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FOREWORD 


The general scheme outlined in the preface to Volume I has been followed in the 
preparation of Volume II, although certain suggestions made by reviewers and others 
have been adopted. One or two reviewers of Volume I, for example, made the remark 
that too much space had been given to Organic Chemistry. This is, however, more 
apparent than real, for if the pages allotted to each of the chief branches of Chemistry 
be numbered, it will be found that, counting only the reading matter, more space has 
been allotted, in both Volumes I and II, to the Inorganic and Physical branches of 
Chemistry than to the Organic section. It is the space occupied by Organic formulfe 
which makes these articles so bulky, and thus gives them the appearance of pre- 
dominance. We have done our best to reduce this bulk and have been able to do 
so in many cases without detriment to the article involved. We hold the view that 
articles in a dictionary of this kind must be clearly and concisely written, and no 
modern article on a subject in Organic Chemistry can be constructed to comply with 
these conditions unless it is illustrated by elaborate formulae. 

Again, the comment has been made that the new edition of the Dictionary 
appears to be written on a fundamental basis and seems, therefore, to have little to do 
with “ Applied Chemistry.” It is interesting, in this connection, to note the difference 
in meaning which the word “ Applied ” has undergone since the first edition of the 
Dictionary was published. In those days the words “ Applied Chemistry ” meant the 
field in which the chemical technician worked, and it was necessary for such a worker 
to possess a wide knowledge of chemistry ; he consulted the Dictionary in order to obtain 
information on subjects on which he was working at that moment. The Dictionary 
was made for such as he, and we aim at maintaining its value from this point of view. 
On the other hand, the passage of time has led to the general recognition that there 
are not two branches of Chemistry, “ Pure ” and “ Applied,” but only one kind, and 
that the “ Applied ” or “ Industrial ” side must be based on pure chemistry if it is 
to exist and prosper. We have therefore continued the plan adopted in Volume I 
and have inserted a number of monographs on fundamental matters, while, at the 
same time, retaining the articles on leading industries after bringing them up to 
date. In the matter of illustrations of technical plant we have avoided, and intend 
to avoid as far as may be possible, the reproduction of illustrations from the advertise- 
ment pages of the Chemical and Chemical Engineering Press. The apparatus 
illustrated in this way often deals with appliances made for a specific purpose, while 
it is the object of the Dictionary to be as general as possible. Nevertheless, we 
propose to draw freely from such illustrations when necessary, provided they are 
specific to the article in question. When special drawings are required they will be 
provided. 

Again we have to thank all concerned for the ready help they have accorded us. 
Especially is this the case with the Printers, who took great pains and patience to 
follow our requirements in the m.ctter of Organic formula. The success of their 
work is shown in the text and is self-evident. They are heartily to be congratulated 
on the completion of a difficult and onerous task. 

We have also to thank those who have given us permission to reproduce figures 
and tables from periodicals controlled by them. 

J. E. THOEPE 
M. A. WHITELEY 

South Kensington, 

June. 1938. 
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Journal of the New England Water Works Association. 

Journal of Nutrition. 

Journal of the Oil and Colour Chemists’ Association. 

Journal of the Optical Society of America. 

Journal of Organic Chemistry. 

Journal of Pathology and Bacteriology. 

Journal do Pharmacie et do Chimie. 

Journal of Pharmacology and Experimental Therapeutics. 

J oumal of the Pharmaceutical Society of Japan. ( Yakugakuzasshi . ) 
•Journal of Physical Chemistry. 

Shurnal Fizitscheskoi Chimii. 

Journal of Physiology. 

Journal de Physiologic ct de Pathologie generale. 

Journal de Physique ot le Radium. 

Journal of Pomology and Horticultural Science. 

Journal fiir praktische Chemie. 

Journal and Proceedings of the Asiatic Society of Bengal. 

Journal and Proceedings of the Australian Chemical Institute. 

Journal and Proceedings of the Royal Society of New South Wales. 
Journal of Research of the National Bureau of Standards. 

Journal of the Royal Agricultural Society. 

Journal of the Royal Horticultural Society. 

Journal of the Royal Microscopical Society. 

Journal of the Royal Society of West Australia. 

Journal of the Royal Technical College (Glasgow). 

Journal of Rubber Research. 

Journal of the Rubber Research Institute of Malaya. 

Journal of Science of the Hiroshima University. 

Journal of Scientific Instruments. 

Journal of Science and Technology, India. 

.Journal of the Scottish Meteorological Socieiy. 

Journal of the Royal Society of Arts. 

.Tournal of the Society of Chemical Industry. 

.Journal of the Society of Chemical Industry, Japan. (Kogyo 
Kwagaku Zas.shi.) 

.Journal of the Society of Dyers and Colourists. 

Journal of the Society of Glass Technology. 

Journal of the International Society of Leather Trades’ Chemists. 
Journal of the South African Chemical Institute. 

Journal of the South-Eastern Agricultural College, Wye, Kent. 
■Journal of State Medicine. 

Journal of the Textile Institute. 

Journal of the University of Bombay. 



abbbeviations of the titijs of journals, etc. 


J. Ujin«s Qaz . . . • 

J, Washxngton Acad. Sci. • 

J. West Scotland Iron SUd 

Jnst 

KaU 

KauUchuk . . ■ • 

K. Sienala Vel. Akad. 

Handl 

Kentucky Agric. Exp. Slat. 

Bull 

Keram. Bundsch. 

Koltoid Beth, .... 
Kdloid Skum . . . ■ 

Kdlotd-Z . ... 

KunsUtoffc 

Laxt 

Landw Jafirb 
Landv). VtrsucKs Slat. . 
London Shellac Rea. But , 
Tech Paper .... 
Louisiana Planter . . . 

2Ialay. Ayric J. 

3Iass Agrte. Exp Sta. Bull 
ilaltnt Plasl .... 
Jiledd. K. Vtlenslapsalad. 
A’oiel /r«f .... 

Med. Bdiutad 

Mem. Aeead. Lxncei . . . 

Mem. Atcad Sex. Torino . 
Mem Cdl Agrxe Kyoto 
Mem Cdl Set. Kyoto . . 
Mem. Dept Agric. India . 
Mem. Inst, Chem Ujtrain 
Aeaef Set 

Mem. Moneheater Phi. Soe. 

Mim Poudres . 

Mim Sot Ing Cxv France 


\ Mtlal Ind. . . . 

) Metal Progr 
■ Metall u. Srz 
2Ielallges. Ret. . 

Metallurgia . . . 

Met. <S! Alloys . 

Metals Tech . . 

Metrop. Water Bd Rep. 
Mich. Agrte. Exp. Sta. Bui 

2ItkTochem 

Mtlch Porsch. 

Milch Zentr. . . . 

Milk Ind 

Milk Plant 3Ionlh. . . 

Min Mag 

3Iin. <t Met. . . . 

Missouri Agrxe. Exp. Sta 

Res. Bull 

J/iH. Kohlenforschungsinsl, 

Prag 

J/i». Lebensm. llyg. 

3IiU. MaterialprSf, . 

Mitt med Ges Tokyo . 
3Iitt Path. Inst, K. Univ 

3Iitt. Textiljorsch. Krejeld 
3lonalsh 


Journal des Usines s Gaz. 

Journal of the Washington Academy of Sciences. 

Journal of the West of Scotland Iron and Steel Institute. 

Kali. 

Kautschuk. 

KongLga Svenaka Vetemkaps Akadcmiens Handlingar. 

Kentucky Agricultural Espcnmental Station, Bulletin, 

Keramiacb Rundschau. 

KoUoid Beihefte. 

KoUotdni Shuntal. 

KoUoid.Zeitscbnft. 

KunststoQe. 

Le Lait. 

Tho Lancet 

Landwirtschaftliche Jahrliucher 

Dio landwirtschaniichen Versuchs Stationen. 

London Shellac Research Bureau, Technical Paper. 

Louisiana Planter 
Malayan Agricultural Journal. 

Massachusetts Agricultural ETpenment Station Bulletin. 

Mateno Plastiche. 

Meddelaudon frin Kongl-Vetcnskapsakadcmiens Nobel Institut. 
Jledycyna DcSu-iadczabia \ Spoleczna. 

Memorie dcUa Beale Accademta Nazionalo dei Lineel. 

^ictnorle della Beale Accademia delle Scienzo di Torino. 

Memoirs of the Allege of Agriculture, Kyoto Imperial Unlcersity. 
ifetnoirs of the College of Science. Kyoto Impcnal Umccrsity. 
Memoirs of tho Department of Agriculture in India 
Memoirs of the lostituto of Chemistry, Ukrainian Academy of 
Sciences 

Memoirs and Proceedings of the Manchester Literary and Philo* 
sophical Society. 

M^monal Jes Poodres. 

M^moires et Compte rendu des Traraux de Ja Soci£t6 ties Ingfnienrs 
Ctnls do France. 

Metal Industry. 

Metal Progress. 

Metall und Ere. 

Metallgeselkscbafi Periodic Beview. 

Metallurgia. 

Metab and Alloys. 

Metals Technology. 

Metropohtan Water Board Reports. 

31ichigan Agncultural Experiment Station Bulletin. 

SLkrochesue. 

Mikhuirtschaftliches Forschungen. 

Slilchwiitschaftbches Zentralblatt. 

Milk Industry. 

Slilk Plant Monthly. 

Slmeralogical Magazine and Journal of the Mincralogical Society. 
Mining and Metallurgy. 

Missouri Agricultural Experiment Station Research Bulletin. 

Slitteilungen des Kohlenforscbungsinstituta m Ptag. 

Mitteilungen aus dem Gebiete dcr Lebensmitteluntcrsuchungcn und 
Hygiene. 

Mitteilungen aus dem Matcnalpriifungsamt zu Gross-Lichterfelde 
West. 

Mitteilungen der medizinbchcn Gesellscliaft zu Tokyo. 

Slitteilungen aus dem pathologischcn Institut der Kaiscrbchen 
Universitat zu Sendm, Japan 
Mitteilungen der Textilfor^ungsanstalt Krefeld e.V. 

Slonatshefte fur Chemie und veruandte Teile anclerer AYisscn- 
schaften. 
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Montana Agric. Exp. Sta. 

Bull 

"Month.- J. Inst. Metals . 

Month. Not. Boy. Astr. Soc. 

Month. Rep. Dept. Agric. N. 

Ireland. 

Muhlenlab 

Munch, med. Woch. . 

Nachr. Oes. IFim. Gottingen 
Nat. Butter <& Cheese J. 

Nat. Paint Var. Assoc. Circ. 

Nature 

Naluurwetensch. Tijds. . 

Naturwiss 

New Hamps. Agric. Exp. 

Sta. Bull 

New Jersey Agric. Exp. Sta. 

Bull 

New Phytol 

New York Agr, Expt. Sta. 


Bull New York State Agricultural Experiment Station Bulletins. 

New York (Geneva) Agric. 

Exp. Sta. Bull. . . . New York (Geneva) Agricultural Experiment Station Bulletin. 

New Zealand Dominion 

Lahy. Eept New Zealand Dominion Laboratory Reports. 

New Zealand J. Sci. Tech. . New Zealand Journal of Science and Technology. 

Nova Acta Soc. Sci. , . . Nova Acta Regiae Societatis Scientiarum UpsaUensis. 

Nutr. Abs Nutrition Abstracts and Reviews. 

Ofvers. Finska Fet.-Soc. . Ofversigt af Finska Vetenskaps-Societetens Forhandlingar, 

Helsingfors. 

Oel u. Kohle Oel und Kohle. 

Off. Digest Official Digest of the Federation of Paint and Varnish Production 

Clubs. 

Ohio Agric. Exp. Sta. Bull. Ohio Agricultural Experiment Station Bulletin. 

Oil and Gas J Oil and Gas Journal. 

Oil and Soap .... Oil and Soap. 

Oklahoma Agric. Exp. Sta. 

. Bull Oklahoma Agricultural Experiment Station Bulletin. 

Osterr. Ghem.-Ztg. . . . Osterreichische Chemiker-Zeitung. 

Oversigt Danske Vid. Selsk. Oversigt over det Kongelige Danske Videnskabernes Selskabs 

Forhandlingar. 

Pacific Pulp and Paper Ind. Pacific Pulp and Paper Industry. 

Paint Manuf. .... Paint Manufacture. 

Paint, Oil, and Chem. Rev. Paint, Oil, and Chemical Review. 

Paint Tech Paint Technology. 

Paint and Far. Prod. Man. Paint and Varnish Production Manager. 

Paper Paper. 

Paper Ind Paper Industry. 

Paper-Maker .... Paper-Maker and British Paper Trade Journal. 

Paper Trade J Paper Trade Journal. 

Papier-Fabr Papier-Fabrikant. 

Pedology Pedology. 

Peint., Pig., Ver. . . . Peinture, Pigment, Vemis. 

Perf. tSi Essent. Oil Rec. . Perfumery and Essential Oil Record. 

Petrole m Petroleum (German). 

Pfliiger's Archiv .... Archiv fiir die gesamte Physiologie des Menschen und der Tiere. 

Pharm. J Pharmaceutical Journal. 

Pharm, Weekblad . . . Pharmaceutisch Weekblad. 

Pharm. Ztg Pharmazeutische Zeitung. 

Pharm. Zentr Pharmazeutische Zentralhalle. 

Philippine Agric. . . . Philippine Agriculturist. 

Philippine J. Sci. . . . Philippine Journal of Science. 

piv' Philosophical Magazine (The London, Edinburgh, and Dublin). 

Pmi. Trans Philosophical Transactions of the Royal Society of London. 

Pno(. Ind Photographische Industrie. 

Phot.J. Photographic Journal. 

Phot. Korr Photographische Korrespondenz. 

Physica Physica. 

Pj^sical Rev Physical Review. 

Physics Physics (now Journal of Applied Physics). 


Montana Agricultmal Experiment Station Bulletin. 

Monthly Journal of the Institute of Metals. 

Monthly Notices of the Royal Astronomical Society, London. 
Monthly Reports of the Department of Agriculture of Northern 
Ireland. , 

Das Muhlenlaboratorium. 

Miinchener medizinische Wochenschrift. 

Nachrichten von der Gesellschaft der Wissenschaften zu Gottingen. 
National Butter and Cheese Journal. 

National Paint, Varnish, and Lacguer Association, Inc., Circular. 
Nature. 

Natuurwetensohappelijk Tiidschrift. 

Die Naturwissenschaften. 

New Hampshire Agricnltiural Experiment Station Bulletin. 

New Jersey Agricultural Experiment Station Bulletin. 

New Phytologist. 



ABBREVIATIONS OF THE TITLES OF JOURNALS, ETC. 


Physikal. Z 

Phytihil. Z. Sot lelitnion 

PhyUtpaih 

Phytopalh. Z. . . ■ 

Plartl Phystol. . ■ 

Plania (Z. tetst Btol ) 

Pla»X. Matsx . 

Poultry Sei 

Ptxx. Acad. Sc\ Agra and 

Oudh 

Ptoc, Amcr. Acad. Aria Set, 
Proc, Amcr. Gaa Aasoc . . 

Ptoc. Amcr. Phil. Soe . . 

Proc. Amcr. Phyatol Soc. . 
Proc. Amcr. Soe. Biol Chem. 
Proc. Amcr. Soc. Ctv. Eng . 
Proc. Amcr. Soc. Test Mat. 
Proc. Austral. Jnat. Mtn. 

Met 

Proc. Camb. Phil. Soc. . . 

Proc. Durham Phil Soc. 
Proc. Eng. Soc. li'. Pa. . 
Proc, Imp. Acad. Tokyo 
Proc. Indian Acad. Set. 
Proc, Inst. Ctu Eng . . 

Proc. Inat. Mech Eng. . . 

Proc. Iniemat. Cong. Soil 


Set 


Proc. Iniernat Soe. Sotl Set. 
Proc. K. Aiad. n’etcnjcA 
Amsterdam, 

Proc, Leningrad Dept. Inat. 

Pert. , . . 

Proc. Mvilm Assoc, 


Proc. Nat, Acad. Set. 

Proc. Noia Scotian Inst. 
Proc. Phil Soc. Glasgow 
Proc. Physical Soe. . 

Proc. Physiol, Sol. . 

Proc. Soy Inat . . 

Proc. Roy, Irish Acad. 

Proc. Roy. Soe . . 

Proc. Roy. Soc. Edin 
Proc. Roy. Soc 3led 
Proc. Roy Soe. Queenaland 
Proc. Roy. Soc. Tasmania . 
Proc. Set. Assoc , Vtztana- 


Vntv. 


Proc. Soe. Exp Biol. Med. . 
Proc. S. Wales Inst. Eng. , 
Proc. Tech, Sect. Paper 
Makers' Assoc. . . . 

Proc. V.S. Nat. Mus. . . 

Protoplasma 

Pnemyal Chem 

Puil. pae. Sci. 
Masaryk. 

Pulp and Paper Mag. 

Cuna.'a .... 
Quart Exp. Physiol. . 
Quart . GeU. Sor . 

Quart. J Sled. . . 

Quart. J . Phiirm. 

Queenaland J, Agrie. 

Rayon Text. Month. 

Ree. Aualralian Slua. . 

Ree. trat. hot. Neerland. 

Rtc. trav. chim. , . 


Physikabaehe Zcitschrifl. 

Pliysikalische Zeitscbnft det Sovietunion. 

PhytopatLology. 

PhytopathologJsch® Zatschrift. 

PJant Phjsiology. 

Planta (Zcitachnft fur wissenschaftucha Biologie). 

PlastiUchekie Masai. 

Poultry Science. ,t • j i 

Proceedings of the Academy of Sciences of the United Piovinces of 
Agra and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. 

Proceedings of the American Philosophical Society. 

Proceedings of the American Physiological Society. 

Proceedings of the American Society of Biological Chemists. 
Proceedings of the American Society of Cml Engmeew. 

Proceedings of the American Sodety for Testing Materials. 

Proceedings of the Australasian Institute of Mining and Metallurgi' 
Proceedings of the Cambridge Philosophical Society. 

Proceedings of the UniTersity of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of Western Pennsylvania. 
Proceedings of the Imperial Academy (Tokyo) 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institution of Civil Engineers. 

Proceedings of the Institution of Mechanical Engmeers. 

Proceedings of Iho Internationa! Congress of Soil Science. 
Proceedings of the International Society of Soil Science. 
Komnkhjke Akademie van Wetenschappen tc Amsterdam. Fro. 
ceediogs (Enghsb veraion). 

Proceedings of the Leningrad Departmental Institute of FertiLaers. 
Proceedmgs of the Mushra Association for the Advancement of 
Science. 

Proceedings of the National Academy of Sciences. 

Proceedings of the Nova Scotian Institute of Science. 

Proceedings of the QIasgou' Philosophical Society. 

Proceedings of the Physical Society of London. 

Proceedings of tlio Physiological Society. 

Proceedings of the Royal Institution of Great Britain. 

Proceedings of the Royal Irish Academy. 

Proceedings of the Royal Society. 

Proceedmgs of the Royal Society of Edinburgh. 

Proceedings of the Royal Society of Medicine. 

Proceedmgs of the Royal Society of Queensland. 

Proceedings of the Royal Society of Tasmania. 

Proceedmgs of the Science Association, l^Taharajah'a College, 
Vizianagram. 

Proceedmgs of the Society for Experimental Biology and Medicine. 
Proceedmgs of the South W'alea Institute of Engineers, 

Proceedmgs of the Technical Section of the Paper Makers’ Associa* 
tion of Great Britain and Ireland. 

Proceedings of the United States National Museum, 

Protoplasma. 

I’rzemysl Cliemiczny. 

Publications de la Facultc des Sciences de rUniversite Masaryk 
(Spisy Tydavani PrlrodovWeckou Facoultou Masarykovy 
University). 

Pulp and Paper Magazmo of Canada. 

Quarterly Journal of Experimental Physiology. 

Quarterly Journal of the Geological Society. 

Quarterly Journal of Medicine. 

Quarterly Journal of Pharmacy and Pharmacology. 

Queensland Journal of Agriculturo. 

Rayon Textile MontUy. 

Records of the Australian Museum. 

Rccuoil des travunx botaiuquea Neerlandaises. 

Recucil des travunx cbimiqncs des Pays-Bas. 



ABBREVIATIONS OF THE TITLES OF JOURNALS, ETC. ' xxi 


Refiner 

Rend. Accad, Set. Fis. Mai. 

Napoli 

Rend. 1st. Lomb. Sci. Lett. . 
Rensselaer Polt/t. Inst. Ball. 
Rep. Ausl. Assoc. Sci. . 

Rep. Bril. Assoc. 

Res. Stud. State Coll. T^as^- 

ington 

Rev. Aluminium 
Rev. Ohim. pura appl. . 

Rev. Fac. Quim. Ivd. Agric. 
Rev. Gin. Mat. Col. . 

Rev. Mil 

Rev. Mod. Physics. . 

Rev. Sci. Instr 

Rocz. Chem 

Shorn. Trud. Vkrain. Chim. 
Inst. Odessa .... 

Science 

Sci. Agric 

Sci. and Cull 

Sci. el Ind 

Sci. Ind. Rep. Roure- 
Bertrand Fils .... 
Sci. Mem. XJniv. Saratov 
Sci, Papers Inst. Phys. Chem. 

Res. Tokyo .... 
Sci. Proc. Roy. Dublin Soc. 
Sci. Quart. Nat. Univ. Peking 
Sci. Rep. Hiroshima Tech. 

Sch 

Sci. Rep. Tdhoku 
Sci. Rep. Tsing Hua Univ. 
Sci. Sect. Nat., Paint, Var. 
Assoc. Circ, 

Sci. Trans. Roy. Dubl. Soc. 

Scot. J. Agric 

Seifens.-Ztg. 

Sewage Works J, ... 
Sitzungsber. Akad. IFim. 

Wien 

Sitzungsber. Eeidelberger 

Akad. IFiss 

Sitzungsber. Preuss. Akad. 

IFiss. Berlin .... 
Smithsonian Misc. Coll. 

Soap 

Soap Trade Rev. 

Soil Res 

Soil Sci 

Sparwirts 

Sprechsaal 

StaM u. Eisen .... 

Stain Tech 

Staz. sper. agr. ital. '. 

Steam Eng 

Sugar Bull 

Suomen Kem 

Superphosphat .... 
Superphosphate .... 
Svensk Kem. Tidskr. 
Tasmanian Agric. J. 

Tech. Milt. Krupp . 

Tech. Publ. Tin Res. Counc. 


Tech. Rep. Tdhohi . . 


Refiner and Natural Gasoline Manufacturer. 

Rendiconto dell’ Accademia delle Scienze Fisiche e Matematiche, 
Napoli. 

Rendioonti dell’ Rcale Istituto Lombardo di Scienze e Lettere. 
Rensselaer Polytechnic Institute Bulletin. 

Report of the Australian Association for the Advancement of 
Science. 

Report of the British Association for the Advancement of Science. 

Research Studies of the State College of Washington. 

Revue de I’Aluminium. 

Revista do Chimica pura e applicada, Orgao de Sociedade Portu- 
guesa de Quimica o Fisica. 

Revista de la Facultad de Quimica Industrial y Agricola. 

Revue Generals des MatiJres Colorantes. 

Revue do Metallurgie. 

Review of Modem Physics. 

Review of Scientific Instruments. 

Roeznild Chemji organ Polskiogo Towarzystwa Chemieznego. 
Sbomik Trudov Ukrainskogo Nautschno-Issledova-Telskogo 
Chimitscheskogo Institute Odessa. 

Science. 

Scientific Agriculture. 

Science and Culture. 

Science et Industrie. 

Scientific and Industrial Reports of Roure-Bertrand Fils. 

Scientific Memoirs of the University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research, 
Tokyo. 

Scientific Proceedings of the Royal Dublin Society. 

Science Quarterly of the National University of Peking. 

Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tohoku Imperial University. 

Science Reports of the National Tsing Hua University. 

Scientific Section, National Paint, Varnish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scottish Journal of Agriculture. 

Seifensieder-Zeitung. 

Sewage Works Journal. 

Sitzungsberichte der Akademie der Wissenschaften, Wien. 

Sitzungsberichte der Heidelberger Akademie der Wissenschaften. 
Sitzungsberichte der Preussischen Akademie der Wissenschaften zu 
Berlin. 

Smithsonian Miscellaneous Collection. 

Soap. 

Soap, Perfumery and Cosmetic Trade Review. 

Soil Research. 

Soil Science. 

Sparwirtschaft. 

Sprechsaal. 

Stahl und Eisen. 

Stain Technology. 

Stazioni sperimentali agrarie italiane. 

Steam Engineer. 

Sugar Bulletin, 

Suomen Kemistilehti Acta Chemica Fennica. 

Superphosphat. 

Superphosphate. 

Svensk Kemisk Tidskrift. 

Tasmanian Agricultural Journal. 

Technische Mitteilungen Eirupp. 

Technical Publications of the International Tin Research and 
Development Council. 

Technology Reports of the Tohoku Imperial University, Sendai, 
Japan. 



ABBREVIATIONS OF THE TTTLES OF JOURNAI5, ETC?. 


Tttr u. Bilumtn . . . 

Ttln. Ttdsl 

Teitilber. 

Ttd4. Kjemi .... 
Tonind. Ztg. . 

Trans. Amtr. Inst. Chtm 

Eng. 

Trans. Amer. Inst Mtlals 
Trans Amer. Inst dim 

Met. Eng 

Trans. Amer. Soc. ilech. 

Eng . .... 

Trans. Amer Soc. Mel 
Trans. Ceram Soc . . 

Trans. Dohichaieo Soil Inst 
Trans Eleetrochem Soc 
Trans. Faraday Soc. 

Trans. Inst. J/m Eng 
Trans Inst Mm. Met. . 
Trans. Inst Plast Ind . 
Trans. /fw< Eubbtr Ind 
Trans N. Eng Inst. Mtn 
Mech Eng. 

Trans. Eew Zealand Inst. 
Trans. Eova Scotua Inst. Set 
Traru. Opt. Soc. . 

Trans. Boy. Irish Acad 
Trans Boy. Soc. Canada 
Trans Boy. Soc. Edin. . 
Trans. Boy Soc S. Africa 
Trans Saratov C^ntv. . 

Trap Agnc. . . . 

Trap. Agnc. [Trinidad) . 
Tseh. ilin Mitt. 

U. S. But. Mines, Bull., 
Tech. Papers, and Bept. 
Invest. 

V. S. Plant Ind. 

V.8. Dept. Agnc. Bull, (or 

Cifc ) 

V S. Hyg. Labor. Bull. 

V.SJ’ 

U S. Fubl. Ileallh Bep. . . 

Vhain. Biochem. J. . . 
Ultrain. Chem J. . . . 
Union 3. A/noa J>cpi. Aotk. 

Bulls 

Unw. Illinois Bull. . 

Utah AgrK. Coll. Exp. Slat. 

BuU 

Terfhoniek 

Vtrh. Oeol. Bewhsanst. Wien 
Yirh. Ges. deut. Balutfortch. 
Atrize. 

Vermont Agric. Exp. Sta. 

BuU 

Vet. Bee 

Virginia (Blacksburg) Exp. 

Sta. Bull. ..... 
Virginia Truck Exp. Sta. 

bdl. 

J. Agric 

irw* Yeroff. Siemens- 

Herken 

B'ocA. Brau 

IVorHs Paper Tr. Bev. . 

Z. anal. Chem 

Z. anorg. Chtm 


Teer and Bitnin^n. 

Tekmsk Tidsknft. 
jrclliand Textilbenchte. 

Tidsstrift for Kjemi og Bergyeaen. 

Tonmdastne-Zcilnng. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the Amencaa Institution of Metals. 

Transactions at the Ammc&n Institute of Mining apd MetaUurgicsJ 
Engineers. 

Transactions of the Amencan Society of Mechanical Engineers. 
Transactions of the Amencan Society of Metab. 

Trassaclioiu of the Ceramic Society. 

Transactions of the Dokuchaiev Soil Institute. 

Transactions of the Electrochemical Society. 

Transactions of the Faraday Society. 

Transactions of the Institution of Mining Engmeers. 

Transactions of the lostitation of hluung and Metallurgy. 
Transactions of the Institute of the Plastics Industry. 

Transactions of the Institution of the Rubber Industry. 
I^ansaetiona of the North of England Institute of Mining and 
Mechaiucal Engineers. 

^ansactions of the New Zealand Institute. 

Transactions of the Nora Scotia Institute of Science. 

Transactions of the Optical Society. 

Transactions of the Royal Irish Academy. 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edmbuigh. 

Transactions of the Royal Society of South Africa. 

Transactioos of the Saratov University (Gelehrte Notiien der 
Savatovei Staata Umvttavt&tV 
Tropical Agncultonst (Ceylon). 

Tropical AgncnJlore (Tnmdad) 

Mmeralogisohe nnd Petrographische fiLtUiiangen (Zeitachnft fur 
Krutallographie, ftlmeralogie, nnd Pelrographiei Abteilung B). 
United States Bnreau of Minea, Bnlletms, Techmcal Papers, and 
Reports of Investigations. 

United Stales Bureau of Plant Industry. 

United States Department of Agricnitnre Bnlletms (or Circnlars). 
United States Hygienic Laboratory Bnlletins. 

Umted States Patent. 

United States PoMic Health Reports. 

Ukrainian Biochemical Joamal. 

Ukrauuan Chemical Journal. 

Union of South Africa Department of Agriculture Bulletins. 
University of lUinois BoUetuis. 

Utah Agricultoral College Experiment Station Bulletins. 
Verfkroniek. 

Verhandlnngen dcr Geolo^schen Reichsanstalt in ^Vien. 
VerbandiBiigen dcr Gesellschaft deatacher Natarforseher and 
Aertze. 

Vermont Agricultural Experiment Station BuUetm, 

Veterinary Record. 

Virginia (Blacksburg) Experiment Station Bulletin. 

Virginia Track Experiment Station Bnlletm. 

Webh Joamal of Agriculture. 

Wissenschaniiche Verdffenthchungen aus den Siemcns-Werken. 
Wochenschnft fur Branerci. 

World’s Paper IVade Review. 

Zeitschnft fur analytische Chemle. 

Zeitschnft fur anorganische nnd allgemeine Chemie. 
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Z. Biol 

Z. dent. Geol. Ges. 

Z. Elekirochem 

Z. Fleisch- Milch-Hyg. . 

Z. ges. Bramv 

Z. ges. exp. Med. 

Z. ges. Naturwiss. 

Z. ges. Schiess- u. Sprerig- 

stoffio 

Z.Hyg 

Z. Inslrumkde 

Z. Krist 

Z. Metallk 

Z. Parasitenk 

Z. Pfiam. Dung. 

Z. Pflanzenkr. PJlanzen- 
schutz. 

Z. Physik 

Z. physikal. Ohem. . 

Z. physikal. chem. XJnierr. . 
Z. physiol. Chem. 

Z. pr. Geol 

Z. Spiritusind 

Z. Unters. Lebensm. 

Z. Ver. dent. Ing. 

Z. Ver. deut. Zvcker-Ind. . 

Z. Vitaminforsch. 

Z. Wirls. Zuckerind. 

Z. wiss. Biol 

Z. wiss. Mikrosk. 

Z. wiss. Phot 

Z. Zuckiung 

Z. Zuckerind. Czechoslov. , 

Zavod. Lab 

Zdlstoff u. Papier 

Zement 

Zentr. Bakt 

Zentr. Min 

Zentr. Zuckerind. 


Zeitschrift fur Biologic. 

Zeitsolirift der deutschen Geologischen GeseUschaft. 

Zeitschrift fur Elektrochemie. 

Zeitschrift fiir Fleisch- und Milch-Hygiene. 

Zeitschrift fiir das gesamte Brauwesen. 

Zeitschrift fiir die gesamte experimentelle Medizin. 

Zeitschrift fur die gesamte Naturuissenschaft. 

Zeitschrift fiir das gesamte Schiess- und Sprengstoffwesen. 
Zeitschrift fiir Hygiene und Infektionskrankheiten. 

Zeitschrift fiir Instrumentenkunde. 

Zeitschrift fiir Kristallographie. 

Zeitschrift fiir Metallkunde. 

Zeitschrift fur Parasitenkunde. 

Zeitschrift fiir 'Pflanzanernahning, Diingung, und Bodenkunde 
(title now changed to Bodenkunde und Pflanzenernahrung). 
Zeitschrift fiir Pflanzenkrankheiten (Pflanzenpathologie) und 
Pflanzenschutz. 

Zeitschrift fiir Physik. 

Zeitschrift fiir physikalische Chemie. 

Zeitschrift fiir den physikalischen und ohemischen Unterricht. 
Hoppe-Seyler’s Zeitschrift fur physiologische Chemie. 

Zeitschrift fiir praktische Geologic. 

Zeitschrift fiir Spiritusindustrie. 

Zeitschrift fiir Untersuchung der Lehensmittel. 

Zeitschrift Vereins deutscher Ingenieure. 

Zeitschrift des Vereins der deutschen Zucker-Industrie (now 
changed to Z. Wirts. Zuckerind.). 

Zeitschrift fiir Vitaminforschung. 

Zeitschrift dor Wirtschaftsgruppe Zuckerindustrie (Vereins der 
deutschen Zucker-Industrie). 

Zeitschrift fiir uissenschaftliohe Biologie. 

Zeitschrift fiir unssenschaftliche Mikroskopie und mikroskopische 
Technik. 

Zeitschrift fur u'issenschaftliche Photographie, Photophysik itnd 
Photochemie. 

Zeitschrift fiir Zuebtung. 

Zeitschrift fiir die Zuckerindustrie dor Cechoslovakischen Republik. 
Zavodskaja Laboratorija. 

ZellstofE und Papier, 

Zement. 

Zentralblatt fiir Baktcriologie, Parasitenkunde und Infektionskrank- 
heiten. 

Zentralblatt fiir Mineralogie, Geologie und Paliiontologie. 
Zentralblatt fiir Zuckerindustrie. 
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BLACK ASH . The crude sodium carbonate 
of the Leblanc process, manufactured by heating 
a mixture of saltcake, coal and limestone ; 

(1) Na 2 S 04 + 2 C=Na 2 S+ 2 C 02 

(2) Na2S+CaC03=Na2C03+CaS 

BLACK B. {Cibanone Yellmv E) v. Anthka- 
QUiNOKE Dyestuffs. 

BLACKBERRIES, The fruit of the 
common bramble {Rubus fruticosus) probably 
including several sub-species. Kulisch (Z. angerv. 
Chem. 1894, 7, 148) gave the composition as : 


Reducing 

Water. Protein. Acids. Sugars. Sucrose. Asli. 
84-9 0-5 1-4 0-5 0-5 0-6 


American analyses, e.g. Munson, Tolman and 
Howard (U.S. Dept. Agrio. Bur. Chem. Bull. 
1905, No. 66), indicate more watery fruit with 
somewhat lower sugar content. 

Average analyses of blackberry juice are 
given by IVindisoh and Schmidt (Z. Unters. 
Nahr.-Genussm. 1909, 17, 584) as : 


Sp.gr. 

Solids. 

Protein. 

Acids. 

1-038 

9-9 

0-34 

1-5 

Invert 

sugar. 

Sucrose. 

Tannin. 

Ash. 

5*77 

0-21 

0-13 

0*42 


The ash constituents include : KjO 0'20, CaO 
0'089, MgO 0-053, PjOj 0-069% (Kulisch, l.c.). 
Th'o seeds yield an oil, reported by Krzizan 
(Rev. Fett.-Harz-Ind. 1908, 15, 7, 29) to show- 
the following characteristics: sp.gr. 0-9256,- 
saponification value 189-5 ; iodine value 147-8; 
Beichert-!Meissl value 0 ; Hehner number 96-3. 
The liquid fatty acids, amounting to 91% of the 
oil, include 80% linolicacid and 3% linolenic acid. 
The solid acid is chiefly palmitic. Small 
amounts (0-8%) of phytosterol are also present. 

Nelson (J. Amer. Chem. Soc. 1925, 47, 568) 
examined the acids of the fruit and reported 
more than 80% of these to be optically active 
iso-citric acid, the remainder comprising i-malic 
and traces of oxalic, succinic, and citric acids. 
The pigment of the fruit was investigated by 
Vecchi (Chem. Zentr. 1914, [i], 1209). 

A. G. Po. 


BLACK BOY GUM r. B.^lsams. 

BLACK CHALK. A brownish-black to 
blue-black carbonaceous shale ; as a pigment it is 
inferior to the artificial carbon blacks. 

BLACK FLUX. The residue of carbon 
and alkali carbonates obtained by 'ieniting 
Rochelle salt. 


VoL. II.— 1 


BLACK G R E AS E . The crude fatty acids 
obtained by acidifying the soap stock made 
from cotton seed oil foots; they are usually 
distilled and separated into “ olein,’" liquid, and 
“ stearin,” solid fraction. 

BLACK HAW. The dried bark of the root 
of Viburnum prunifolium, Linn., a shrub growing 
in the central and eastern Vaited States. It 
contains a bitter principle, viburnin, fat, resin, 
and tannin . The extract is used iii the treatment 
of asthma. 

BLACK HELLEBORE. Hellebore. The 
rhizome and roots of llelleborus niger L. (Fam. 
Ranunculaceae), a herb cultivated in Eng- 
land and found ivild in Central Europe. - It 
contains two crystalline glycosides, helleborin, 
m.p. 269°, C28H30O6 (Keller, Arch. Pharm. 
1928, 266, 545) and helleborein, but no alkaloids, 
and has strongly cathartic properties. White 
hellebore, Veralrum album, and green hellebore, 
F. viride (Fam. Liliacese), contain alkaloids 
I causing effects entirely distinct from those of 
II. niger. 

BLACKING. Blacking for shoes is men- 
tioned as early as 1598, but it was not intro- 
duced into England until the reign of Charles II. 
It consists essentially of a black colouring 
matter, wax and some medium enabling the 
wax to bo spread thinly over the leather. 

Originally the black pigment used was some 
form of charcoal, but, in practice, this has now 
been abandoned in favour of nigrosine dye as 
such or in the form of its stearate or oleate. 

The most satisfactory wax is, on the -whole, 
crude carnauba wax, though this works best in 
conjunction with softer waxes which by them- 
selves -nould not polish to a sufficient lustre. 
The admixture of other wa.xes also cheapens the 
product. The principal waxes employed are, 
in approximate order of hardness, carnauba 
wax, candelilla wax, shellac wax, crude montan 
wax, beeswax, ceresines, paraffins, japan wax 
and spermaceti. Synthetic substitutes for 
carnauba wax exist, but are mainly used for the 
light-coloured shoe creams, being too expensive 
for general use in the black preparations. The 
hard and soft waxes are usually mixed in about 
equal proportions, but blacking intended for use 
in hot Countries contains more of the harder 
kinds, and the soft creams sold in tubes have 
a larger proportion of soft wa.ves. The total 
■ivax present amounts to about 25-30% of the 
I blacking. Paraffin is very largely used, and to 
I mixtures of this with a hard wax ozokerite is 
1 
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often added, since it promotes umfonnitj, 
preventing the haid wax separating out in 
lumps (Ivanovsk), Farbcn Chem. 1933, 4. 
85 ; Chem. Zentr 1933, I, 3860} Ozokente 
tends to give soft pastes | 

The wax is made into a paste either liy the 
use of an organic sohent or bv partial aaponihca- 
tion. The oldest, and still the commonest, 
solvent IS oil of turpentine, which should be 
genuine balsam turpentine, not wood turpentine 
or pine oil (Ivanovsky, le) \arious cheaper; 
solvents have been proposed, uauallj of thC' 
benzine or benzene types, and of these, lacquer 
benzine is the most important The essential 
qualities of the soh ent are that it should dissolve 
all the waxes used and afterwards form a good 
emulsion, have a narrow boiling range and 
evaporate quicklj enough for the wax la>CT to 
lose Its stickiness and be capable of polishing 
very soon after application, but not so quickly 
as to dry up m the container , also, it must not 
damage the leather Turpentine is generally 
supposed to beactualJj bencfinal to the leather, 
and, on that account, when other solvents arc 
used a small proportion of turpentine or of a 
similarly scented substance is often addeil foi 
purposes of sale Kuntzcl and Malm (Seifens • 
Ztg 1935, 62, 535) earned out exponmenis 
to test the effect of turpentine and some of 
its substitutes on the life of leather subjected 
to bending, on its tensile strength, and on its 
porosity to an The results tended to confirm 
the superiority of turpentine owing to the fact 
that waxes dissolved m it tend to penetrate more 
deeply into the leather, whilst benzine and 
benzene tend to dissolve out the natural fat of 
the leather The beneficial eff'ect of blacking is, 
however, mainlj due to Us action m keeping out 
water and the germs of decay 
The usual method of manufacture of this type 
of blacking » to melt the Hares, beginning with 
tha t haVtng the highest melting point and adding 
the others The temperature used should not 
be higher than is necessary for complete fusion, 
because otherwise there is risk of decomposition 
of the waxes and of undue loss by evaporation 
when the solvent is added The nigrosme base 
(about 3% of the whole) is then dissolved in an 
equal quantity of stcanc or oleic acid at 70°-80° 
and stirred in The source of heat h then 
removed and the solvent added, at a tempera- 
ture of 40°-50^ in winter and less in summer 
To prevent the formation of lumps, the solvent 
must be added m small portions, stimng after 
each addition until the mixture is uniform 
To secure a uniform piodiut, strict attention 
must be paid to the constancy of working con- 
ditions, including the teuijierature at which the 
blacking is poured into the containers. 

A representative blacking of this tj pc has the 
follow ing composition : 

25 parts carnauba wax (fat giev). 

4 „ ceresme, 5b'’-d0‘. 

b u paiaffin, 5ti®-52^. 

"3 turpentine. 

1-5 oleme 

15 nigrosme base. 

A higher proportion of wax may be used in the 
summer. 


The blacking is sometimes sold in the form of 
sticks, which have the advantage of avoiding 
expensive packing and the use of a brush. 
Such products contain a larger proportion of 
wax, about SO^o of the whole 

Luxury shoe creams aie made without 
jiaraffin 

Saponified blacking is cheaper, because water 
leplacea the organic solvent, but-as might be- 
expected, it is less lesistant to water and maj 
actually wash off and cause staining. In its 
manufacture the wax is melted and partially 
saponified by the addition of concentrated 
potassium carbonate Caustic potash must not 
be used, aa any excess remaining in the finished 
product would be very harmful to the leather. 
Sodium carbonate is less satisfactory, since it 
tends to crystallise out when the blacking is 
kept in the c-oid The potassium carbonate may, 
however, be partially replaced by borax, which 
has the advantage of helping to pievent decay. 
The more and waxes, such as japnn wax and 
also r««n, arc ii«cd to jiriitliuc n soap, and the 
unsapoiufiod jiorfion rcmuins suspended in the 
xojp solution. Thorough stirring during manu- 
factuie is necessary both to scciiie propei dis 
(icrsion anil to prev cut the mistui'C fiothing o\ ei 
owing to the evolution of carbon dioxide, 
Instead of relying on the soap foimed fiom the 
waxes, ready prepared soap is sometimes 
employed as an emulsifying ogent. The coloui 
ing matter used is nigrosme, which is soluble in 
water, while its stearate is not. 

A typical saponified blacking is made up at 
follows ' 

12 peits crude montan wax. 

6 „ camauba residues. 

2 „ jnpanwax. 

3 „ jiotassium cnibonale, 00-08%. 

"" watei. 

3 „ nigrosino, 

A little givreunc is oiten added to prevent the 
blacking diymg ujj, und a small propoilion of 
formaldvhyvie, acetalilehyile, salicylic acid, oi 
boiioacxl may be inrotjioiated as a fuiigictde. 

Mixed creams, being mixtures of the two 
types desGccbed. o-boxe, o.\e wlxo nw/ie, hat tbny 
do not appear to have any adv antnge other than 
that of cheapness. 

BLACK-JACK. A miner’s trim for blende, 
or zinc sulphide (r Z[^c , ZI^c blende) 

BLACK LEAD, Tho common name of 
l>liimbagoorpinphite(r CtRBO^) 

BLACKLEY BLUE. \ tnplKtivlmc tlnnc 
dve»tuff 

BLACK LtQUOR. Ferrous acetate (r. 
Acetic Acid). 

BLACK MUSTARD SEED OIL. The 
oil obtained from lirnsiica iiiffra ni^ra), 

has li** 0 918-0 9J0, sapoiiihration value 174, 
iodine value 96-110 Used in hoap-niaking. 

BLACK POWDER. Ordiii.iiy gunpowder, 
a mixture of potaosiiim nitrate (saltpetre), 
sulphur and charcoal. 

BLACKSTRAP. The crudest molasses 
fiom sugar cane refining, foiineiiy considered 
useless, is the thief lavv material lor nearly 90% 
of the indiistiial alcohol picimied m the United 
States. 
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BLANC DE FARD. Bltinc d’Espagne (w. 
Bismuth). 

BLANC DE PERLE. Pearl White. Basic 
bismuth chloride prepared by precipitating 
bismuth nitrate solution with dilute hydro- 
chloric acid. Used as a cosmetic. B.P.C. 

BLANC D'ESPAGNE. Basic bismuth 
chloride precipitated by mixing solutions of 
bismuth nitrate and sodium -chloride. Used as 
a cosmetic. 

BLANC FIXE. Precipitated barium 
sulphate, used in the manufacture of paints and 
colour lakes. 

BLANC PROCESS v. Aluminium. 

BLANKIT. Trade name for sodium hypo- 
sulphite, N 828204, formerly termed sodium 
hydrosulphite. Bleaching agent. 

BLANQUETTE. A crude soda, less caustic | 
than barilla, obtained at Aigues-Mortes by the 
incineration of Salsola kali. 1 

BLAST FURNACE v. Cabbon Monoxide. 

BLASTING GELATINE. This is one of 
the most powerful explosives used in industry. 
It consists of a translucent jelly composed of 
92 parts of nitroglycerin and 8 parts of nitro- 
cotton containing about 12% of nitrogep. It is 
prepared by mixing the nitroglycerin with the 
dry nitrocotton, allowing the mixture to stand 
for some hours and then incorporating in 
a McRoberts or Werner Perkins mixer at a 
temperature of 40-45°C. The product is usually 
made up into cartridges by the use of a screw- 
filling machine. The gelatine is fed in through a 
hopper while the handle is turned, and the 
Archimedean screw then forces the material 
forward and out of the nozzle, the diameter of 
which corresponds with the core of the cart- 
ridge. 

After manufacture, blasting gelatine con- 
tinues to .stiffen and if stored for any appreciable 
length of time tends to become less sensitive to 
detonation. It also shon-s a great tendency to 
exude nitroglycerin and to freeze if stored at a 
low temperature. This latter drawbaek has 
been removed to a great extent by substituting 
a portion of the nitroglyeerin by dinitroglycol. 

H. S. 

BLAU GAS. The employment of liquefied 
gases as motor fuel has been known for many 
yeara and particularly for fuelling airship 
engines. Blau gas has been found a very satis- 
factory material for this purpose. It is obtained 
by high temperature cracking of a mineral oil, 
e.g. Scottish shale oil or gas oil, at a temperature 
of about 700°C. The product is freed from 
carbon dioxide and sulphur derivatives and 
compressed to 10 atmospheres, when a small 
amount of liquid separates. The gas is then 
further compressed to 100 atmospheres and 
yields n liquid consisting of methane dissolved in 
ethane, butane, propane, pentane and the corre- 
sponding olefines. This liquid contains 40% 
of the olefines and. in consequence, with- 
stands very high compression ratios. Similar 
material is made from the lower hydrocarbons 
from petroleum, e.g. liquid propane containing a 
few per cent, of butane. This fuel has been 
used in the Graf Zeppelin. The term was 
originally applied to the gas discovered by Blau 
of Augsburg. A. E. D. 


BLEACHING. This term originally de- 
scribed the art of destroying the natural colour of 
vegetable and animal products without damag- 
ing them, but in practice the meaning of the 
term has been extended to include the whole 
process of purification in so far as this is chemical 
rather than mechanical in nature. The art 
acquires its greatest importance in connection 
with the textile fibres cotton, linen, wool and 
silk, and it is its application to these substances 
which will therefore be considered. Kecent 
investigation has greatly increased our under- 
standing of the principles underlying the art, 
and it can now be described in a much more 
scientific manner than was formerly possible. 

Cotton. 

Cotton is a seed hair composed in the dry 
state of about 90% of cellulose . and 10% of 
substances which are regarded as impurities ; 
the exact composition varies with the species 
and other circumstances. In industrial practice 
the hairs collected from the cotton seeds are 
given a mechanical cleansing to remove sand, 
leaf fragments, etc. ; they are then drawn and 
spun into yarn, and finally, if desired, the yarn 
is woven or knitted into fabric. Bleaching is 
carried out as late as possible in the sequence of 
operations, for the reasons that the process is 
then cheaper, that cotton is more easily 
mechanically processed when unjileached, that 
processing after bleaching would inevitably 
soil the material, and that the bleaching can be 
more exactly adjusted to the purpose for which 
the goods are to be used. The greater cost of 
bleaching yarn as compared with cloth arises 
from the ease with which great lengths of cloth 
can be handled mechanically, and from the 
expense of the extra winding operations fre- 
quently required after bleachmg yarn. Cotton 
is therefore bleached as woven cloth, and to a 
lesser e.xtent as yarn ; it is bleached in the loose 
unspun condition for the manufacture of cellulose 
esters and for surgical purposes. 

A normal full bleaching process consists 
essentially of a steep to remove the starch added 
as size inweaving, an alkali boil (the kier boil or 
scour) to remove the bulk of the remaining 
impurities, a treatment wdth hypochlorite (the 
chemick) to destroy residual colouring matters, 
and an acid wash (the sour) to remove any 
remaining alkaline substances and to give a 
general cleansing. The properties of cellulose 
and of the non-cellulose constituents of cotton 
will be discussed with these processes in mind. 

1. Composition of grey cotton.— The 
impurities in raw or grey cotton comprise mineral 
substances, nitrogen compounds, waxes and 
colouring matters, as well as other substances of 
which little is known. The cellulose content 
can be determined only by weighing the residue 
after the removal of impurities. This method, 
however, has given no precise results, as the more 
drastic the purifying method the greater is the 
loss of weight, and no definite end-point is 
reached by the most drastic methods that can 
safely be used. Column 2 of Table I gives tlie 
total losses in iveight of various tyjies of cotton 
when boiled with a 1% solution of sodium 
hydroxide at 20 lb. excess pressure, but the losses 
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arc increased by about one-fifth if the con- 
centration of sodium hjdrosidc la ra>=ed to 3*o 
and the excess pressure to 40 lb Still mote 
drastic conditions result in decomposition of the 
cellulose. It appears however, that the 
impunties amount in all to aboot 10®o 
grey fibre, vaiying around this value according 
to the tjpe of cotton. The composition of the 
impunties in these cottons, m *o far as this is 
known, 13 gii en in the following table taken from 
the data of Fargher and ifigginbotham * 


Table I 

Xo>’ CeLLILOSE ilATEEIAL IS COTTON 


Cotton 

3 =1 • 
^ bgl 

11 

?aE?. 

.s 

lii.^ 

Texas 

73 

1 1 

1 1 

03 

4C 

Sabburv ' 

73 

1 3 

1 0 

OG 

44 

Tangnis 

69 

12 

09 

04 

4 4 

Sake! 

8J 

12 

1 7 

05 

47 

Broach 

01 

14 

10 

00 

IS V 

Pima 

12 0 

1 5 

28 

15 

GS 


• .Mi«is»ipri Delta 


Grey cotton contains alao fragments of seed 
and leaf which hare escaped the nicchanical 
cleansing processes, and oil and dirt picked up 
dnnnz spuming and weai mg Cloth contains, 
m adaitfon, the sue which has been added to the 
warp to enable it to withstand wearing, and this 
size consists mainly of starch, fats, and waxes 
2. Properties of cellulose.— Cellulose is 
slowly hydrolysed by the strong mineral acids 
yielding progressirely simpler carbohydrates and 
finally glucose This progressire hydrolysis 
results m a steady fall m strength of the cotton 
hairs, and it is highly probable that the tensile 
sfrenrth of the fibre is dependent on the length 
of the chain molecules composing it. The 
chemically and physically modified matenab 
obtained in the early stages of this hydrolysis 
are called hydrocelluloses. Tho process can ^ 
followed by measurements of the viscosities of 
solutions of the matenal m cuprammomain 
hydroxide under standard conditions. Unde- 
graded cellulose yields solntions of very high 
viscosity, which, however, steadily decreasee as 
hydrolyeb proceeds. The viscosity is especially 
sensitive to the early stages of hydrolysis, and 
slight damage which could hardly be detected 
with certamty by a decrease in tensile strength, 
IS readily revealed by the decreased vbcosity. 
This measurement is the most general method 
of detecting and measunng sbght d^radation of 
cellulose, and baa therefore become widely used 
m the control of bleaching operations. 

Pure cellulose has little or no reducing power 
and acid hydrolysis can be followed by tlm 
mcreasing amount of copper redneed the 
hydrocellulose under standard conditions 
(the copper number). This abo is a valuable 
measurement for the control of bleaching 
Cellnlose is .not readily attacked by 
except in the presence of air, when oxidation 
occurs. 


Oxidising agents attaik cellulose fairly easily, 
and their use in bleaching must therefore be 
carefully controlled. The chemically and 
physically modified matenab obtained in the 
early stages of attack, are called oxj celluloses. 
Oxidising attack, like acid hydrolysis, results in a 
decreased viscosity and an increased copper 
number, and m general oxycelluloses are acidic. 
This acidity is measured most easily by the 
amount of the basic dye, methylene blue, 
adsorbed under standard conditions. .Alkaline 
oxidioing agents generally produce oxycelluloses 
of high acidity (methylene blue adsorption) 
and hiw reducing power (copper number), 
wbibt acid oxidising agents yield substances of 
low acidity and high reducing power. 

Degradation of cellulose, whether by oxidation 
or by acid hydrolysis, results in diminished 
tensile strength, changed dyeing properties, 
modified response to finishing treatments, and a 
tendency to yellow during storage or heating ; 
such degradation must therefore be avoided 
dunng bleaching. 

3 Properties of the non-ceJIuIose con- 
stituents of cotton . — The presence of fats and 
waxes in cotton matenab dimmishcs the wett- 
ability and aflccts the handle and the response to 
finishing treatments ; they are removed mainly 
to assist thorongh and even penetration dunng 
djemg and pnnting Both natural cotton wax 
and the fats and waxes u«ed in sizing contain 
unsaponifiable as well as saponifiable sub- 
stances The latter are readily hydrolysed by 
the alkah m scouring, but for t^e removal of the 
former reliance must be placed on emulsification. 

The greater part of the mineral Impurity is 
sotoble m water, and practically the whole u 
removed by an acid wash. 

The nitrogenous substances are partially 
soluble m water and dilute adds, and are 
removed almost completely by a mild alkah boil 
or a chemlck. 

Although pure cellulose has no reducing 
properties, grey cottons of the types chiefly used 
have copper numbers vaiying from 0'7 up to 
about 3, and the methylene blue adsorption 
Is abo much higher than that of pure cellulose. 
The impunties of unknown composition must 
therefore include reducing and acidic substances. 
A wash with water diminishes the copper number 
to 0 3-1 0, but the methylene blue adsorption is 
little affected ; this suggests that the reducing 
and acidiv. propert>es are possessed in the mam 
by different Substances. A mild alkali boil b 
BuflScient to reduce the copper number to 
0 I, bat a more thorough treatment is necessary 
before it becomes too Email to detect with 
certamty. The methylene blue adsorption 
may be diminbhed to about half of its initial 
value by boihng with water at 20 lb. excess 
pressure, and this b accompanied by some loss of 
weight. Progressive increases in the seventy 
of the scour, up to a boil with a 3% solution of 
caustic soda at 40 lb. excess pressure, result 
m progressively lower values of the methylene 
blue adsorption and in progressively greater 
lossw in weight. Boiling at higher temperatures 
results in decomposition of the cellulose. 

continuous fall m methylene blue adsorption 
IS some evidence that the progressive loss of 
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weight ia due to the dissolution of less resistant 
substances rather than to the decomposition of 
cellulose and the dissolution of the decom- 
position products. The methylene blue adsorp- 
tion may be dimmished to 20% or less of its 
initial value, and the total loss of weight increased 
to 9-15% depending on the type of cotton. 
Whether a part of the loss of weight is due 
to substances which arc neither reducing nor 
acidic is not known, but it is probable that no 
sharp line could be drawn between some of the 
more resistant impurities and cellulose itself. 
The impurities which are removed in the scour 
are less stable than pure cellulose and their 
removal results in a lessened tendency to yellow 
u hen goods are stored or heated. 

4. Cotton bleaching operations (hypo- 
chlorite bleach), (a) Singeing and Sleeping . — 
The first treatment given by the bleacher after 
the receipt of woven goods is singeing. In 
this process the cloth, the pieces of which have 
been sewn end to end, are passed over red-hot 
copper plates or through rows of gas burners. 
The surface hairs are burnt off thereby from 
either one or both faces, and the cloth presents a 
smoother, less fluffy appearance. After singeing 
it generally passes into water, and is given a 
steeping process which aims primarily at the 
removal of the size. If water alone is used for 
steeping (rot steeping), it should bo heated to 
35°-40° ; organisms naturally present in the 
water then multiply rapidlj' and secrete starch 
liquefying enzymes, so that when the cloth 
is washed after a day’s treatment a large 
proportion of the starch and some part of the 
impurities natural to the cotton arc' removed. 
The process is both faster and more thorough if 
an amylolytic enzyme is added to the water, 
but care must be talcen to ensure the correct 
temperature and pjj for the particular enzyme 
tised. Under the most - favourable conditions 
the action of the enzymes is complete in about 
20 minutes, and -u-ith the aid of suitable 
apparatus the process may be made con- 
tinuous. An alternative procedure is to steep in 
warm 0’5-l-0% sulphuric or hydrochloric 
acid solution. This process is especially desirable 
if an ash-free fabric is required, and it has the 


further marked advantage of resulting in an 
improved white after a subsequent alkali boil. 
By a suitable choice of concentration and 
temperature it ia possible to hydrolyse the 
starch sufficiently rapidly to make the process 
continuous. Yarn, being free from size, is not 
steeped, but it is sometimes gas singed. 

(6) Scouring . — ^After washing subsequent 
to the steep the cloth passes to the kier boil or 
Seoul'. This aims at removing all the inqmrities 
from the fabric and at so improving its colour 
that only very mild oxidising conditions are 
necessary in the chemicking process. For a 
thorough bleach a caustic alkali must be 
employed, and in practice the choice lies between 
caustic soda and lime. When lime is used in- 
soluble lime soaps arc formed from the saponifi- 
able fats, and this boil must be followed by a 
sour to liberate the free fatty acids and a soda 
ash boil to dissolve them as sodium salts, with, of 
course, intermediate washes. The lime-soda 
ash process has the advantages over the caustic 
soda process tliat the chemicals are cheaper and 
that it jwoduces a rather clearer and brighter 
white. On the other hand, the caustic soda 
process requires only a single boil, and, moreover, 
residues of lime are undesirable in cloth for dye- 
ing or printing. The concentration of lime in 
the scouring liquor is limited by its small 
solubility, and in order that sufficient may be 
present for effective scouring the goods are 
impregnated witli milk of lime during their 
passage to the kier. Lime neutralised during 
the scour is then replaced by the dissolution of 
a further amount. 

During the boil the nitrogenous substances are 
removed readily, but a thorougli treatment is 
necessary to diminish to minimum values the 
amounts of fat and wa.x and of reducing and 
acidic substances. The efficiency of the .scour 
may therefore be assessed by measurements of 
fat and wax content, of copper number, of 
methylene blue adsorption, and of whiteness, as 
well as of wettability, which is dependent on the 
wax content. The following table taken from 
the data of Fargher and Higginbotham ® com- 
pares the results of various single boiling 
treatments. 


Table II. 

Comparison op Boiling Treatments with an American Cotton. 



wm 

Properties of Seourcil Cotton. 

Trc.-ifinenf. : 

mu 

M’ax 

% 

TCitrogcn 

U 

/O 

Copper 

jimnbcr. 

Methylene 

blue 

adsorption. 

Untreated 

Water at 25° 

C hours’ open boil : 

With 0'7% lime .... 

With 1-3% NaXO, . . . 

With 1-0% NabH . . . . 

C hours, 20 lb. pressure : 

With water 
•With 0-7% lime 

With 1-3% Na,CO, . . . 

With 1-0% NaOH .... 

2-4 

50 

51 

5- 2 

4-2 

6- 1 

C'6 

70 

0-49 

0-49 

0-40 

0-49 

0'36 

0-48 

0-28 

0-31 

0-20 

0-194 

0-127 

0-085 

0-03 

1-15 

0-34 

0-08 

0-08 

0-03 

0-17 

0-09 

0-07 

0-01 

IBI 
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During the boil alkali la neutrahaccl, both in 
saponifying fats and in combining vith acidic 
impurities or decomposition products, and 
sufficient caustic must be taken to ensure an 
excess at the end of the boil So.'ips, june oil, 
and many propnetoiy substances aic lecom- 
mended for addition to the kier hquor to assist 
thorough penetration of the material and craulsi 
Eeation of unsapomfiable waxes, and these are 
used to some extent. In many processes two or 
more boils are given, and it is then usual to 
insert between boila not only a wash but also a 
sour and eotnetimea a chcraick. The second and 
ftny subsequent boiU are often milder than the 
first, the caustic being replaced by soda ash or 
even by soap, oi the bod conducted at atmo- 
spheric pressure If air is aIlow«l access to 
material wot wnth alkali, oxidation occurs, 
and It 13 therefore essential to keep the cotton 
entirely below the surface of the liquor 

(c) Chemiekitiff — The purpose of chemicking is 
to destroy the natural colourmg matters which 
are always present m raw cotton and which are 
only partially removed by the previous processes 
It consists of a treatment in the cold with cither 
calcium or sodium hypocblonte. Thu treatment 
involves unavoidably some oxidation of the 
cellulose, and tfcs oxidation must be kept at a 
minimum by careful control of the operation 
It 13 for thia reason that as good a white as 
possible should bo obtained in the scour, in 
order that the chemicking treutnienl may be 
light. 

Successful chemicking depends on the control 
of the pg of the liquor Commercial solutions 
of hypochlorites contain free caustic alkali, as 
do also extracts of bleaching powder, and after 
suitable dilution the is generally about II 
The oxidation of impure cellulose results m (he 
dissolution of acidic organic substances and in 
the reduction of strongly allcalinc sodium 
hypochlorite to neutral sodium chlonde; the 
Pa therefore falls If the pa becomes too low 
the rate of attack of cellulose is increased ; it is 
much greater at Pk ^ than at pj| 11, and if the 
chemick becomes approximately neutral serious ■ 
damage may be done to the material. In this 
respect eodiuiu hypochlorite has an advantage 
Over calcium hypochlorite, as the p„ of the 
former can be buffered at a suitable value by 
the addition of Soda ash. Calcium hypo 
chlorite cannot be buffered m this way, and, 
moreover, generaUy contains less free alkali on 
account of the small solubility of calcium 
hydroxide. Attack of cellulose is faster also at 
higher temperatures and at higher concentra- 
tions of hypochlorite. The correct initial 
cojieentrstmn depends on the thoroughness of 
the preceding scour and on the ratio of chemick 
hquor to cotton, and it should be chosen so that 
Only a small excess w left at the end of the 
operation. The impunties are much more 
rapidly attacked than is the cellulose ; when the 
initial concentration is suitable it rapidly laHs 
to a low value, and the cotton can then be 
safely left for some hours to ensure completion 
of the process. 

5. Cotton bleaching plant, (a) The A'ler.— 
Cotton scouring is conducted m large iron boilers 
or kiers, the usual capacity of which is 1^ tons 


of cotton ; the form depends on the structure of 
the cotton material and on whether the scour is 
to be under pressure or open. The important 
featuies are the means of maintaining the 
correct tempeiature and of securing relative 
movement between the liquor and the cotton 
and thus adequate treatment of all parts of 
the latter. Heating by steam, eithei open or 
closed, and continuous movement of either 
liquor or material arc universal. 

A simple form of kier is that illustrated in 
Fig 1 and made by Messrs. Jnekson and 
Brother. 

It consists of an upright cylinder closed at 
the bottom, and provided with n filsc bottom 
and a vertu.il pipe up the cenire. The cotton 
IS piled on tin* f.iNc iMitlnm anil covered with 



liquor Live steam is then blown in through 
the pipe at the bottom and forces the liquor 
up throi^h the central (or puffer) pipe and on 
to the top of the cotton ; even distribution 
is assisted by a spreader. The liquo' percolates 
through the cotton and returns to the space 
below the false bottom. The steam is liable to 
lift the charge of cotton and to keep this below 
the surface of the liquor and out of contact 
with the air it is held down by chains secured 
to the wall of the kier. This form of kier is 
i suitable for mild scounng processes. 

In kieis for scouring under pressure it is more 
usual to fiiTulate the Lquor through the kier 
and through an external heater by means *of a 
pump, and the beater is supplied with closed 
steam A kier of this ty pe, made by Messrs 
Ilather and Platt, is illustrated in Fig. 2. 
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When live steam is used the liquor js con- 
tiuuousl 5 ' diluted by its condensation, and the 
original charge. must be small and concentrated. 
Closed steam has the disadvantage that the 
heating up of the kier is slow, and kiers are 
in use which aim at combining the advan- 
tages of these two forms of heating. Advan- 
tages are claimed also for devices which auto- 
matically supply liquor intermittently instead 
of continuously to the top of the kier. In 
Gebauer’s kier the liquor is fed into a narrow 
annular space between the outer wall of the kier 
and an inner perforated cylinder, and the 
ciretdation is horizontal from this annular space, 
through the cotton, and into a central perforated 
pipe. 

In filling these kiers, 5 'arn, in whatever form 
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it may be, is jiaeked in by hand and carefully 
trodden to a uniform density, no that liquor 
penetration will be thorough. Cloth is fed in 
as a continuous rope of ]nece.s .".cwn end to end, 
and also must be carefully packed. A machine 
for piling cloth is illustrated in Fig. 3, the cloth 
being fed in at the top of the apparatus and 
emerging at the bottom. The lower end of the 
tube is given a mechanical motion such that the 
cloth is pjled uniformly over the cross-section of 
the kier. 

The wagon kier. Figs. 4 and 5, is horizontal, 
and the goods are packed into two trucks CC, 
which run into the kier on rails. The kier is then 
closed with the hinged door A, the wagons' 
are each divided into two compartments b 3 ' 
central perforated partitions, the liquor is | 


circulated bj' the centrifugal pump B, and 
passes through the perforated partitions and 
horizontally through the cloth. Two pairs of 
trucks are provided, and the second pair can be 
I'un in with a further load of material as soon 
ns the first pair is run out. The long time 
usually required to empty and refill a kier is 
saved, and operation is almost continuous. 
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Man,v cloths cannot be blenched in rope form 
without developing fold marks or other faults 
which cannot be removed subsequently. They 
must therefore be boiled in open width in kiers 
designed for this purpose. The commonest 



Fig. 4. 


of such kiers is the Jackson kier, illustrated in 
Fig. 6. 

The cloth is impregnated with the alkali 
and batched up on one of two rollers on a 
special frame which is run into the kier ; 
the latter is then closed and filled with caustic. 
The ends of the rollers engage with winding 
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piled down for several hours to complete the 
chemicking process. When chemicking and sour- 
ing are done in this way the cloth is sometimes 
steeped in the continuous piler illustrated in 
Fig. 9. 

The cloth is fed in through the top and fills 
the apparatus. The bottom consists of a series 
of rollers ; these facilitate the passage of the 
cloth, which finally emerges at the lower end. 
The capacity of the apparatus is such that each 
element of cloth remains in it for about 20 
minutes. One such passage is sufficient for 
souring, but two machines in tandem are 
generally used for chemicking. 
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Cloth in open width may be handled in several 
ways. One form of plant, made by Messrs. 
Jackson and Brother, is illustrated in Fig. 10. 



In its passage between two batch rollers, one of 
w'hich is seen in the illustration, the cloth 
passes round the upper rollers, and is sprayed 
with chcmick supplied through perforated pipes 
at the top of the apparatus. The cheinick and 
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acid arc stored in separate wells below the door 
level. ‘ 

Alternatively the chcmick is contained in one 
or more tanks, and the cloth is guided through 
it bj' several pairs of I'ollcis, one of each pair 


being deeply immersed in the liquor and the 
other near to or above the surface. Each 
tank is provided with a few pairs of rollers and 
with a mangle through W'hich the cloth passes 
when it leaves the tank. After passage through 
the machine the cloth is folded or rolled and left 
for several hours or overnight ; it is then washed , 
soured, and washed in similar apparatus. 

Yam packages such as cops are usually 
treated in the percolating type of apparatus, and 
for this purpose they are often packed in 
bags before piling on to the false bottom. 
Machines are also available in which each 
package is placed on a hollow perforated skewer 
I forming part of the apparatus. The chemick is 
pumped through the packages, either entering 
or leaving them through the skewers, and in this 
way thorough penetration is ensured. 

(c) Continuous Si/stems.—The t3’pcs of plant 
so far described for scouring- and chemicking 
are designed for essentially batch processes. 
A number of continuous processes for the 
bleaching of cotton have been described and are 
probably' in use to a limited extent. In all such 
processes the treatments, especially the scour, 
must necessarily be much briefer than in the 
normal batch processes, .and it is therefore 
unlikely that the cellulose can be so thoroughly 
purified. When thorough scouring is un- 
ncccssaiy continuous processing becomes more 
practicable, and a boiling process of this type 
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IS uscxl oil n coti«uIeralle (“cale for cloth. Tliecloth 

iscinilrd b% rollers through n senes oft<»nks«m 

taming the heateJ alkali, whicli may be caustic 
sfxla. sodi a'h, or trnodnim jihosjihate, the last 
named n not wncorumon)> u««l in Anirttca 
C General considerations m cotton 
bleaching.— Tlic bleaching treatment guentt. 
(loth (lepenrU <m the puriiose for uhieh it is to 
be ii'eil When <loth v> to lie iinrketwl white 
anil fiiii«hcil without the aid of hllmg matenals 
the desired handle h obtained solely bj 
mechanical means .A good rcsfion'ie to these 
mechanical fim-hiiig treatments requires the 
utmost {iuiifv U> th( doth -A good awl per 
inanent white also necessitates freedom from 
impuntiM and from or\ cellulose which maj. be 
produced during ehcniieking For suth cloth 
the Bcour must therefore be thorough. Iioth m 
order to secure the ma\imiini removal of 
impurities and in order that a good white max be 
obtained with onl\ a mild (hemicking process 
For this purpose the lime soda ash scour is 
often p'tferrcd rather mote brilliant nhites 
arc obtained than aic jmcaiUe bj the raustic 
aod.v iiroiras Whcthci lime or caustic soda is 
useil the details of the process varv consjder.vbly 
(rum w orks to w orks T5 pical conditions for the 
limo scour are boiling the cloth for C-12 hours at | 
20 lb excess pressure with 35-tiO lb of lime, 
l>rr ton of cloth, followed b} a similar boil 
with about the same weight of soda ash some 
tffttctf u itli tlte arWtfwB of eosrn or otber soaps 
When caustic soda is used the concentration 
of the liquor is If sufficient punfiention 

1m* not been cfTectetl bv the lime and soda ash 
boiN (he lattci ma> lie rejiested. and a sour and 
often aUo a clieniick 11 inserted between the 
boiN. The caustic soda bod aNo is often 
ripcited a ie<ond time, niul s rhenurk and 
tour. A tour atone, or oul\ a wa*li inserted 
lictttcen the bods The iimiihei of bods 
uqiiired dcjicnils iin then effidem}, and is 
iiurcised if piii'iiiv kiirs .ire not available 
The present tiend i* .iwa.t from long processes 
mrliiding manv successive treatments of the 
fsbiie, and towards the use of a few efficient and 
carefullv controlled ojierations It will be clear 
from what Ins been said already that if the scour 
has not been sufliciently thorough it is unwise to 
nttenipC to get n good white hj more severe I 
chemicking , a good w hite can indeed be I 
obtained, but its permanence will be infenor 
owing to the formation of osj cellulose 
When cloth is to bo used for eahco printing, 
the whitenei-s required depends somewhat on I 
the < linracter of the punt , for pale and bnght 
shaiics a good while is nnjxirtant. In all cloth 
fur printing the white must bo stable so that 
It ttdJ not >eItow during the ste.vinmg to which I 
It will 1)0 subjecled. Further reqairemenls are' 
a high and uniform ad«orbeney and freedom 
from impArities which ma> act as monlants 
for certain classes of dies which arc used jn , 
printing Thorough purification of the doth by | 
an cfiiciont scour followed by a carefully eon- ! 
trolled and mild cheinuk is therefore demanded ' 
The bleaching treatment required by cloth 
for dicing vane* more wnlelj with the colour I 
to be u«ed, as there is no uncovered white 
ground us in pniitnig For dark and dull 


shades uniform adsorbenej’ is often all that is 
necessan, and a mild scour vcith soap 01 god.v 
ash or with both and soda ash may then 
suffice without a cheniick. For pale and bright 
shades the requirements ai>proach those for 
pnnung cloth 

In eertavu cases, for e\ample, shutuvgs con- 
taining coloured stripes introduced during 
weaving, goocls containing d^cs have to be 
bleached It is then es'eiitiil to ni oid damaging 
the colour or tiansfening it from coloured to 
uncoloured paits of the gootU Few dyes can 
withstand a boil with caustic soda ; soda ash, 
soda ash and soip. or soap alone must therefore 
be H*ed for scouring, according to the fastness of 
the dyes Store dependence must then be placed 
on the chennek to secure the desired degree of 
white The presence of d>es, however, 
necessitates sjiecial care m chemicking in 
ordei to avoid injuring the shades Careful 
control of the Pr is paitieularly important, as 
man> d.vcs which are little affected by dilute 
h.i jioelilontes nt Pr 11 arc giealJ> rhanged in 
colour if the solution approaches iieutiality 

7. Peroxide bleaching of cotton. — In 
recent jears there has been a consilerable 
increase m the use of peroviclcs as o\idi‘ing 
Agents 111 place of hvpochlorites. This has been 
es]>eeiaUv the ease in Germanj and in America, 
and this replacement has been facilitated by the 
manufacture of stable 100 volume hydrogen 
poro\tf/o For h}osrhiitg cotton this is iWoted 
w ith the addition of a mild alkali such as sodium 
metasilicatc or sodium phosphate, hodium 
peroxide is used in a similar manner, but it is 
dissolved in an equivalent amount of sulphuric 
acid or the solution m water is neutralised with 
I sulphuric acid before the addition of the mild 
I alkali The bleaching operation i* carried out 
I at or near the boil 111 an ouhnnry kier The kier 
'must, however, first he lined with cement and 
sodium MhcAtc or with a similar prepaiatioii, 

I becau'e m the presence of hcav v metals cotton 
I IS rapidlj dcstrojed by hydrogen peroxide, 
j AAhenthesole bleachingtreatmentgnentothc 
cotton IS a boil w ith peroxide and sodium silicate 
theic 13 a considerable conservation of weight 
as compaied with a caustic soda or a lime soda 
ash bleaeh The goods are, however, less 
wettable and the white is poorer ; they can 
bare, therefore, only a limited application. 
When the peroxide treatment is preceded by a 
pressure caustic soda boil the cost is greater and 
the advant.age of a ronsenabon of weight is 
lost , the goods can, however, still be scoured 
and bleached m the s.ame vessel, and this 
results in some economy of handling and in a 
fuller utilisation of the plant. 

Peroxide bleaching has a marked advantage 
for the bleaching of colouicd stripe goods. The 
vat dyes commonly used for these stripes are 
liable to bleed during an ordinary scour because 
they are reduced to ihesoluWoIeuco compounds 
by impure cellulose in the presence of alkali. 
Such bleeding is avoided when the scour and 
bleach arc combined by the addition of a 
peroxide to the kier liquor. The value of this 
procedure is one of the causes of the recent rapid 
progress of the peroxide method Where this 
process is used for coloured goods it is likely to be 
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extended also to whites in order to avoid the 
use of two separate processes, and this may be a 
reason for its extensive use for white bleaching in 
America, It is probable that hypochlorite 
bleaching is more efficiently carried out in the 
British cotton industry than elsewhere, and 
this fact, together with the high quality of the 
bleach demanded for a large proportion of the 
goods and the higher cost of pero.xide as com- 
pared with hypochlorite, may be responsible 
for the comparatively infrequent use of peroxides 
in this country. 

I.INEN. 

Linen, like cotton, is composed cssentiallj’ 
of cclhdose. It is, however, a bast fibre com- 
prising about 75% of withered flax stems, and 
the various fibres in the stem have first to be 
separated from one another and from the 
remainder of the stem by a process of retting. 
This usually involves baeterial action ; an 
alkali boil separates the fibres much more 
rapidly, but also removes natural wax and 
renders the flax more difficult to spin. When 
retting has proceeded far enough the fibres 
are separated by processes of beating (scutching) 
and combing (hackling), and are then ready for 
spinning. In this condition linen contains about 
30% of non-cellulosio material consisting of 
wa.xes, proteins, pectins, lignins and hemi- 
celluloses. Green linen is thus much more 
impure than is grey cotton ; moreover, the fibres, 
unlike cotton hairs, have no cuticle, and this 
apparently renders them more liable to chemical 
attack. These factors condition the differences 
between the processes of bleaching linen and 
cotton, both of which aim at removing impurities 
from crude cellulose. 

Linen cannot withstand the high pressure 
caustic soda boils used for cotton ; the pressure 
is limited to 5-10 lb. and for yarn the alkali is 
restricted to sodium carbonate containing 10% 
of caustic soda. The whole of the impurities 
cannot be removed by one “ turn ” of the cycle — 
boil, chemick, sour — and for a full bleach at 
least three turns are required. The chemicking 
proeess in the first turn for linen yarn differs 
in essential particulars from cotton chemicking. 
The hanks are placed on square wooden reels 
over the tanks, so that their lower ends dip into 
the chemick. The reels are slowly revolved, the 
direction of rotation being automatically changed 
at regular intervals. The yarn is thus alternately 
exposed to the chemick and to atmospheric 
carbon dioxide, and the liquor tends to become 
less alkaline. Since cellulose is rapidly attacked 
by chemick -when nearly neutral it is probable 
that this process is occasionally responsible for 
damage to the linen. It appears likely that one 
function of this reeling process is a chlorination of 
ligneous impurities, resulting in their dissolution 
in a subsequent alkali boil ; chlorination would 
be assisted by acidification of the chemick. 
Lunge proposes to acidify with acetic acid instead 
of with carbon dioxide, to avoid the precipitation 
of calcium carbonate. Reeling must be carefully 
conducted or the yarn becomes stayed (hairy) 
and is then difficult to wind. The process is not 
repented a second time, subsequent chemickings 
being steeping 2 )roeesses. 


The grassing of linen, that is, its exposure to 
the weather in fields for several days, is still 
commonly practised, though its use is diminish- 
ing. This treatment is interposed between the 
boil and the chemick, but its function is not 
clear. 

The chemical control tests used for linen 
bleaching are somewhat different from those 
used for cotton. The viscosity test is not so 
easily carried out, as the large amount of 
insoluble impurities necessitates the filtration 
of the solution of linen in cuprammonium. 
For this reason the degree of chemical degrada- 
tion is frequently measured by the solubility in 
caustic soda at 15'’ under standard conditions. 
This measurement is easier than that of viscosity, 
but is stated to be less reliable. The quantity 
of non-cellulosie substances remaining is 
measured by the alkali solubility number, that 
is by the i)ercentage dissolved by boiling 
eaustie soda under standard conditions. Raw 
linen reduces alkaline copper solutions, and a 
high copper number may therefore be due to 
residual non-cellulosie substances, or to degrada- 
tion of the cellulose, or to both causes. 

Linen Yarn Bleaching. — Complete purifica- 
tion of linen results in a loss of weight of 25-30%, 
and many processes are therefore in use which 
aim at conserving a part of this weight whilst 
giving as good a quality of material as is then 
possible. 

For the highest quality of fabric the linen is 
boiled as yam and the bleaching is completed 
after weaving. In the boiling i)rocess soda ash 
containing 10% of caustic soda is used. The 
kiers are similar to low-pressure cotton kiers, 
and are operated at about 5 lb. excess pressure. 
After boiling, the yam is washed in the kier, 
and the loss of weight at this stage is 15-20%. 

The process of “ creaming ” aims at a minimum 
loss of weight. Yam so treated is used for 
poorer qualities of cloth, and receives only a 
light bleach after weaving. The yam, after 
being boiled for an hour ivith about 5% of soda 
ash containing 10% of caustic soda, is washed 
and reeled, and the resultant loss of weight is 
about 10%. For intermediate qualities of 
cloth the yam bleaching process is carried 
further. For half, three-quarter and full whites 
the yarn after treatment as described above is 
reboiled in a weaker alkali solution (scalded) 
and re-chemicked by steeiiing. These processes 
may be rejjeated, and the desired whiteness 
is obtained by varying the severity of the treat- 
ments and the number of repetitions. For a 
full white the loss of weight is about 20%. 

• Linen Cloth Bleaching. — inien bleached as 
cloth, linen can be somewhat more drastically 
treated than is advisable for yarn, and for the 
first boU either lime or caustic soda is used. 
When lime is used it must be followed by a sour 
and a soda ash boil, as with cotton. Cloth is 
always cheraicked by a steeping process, and 
the plant used for boiling, chemicking, and 
souring is similar to that used for cotton. 

A full bleach for cloth woven from unboiled 
yam consists of the following sequence of 
operations : 

1. Low pressure lime or caustic soda boil. 

2. Sour. 



BLEACHISG. 


3 One or tsvo Io« pre'-ure Loila with caustic 
»o<la anJ re«m foap, niiMic soda i>lone. or soda 

^4 Gras* foi J-7 tii.'-Ji '. 01111115 to the weather 
5 CLeiuicL 

C Sour . , , 

7 Low pre*«urc boil with cati«tK soda 01 soda 
ash. 

9 Chcmick 

U nccc*s3f7 , the c^oth aiax then 'be /wbbed 
between boards to reiiiO\e iindestrojed brown 
particles of ligneous matter (s^rtfs). and the 
operations of gra'smg ehemickmg .and sourmg 
repeated The fabnc is well washed between 
each chemical treatment 
Bhen the cloth has been woven from bleached 
jam the cloth bleaching processes aie reduced 
in number and ecventv according to the 
thoroughness of the jam bleaching process and 
theciuabtv of cloth required 

The half ble.aching processes so far considered 
conserve weight ai some sacrifice of the quality 
of the bnen A process patented in 1023 * 
claims to reduce the loss of w eight by half w ith- 
out ndver*elj affecting the stability of tbc 
white or the wearing qualities of the mateml. 
This IS achieved bj remoTing thoroughly the 
wasc«, proteins, pectins and ugnins by special 
processes, but leaving the heroieellulosca 
Oils, fats and waxes are removed by extraction 
with an organic solvent, and the go^s are then 
scoured with lime or with a caustic alkab in 
the cold or at a temperature below the boiling* 
point Normal methods of chemicking are 
used. Procc*ses of this tjpc arc now worked 
on a considerable rcale, and tbc resulting 
matrnal finds a wide apphcvtion 

out 

In its natural condition wool contains a large 
proportion of foreign material, ond this is 
generallv removed by a scouring process before 
the mechanical treatment of the fibre begins 
To facilitate the procc«aes leading to the 
conversion of the loose wool into jam the fibre 
IS oilctl, and jam which is not to be used for 
weaving is therefore frequentlj* re scoured 
Cloth also needs to be rc-scoured because it is 
gcterallj woven from un«courcd jams and the 
warp size has also to be removed. The final 
whitening or true bfe.iehing process u earned 
but on the scoured J am or cloth 
The total amount of impurities in raw wool is 
verj variable, ami figures ranging from 15% 
to b 0 % of the weight of the Uecce aro given. 
These impunlies consist partly of dirt, earth and 
vegetable matter, and partly of yiAl, this 
last being niatena! eecreted by the animal. 
The amount of jolk vanes consideniWj', and it 
sometimes exceeds the weight of the purified 
fibre. This sccntion is readilj* divided into 
two parts, namelv, the portion which is soluble 
in water and ta known as suinf, and the wool 
fat. 

Suint is dried wool perspiration, and consists 
in the mam of the potassium salts of a varietj of 
aliphatic acids and of potassium carbonate. 
Wool fat is insoluble m water but soluble la 


most organic solv ents It consists of the 
cholesterol and isoeholesterol esters of fattj 
acids, as well as of a certam proportion of these 
alcohols and acids m the free state. The melting, 
point IS 40''-15“ ; it is saponified onlj’ with 
difficulty but 18 easily emulsified. 

Purified wool fibre consists ehicflj o! keratm, 
though apparently it contains also 1-2% of 
wool gelatin, soluble in hot vvater. Keratin is a 
protein, and contains a small and variable 
percentage of sulphur. ^Vhen heated with 
water wool Iwcoures eoit and plastic, and it h 
dissolved by boding dilute caustic soda. Even 
frodiuni carbonate weakens the hairs and spoils 
their appearance unless it is cool and ddute, but 
weaker alkalis such as soap, ammonia and 
ammonium carbonate have no action at 
ordinarj concentrations. Woolis comparatively 
resistant to acids. 

Loose-wool scouring. — The object of scour- 
ing loo^e wool IS to remove the j'olk, dirt, ete., 
and so leave the fibre m a better condition for 
spinning and subsequent proces«e9 When wet, 
wool IS ea«dj' felted or matted, and on this 
account it must be kept as open as possible and 
mechanical handling must be limited m amount 
and suitable in character , frequent squeezing is 
not peimissible Wool fat cannot bo saponihed 
bj anj' process that can bo applied to wool, and 
It IS therefore removed either bj' emulsification 
with weak alkalis such as soap or by solvent 
eatnetton .Vuci of fie ibrfzs cemenied to fie 
fibre bj the w ool grease and falls off w hen this is 
removed. 

Scouring vitli Soap.— Loose wool » usually 
scoured with warm soap solutions, which 
dissolve the suint and cniuKifj the wool fat. 
The auint majq hovv c\ cr, be remov cd previously 
bra warm water wash. This proe^urehas the 
advantage that the scouring liquor ia less rapldlj 
fouled, but It mtrodiicea an e\tra opciation with 
Its attend-ant costs The wool is washed in 
several portions of water operated on the 
counter cuirent principle, or the vvater may be 
spraj cd on to the w ool supported on a travelling 
lattice. Bj evaporating the wash water and 
calcining tlio residue, potassium carbonate, 
containing only a small proportion of the 
sodium salt, is obtained. The process lias the 
furthci advantage that loose dirt 13 removed, and 
the formation of an emulsion m tbc soap solution 
13 thereby facUitatcd. 

Scounng is performed iq a senes of long 
rectangular vessels, termedwash-bowls, 30-40 ft. 
in length and holding up to 2,000 gallons of 
bquor. The essential features arc a <lcv iic for 
fewing in the wool, on inner tank with a 
false bottom or pciforatcd vvalls to allow heavy 
dll t to escape, a sj stem of inechannully ojitraf ed 
rakes to move the wool slowjy along the bowl, 
and a pair of squeeze rollers at the exit end to 
express most of the dirty liquor from the wool. 
One such bowl is illustiated- in Tig. 11. It 
consists of a rectangular trough A, with ft bght 
frame B suspend^ over it by chains and 
caiTjuig a stnes of transverse, fi-vt-d, vertical 
takes or combs C. The Vvool, either m its 
taw condition or after steeping, is spread evenly 
on the moving endle«s apron or feeder I) : 
thus It IS introducetl coutinuouslj' at out 
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end of the trough. By suitable mechanism the 
frame is lowered, and the wool is pressed at once 
beneath the surface of the scouring liquor by the 
perforated tray or sieve E. When the frame is 
lowered sufficiently it moves forward, the 
rakes carrying the wool gently towards the other 
end of the bowl. When the forward stroke 
is completed, the frame is lifted up, the rakes 
rise vertically out of the liquid, and the frame 


returns to its original position. By these 
successive movements the wool is passed 
slowly through the scouring liquor. At the 
delivery end it is carried up the inclined plane E 
by the rakes fixed on the small frame G, which 
is hinged to the larger one. Having been 
pushed over the ridge, the wool slips down 
between the squeezing rollers HH, ready to be 
passed through a second similar bowl. 



The working of the machine as_ described 
above is suitable for Botany and other fine 
classes of wool. When washing low Cape, 
River Plate and similar wools, which contain 
much dirt and sand, an additional movement 
is given to the rakes while in the liquor. This 
is effected by having the rakes fixed in a second 
frame 00, which receives a slight backward and 
forward movement by means of the rod 0 and 
the cam K during the inward movement of the 
main frame BB, to which it is attached. By 
this means the wool is opened out slightly 
and agitated, and the sand and dirt fall through 
the perforated grating LL. When the scouring 
liquor becomes too much soiled for further use, 
the steam injectors MM are brought into action 
in order to stir up all the sediment, and the 
dirty liquor is run off by the plug hole N. Many 
modern machines are provided with means of 
discharging the dirt from the bottom con- 
tinuously. Generally three or more such bowls 
are placed in line so that the wool passes auto- 
matically from one to the other. 

The soap used in scouring must be soluble and 
have a high emulsifying power ; it should be 
free from an excess of either alkali or fat. 
Additions of soda ash are frequently made to the 
bath, but it is preferred to start with a neutral 
soap and to make any additions that may be 
necessary. Olive oil soaps are probably the 
best, but soaps from other oils and fats are also in 
use. The water should be soft. 

The compositions of the scouring liquors 
depend on the number of bowls, the quality of 
the wool, and the amount of impurities to be 
removed. If only three or four bowls are 
available the first may contain 0"5-1-0% soap 
solution. Generally soap alone is inadequate for 
efficient scouring and some sodium carbonate 
is added ; this increases the emulsifying power, 
but the emulsions formed are less stable. 
Most waters are more or less hard and earth dirt 
also tends to precipitate soap ; some addition of 
alkali is advisable on these accounts. The 
scouring temperature should not be above 60°, 


but it appears to be desirable that it should be as 
high as the melting-point of the wool fat, namely, 
40°-46°, and this is especially so when much fat 
is present. In general the finer the wool the 
lower shoidd be the temperature and the 
smaller the amount of sodium carbonate. The 
conditions should be as mild as is consistent with 
efficient scouring. Excessive scouring results 
in partial hydrolysis of the keratin, loss of 
sulphur, modified affinity for dyes and diminished 
strength. Probably there is always some loss 
of strength, but this should be kept at a 
minimum. Formaldehyde or other substances 
are added sometimes as protective agents. 
When five or six bowls are available and the 
wool has not been washed it may be preferable 
to have sodium carbonate only in the first 
bowl, as the presence of much dirt tends to 
break soap emulsions. 

In the later bowls the temperature is often 
lower than in the first, and the -last bowl 
contains rinsing water at about 30°. Thorough 
washing is necessary as any alkali left in the 
wool results in yellowness. When more than 
one bowl contains soap and sodium carbonate 
these may be operated on the counter-current 
principle. 

Wool removed from the skin by hming.. that is, 
slipe wool, always contains lime, and preferably 
it is -washed with acid before scouring. If this is 
not done the precipitation of lime soaps may be 
avoided by the addition of sodium meta- 
phosphate to the scouring liquor, or by using 
only sodium carbonate and a little caustic 
soda in the first bowl. 

Suinl Scouring of Wool . — It has been stated 
that suint consists chiefly of the potassium salts 
of aliphatic acids, and it may be used to replace 
soap in scouring. In this process at least four 
bowls are required. In the first two no soap or 
soda ash is used and the temperature is 60°. 
At this temperature the wool fat emulsifies, and 
about half of the fat is removed in the first 
bowl and a farther quarter in the second. 
The third bowl contains a weak soap solution and 
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removes the remainder of the fat, -whilst the I 
last bowl IS a -Hater rinse As far as possible I 
the composition of the liquid in each bowlis kept I 
constant, and a continuous sjstem is theicfote 
preferable to one in which the bowls arc emptied 
and rehlled periodically The liquor from the 
first bowl is punficil and returned (o the systein 
Ihinfication mai bp elTcotcd bv centrifoging, 
but this IS expcnsi\c In another method 
sedimentation is asanted bv de aerating the 
liquid by exposing it to a laeuum, and an 
amount of acid is then added which is insufficient 
to precipitato the Whole of the oi^anic aends 
The bquor is then neutralised before i* 

As compared w ith w ool scoured with soap and 
soda ash, wool scoured with suint in a con 
tinuous sjstem is stated to be brighter and 
whiter, and to be more free, open and lofty 
The cleaning is more uniform and less attention 

15 required, and there is an economy in soap and 
alkab 


JSemnng H'ool Kilh VoJalile iSolienli ~A 
number of sv stems arc aiailable for rcmoiing 
the wool fat by extraction with a xolatile 
organic soUent. Such procc"'es do not remoie 
the suint. and they are followed by a mild warm 
scour The wool fat and suint are thus 
ofitainerf separately, and the fat and potassium 
carbonate can be readily recox ered for sale. 
The adsantages of the system are stated to be 
that a higher weight of clean fibre is obtained, 
that no matting, felting or fibre breakage 
occurs, and that there is no danger of alkali 
damage. On the other hand, the plant is 
expensive, and when the solvent used is inflam- 
mable there is risk of fire. The process is 
used on a considerable scale m America, employ- 
ing light mmeral oil, but is less used in 
England. 

Various types of apparatus have been 
designed for carrj-ing out the process. In some 
forms of plant the extraction takes place in a 
centnfiiga! machme, and the residual solvent is 



driven out with water or is dried off with an 
inert gas. Alternatively extraction takes pbee I 
in a senes of tanks operated on the counter- 1 
current principle. Continuous svstems have also 
been designed, in tme of which the wool is 
camcil through a succession of tanks between 
two endles-s bands of mre gauze 

If wool IS extracted exhaustively with a 
solvent It becomes harsh, brittle and inelasUc. 
but this can be avoided bj' giving it a final wash 
in n liath of solvent containing a small proportion 
of a suitiblc fat or oil 

Carbonisation of wool. — Scouring does not 
remov e entirely the j egetable matter, coDSfisiij^ 
of hurra, etc., accumulated by the Imng animal 
and present m the raw fleece If left in the 
wool burrs cause trouble m spinning and weaving 
and they arc not djed by many wool dyes and 
w may appear as light places in djed xnatcriaL 
They are removed by the process known as 
carbonisation, which consists m trealui" the 
wool with an acid or an acid salt, drjmg, and 
heating. Acids have little effect on wool, but 
vegetable matter is reduced to a friable pow 
der, which can be removed by wasbini; or 
beating. 


The commonest caibonising agent u sulphuric 
acid ; it 13 convenient, cheap, and acts at a 
comparatively low temperature. The wool is 
impregnated with a 2-5% solution at or near 
the boik and squeezed or hydro extracted to 
remove the hulk of the Lquoi The moist wool is 
then dned at C0°-70'', and heated for a short 
time at a higher temperature, but usually not 
above 105®. >Sulphnnc acid may be replaced by 
magnesium or nlurainium clilondes, or by 
hyilrogen chloride After carbonisation the 
xegetable matter is removed by beating or 
Washing, it is advisable to remove the acid bv 
s Wash wilb sodium carbonate, or the material 
may djeunev only. 

IjOOse w ool IS usually cai boniscvl after scouring. 
If carbonised before scouring the suint should be 
'ashed out or it will nentrall^e the acid. For 
vciy burry wool it is recommended to carbonise 
m the grease, as this acts as a protection to the 
'ool. Cloth may be impregnated and squeezed 
or centrifuged m the rope form, and then 
Opened out for drying and heating, or it may he 
treated throughout in the open width 

Eig. 12 illustrates a machme made by 
Messrs, William Whiteley and Sons for steeping 
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loose wool in acid, and its action is in many 
respects similar to that of a scouring machine. 
After steeping, the excess of acid is squeezed 
out by means of a mangle at the exit end of the 
machine, and the wool passes to the carbonising 
apparatus. This may consist of a single 
chamber, but frequently two ■ chambers- are 



Fig. 13. 


preferred. In the latter ease the u ool is dried in 
the first chamber, and in the second chamber it is 
heated to a higher temperature to carbonise the 
vegetable matter. Fig. 13 shows the con- 
struction of a machine made by Messrs. Petrie 
and McNaught. 

The chamber is heated by a current of hot 
air, and the wool is fed on to the uppermost of a 
series of shelves, the end of one of which is shown 


in the illustration. Each shelf consists of alter- 
nate fixed and moving bars. The moving bars 
are raised between the fixed bars by the action 
of the machine, carry the wool forward a few 
inches, and then fall again to repeat the operation. 
The material is thus moved along each shelf in 
succession and leaves the chamber at the bottom. 

Woollen yarn 'scouring. — Generally yam 
is woven from scoured wool, but a further scour- 
ing is necessary before certain dyeing operations 
or before bleaching white, in order to remove the 
oil with which the wool has been impregnated 
by the spinner and the dirt and dust accumulated 
during the mechanical operations. The recent 
extension of the hosiery industry has increased 
the frequency of yarn scouring. The amount of 
oil to be removed is 2-5% for worsted yarns and 
10-20% for woollens. The reagents used 
are the same as for loose wool, namely, soap 
with the addition of some sodium carbonate, 
but for worsteds soap alone is often used. 
The temperature should not be above 00°. 

Highly twisted yarn which is liable to curl is 
first given a permanent set by stretching the 
hanks tightly on a frame and clipping them for a 
few minutes in boiling water. The positions 
of the hanks on the frames are changed several 
times and the yarn redipped, and it is then 
allowed to cool in the stretched condition. 

Hanks of yarn may be scoured by hand or with 
the aid of machines. . In the first case they are 
hung on wooden rods so as to dip into the scour- 
ing liquor in a rectangular tank, and during 
15-20 minutes they are swayed to and fro and 
are occasionally turned round on the rods. They 
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are then washed in water in a similar manner. 
When machines are used the hanks may be 
stretched between rods suiiported on the 
machine or moved on a travelling brattice, or 
they may be handled as a chain of hanks tied 
together with' string loops. A three-bowl 
machine of the brattice type, made by Messrs. 
Petrie and McKaught, is shown in Fig. 14. 
The hanks are fed on to the brattice in the 
fir.st bowl, and are sprayed with liquor from an 


overhead bo.v. IVhcn the wool reaches the 
end of the bowl it is carried between two endless 
brattices beneath the liquor twice the length of 
the bowl, and then passes through a jjowerful 
mangle into the next bowl. 

For worsteds and for good class woollen yarns 
the oils used in spinning are of animal oi' vege- 
table origin with not more than a small pro- 
portion of mineral oil, but for yarns of poorer 
quality mineral oils arc more freely used. 
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TLe latter are not only unsaponifiable bnt are 
difficult to einulfify. and their remoTal from the 
■wool has presented difficulties. Trotman rad 
Homer ® find that it is advantageous to add a 
small proportion of a saponifiable oil and to 
increase the -viscosity of the scounng bath, 
they recommend the addition of sodium sihcate 
Speakraan and Chamberlain* show that the 
chief cause of the difficulty is the high interfacial 
tension between mmeral oil and water together 
with the strong adhesion of the oil to wool, 
■which mcrcases with the molecular weight of 
the oil. Efficient scounng requires the p>Tsence 
of 80% of olive oil or of 70% of oleic acid m 
the mmeral oil mL-rture, but Speahxnan and 
Chamberlam find that a much smaller amount 
of a long chain ahphatic alcohol is sufficient, for 
example, 6% of oleyl alcohol Such alcohols 
remam ^solved m the oil durmg scounng, and 
their hydroxyl groups greatly reduce the inter 
faaal tension against water IVitb such an 
addition mineral oils can be removed by 
otdmary scounng methods Sulphonated pro- 
dnets are less effective as additions to mineral 
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oil because they are removed from the oil 
by the scouring bath. A modem tendency is 
to avoid the difficulty by making wool oils selL 
aeourmg, for example, by sulphonation. 

Woollen cloth scouring. — Qoth is usually 
woven from uascoured yam and requires 
scounng to remove the spinning oils and the 
size added to the warp for weaving. The 
usual com 3 >onents of sizes are starches, gums, 
fats and waxes. The scounng agent is soap 
or soda ash or mLxtures of these. ^Vhcn dyed 
yams are present care must be taken to avoid 
Undue bleedmg ; for some dyes sodium car- 
bonate must be avoided and ammonia or 
ammonium carbonate is used. 

The cloth may be handled either in the strand 
or in the open width. For many woollen cloths 
the former is preferred, as scounng is then more 
efficient and a certain amount of felting tabes 
place, which improves the handle. Worsteds 
and such woollens as are hable to crease are 
scoured in the open width A machine for 
this purpose is shown in Fig. 15. It consists of 
two squeezing roliers A and B, placed above the 
wooden trough C containing the sconrmg 
liquor. The roller D serves to draw the cloth 
from the squeezing rollers, and causes it to fall in 


regular folds upon the inclined plane EE. 
T&3 is covered w ith corrugated zme, the grooi es 
of which run longitudinally, in order to reduce 
the friction of the cloth, and to prci ent the 
latter from moving to either side. The upper 
part of the inclined plane is hinged at F, so that 
the inclination of this part can be regulated to 
suit different qualities of cloth, and to ensure 
that it alwajs slips down in regular folds without 
any tendency to fall over or to become blocked. 
The perforated water pipes GG are for the 
purpose of washing the cloth after scouring. 

Woo! bleaching. — Scoured wool has a pale 
yellow colour and the remoial of this is the 
purpose of the bleaching proper. The required 
white IS obtamed by the leducing action of 
sulphur dioxide either as gas (gas-bleaching or 
storing) or in solution (liquid bleaching), or by 
oxidation with peroxides. Alkaline hypo 
chlorites and chlorme are inapplicable, as they 
rapidly attack w ool. 

Gaa bleaching or 5<oitni;— This consists of 
exposing the scoured and washed woollen 
mafenal while still moist to the action of 
sulphur dioxide m a buck chamber Yarn or 
thick cloth u suspended on poles, the sulphui 
(fi-8% of tbe weight of wool) contained in an 
iron pot >3 Ignited, the chamber door closed, and 
the material is then left exposed to the action of 
the gas for 6^8 hours or even overmgbt. Thin 
cloth IS generally passed in a contmuous manner 
through a similar chamber provided with 
rollers aboic and below ns shoivn in Fig. 16. 
Tbe cloth m the open width enters through a 
narrow sbt at one end of the chamber, passes 
in a ugzag course under end over tbe rol^rs to 
the further end, and then returns and passes 
out by the same sht. The sulphur dioxide may 
be prMuced in the stove itself, but it la prefer- 
able to produce it in a separate furnace and lead 
It into the stove. According to the appearance 
of tbe fabric it is passed through the chamber 
once or several times. 

It IS difficult or impossible to remove the 
sulphur dioxide completely from w ool by a water 
wash, but this may be accomplished by a bath 
of potassium permanganate or of sodium 
peroxide. The white obtained by this process 
13 not permanent but gradually deteriorates, 
especially when the wool » washed with soap or 
other alkaline detergents. To counteract the 
gradual yellowing the goods are generally tinted 
blue or violet with suitable dyes. 

Liquid bleaching — In this process the material 
IS immersed in a solution of sulphurous acid, or 
of Sodium bisulphite and sulphuric acid, or in a 
solution of sodium bisulphite followed by one of 
sulphuric acid. A recent patent * describes a 
modified process which uses partly neutralised 
sulphurous acid, the composition of the bath 
being SO,/NaOH=l/l-25-l-35. Such baths 
may be prepared by mixing sodium sulphite 
and sodium bisulphite, or by adding the 
requisite amount of an alkah such as sodium 
l^dro-xide, carbonate, borate, or phosphate to 
commercial bisulphite or inetabisulphite. A 
suitable concentration of the bath is 2% of 
sulphur dioxide, and the is then stat^ to 
be 6 8. The wool is immersed m this solution 
either cold for periods up to 24 hours or more, or 



BLEACHING. 


17 


at higher temperatures for shorter times, for 
example, 2 hours at 50°. The white obtained 
by this modified process is stated not to 
deteriorate when the goods are washed with 
alkaline detergents. 

Peroxide bleaching . — Bleaching with either 
hydrogen or sodium peroxide has recently 
increased greatly, and it is stated that most white 
cloth now receives some peroxide treatment. 
As in cotton bleaching the bath is made slightly 
alkaline, and the solutions and goods must be 
kept out of contact with heavy metals. Various 
alkalis such as ammonia and borax have been 


suggested, but the best are 'stated to be sodium 
metasilicate alone or sodium pyrophosphate 
together with oxalic acid or sodium oxalate. 
The temperature should be about 40°, but low- 
quality goods may require a higher tempera- 
ture. Por the best white the rvool should ' be 
left acid, and peroxide bleaching is often 
followed by stoving or by a liquid sulphurous 
acid bleach. 

The white obtained by this process is better 
than that obtainable by stoving and is per- 
manent. The highest whites are, however, 
obtained only at some sacrifice of strength, 



and excessive bleaching results in a harsh 
handle. The process is used especially for high- 
class goods and for hosiery. 

Silk. 

Composition of Raw Silk. — Raw silk con- 
sists of a double filament of fibroin covered 
with a laj'er of silk gum ; the gum surrounds 
each of the filaments of fibroin and cements 
the two together. Silk gum consists chiefly of 
sericin, but contains also small amounts of fats, 
of mineral substances, and of yellow colouring 
matters, chiefly xanthophyll. Fibroin and sericin 
are both proteins, but they differ in their content 
of various amino-acids and in their physical 
properties. Neither is attacked by cold water, 
hut when heated with water under pressure 
sericin is dissolved and fibroin also is attacked. 
They are hydrolysed much more readily by 
alkalis than by acids. Sericin is attacked more 
readily by alkalis than is fibroin, and swells and 
dissolves when heated with even such a mild 
alkali as a soap solution. 

Silk degumming. — ^Raw silk is harsh, stiff 
and lustreless, but when the external layer of 
gum is removed it becomes soft and lustrous 
and the dyeing properties are improved 
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[ The substances to be removed include not only 
sericin, but also the natural fats and colouring 
I matters contained in the gum and any fats and 
tinting colours that may have been added by 
the throwster in preceding operations. Care 
I must be taken that the fibroin filaments are not 
attacked, or the lustre and strength of the silk 
will be impaired. 

I Generally silk is degummed as hanks of 
yarn. Degumming as cloth has the advantages 
that the gum protects the silk during the weaving 
process, and that dirt accumulated in this 
process is removed with the gum. It is adopted 
generally when silk is woven in conjunction 
■svith other fibres and for erfye de Chine. Broken 
or tangled filaments that are unsuitable for 
thro^vn silk are utilised by spinning, and for 
such material degumming may precede spinning. 

Much the most usual degumming agent Ts 
aqueous soap solution at or near the boil. The 
water used must be free from calcium or 
magnesium, and if either of these is present in 
the silk it should be rvashed with hydrochloric 
acid before degumming. The soap used must be 
soluble and free from excess alkali. Oleic- 
acid soaps are preferred, and it is stated that 
soaps of unsaturated fatty acids leave the silk 
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m a more lustrous condition tliaii do those 
of the saturated fattj acids Potas^um soaps 
are recommended m preference to sodium soaps, 
hut they have the disadvantage of greater cost 
The Pa of the soap deguinming hath is important 
If It 13 above JO 3 the fibroin la weakened, 
whilst if it 13 below 10 0 deguniniing la too slow. 
During the operation the pjj falJi, but the soap 
bath can be used for the treatment of further 
batches of silk if the pa is first le adjusted by the 
addition of alkali. 

In carrying out the opei ation the silk hanks are 
hung on wooden rods in a soap solution 

This 13 heated 'Bitii steam to the boil, and 
degumming should then be complete m one to 
two hours In some processes the silk is treated 
in a second oi even m a third bath The 
baths may then be w ori.ed on the counter current 
principle, and the individual tieafments may be 
tohoiler During fhe >1011 t'he hanVA ate mwceii 
round on the lods a few times to ensure thorough 
treatment Great care is necessary m the 
mechanical Landhng of the silk as the filaments 
are liable to become disintegrated m places to 
fine fibrils, and the email tangled masses of 
fibrils, known as flocon’, show as light spots in 
the dyed roatenal The used soap solution, 
containing a large proportion of scncin, » known 
as “ boiled off hquor ’’ It is valuable as a 
restraincr to promote the lev el dyeing of silk, 
because it forms stable emulsions in acid 
solutions When boiling is finished the sdk is 
washed in a rer}' dilute solution of soda ash or 
of soda a«h and soap, and then in soft water, 
and finally it is brightened in dilute formic acid. 
Cloth 18 singed on both faces before degumming. 

SilJv whichis resistant to degumming, either on 
account of the thickness of the layer of gum or 
because the filaments have been tightly twisted, 
may be sewn m ba^ and given a further boil 
witn soap, the so caUod “ white bod.” 

With the object of reducing the number of 
flocons by dimuushing the movement of the 
Bilk, this IS sometimes placed in a box with a 
perforated bottom which is fixed over the 
boilmg soap bath. The silk is thus exposed 
only to the foam, and this method has the 
added advantage of economising soap. In 
another procedure the soap solution is sprayed 
over the silk. 

The cost of the soap used in degiimnung is 
considerable and many other alkalis, such as 
sodium hydroxide, carbonate, silicate or 
phosphate have been suggested as alternatives 
They are stated to have the disadvantages of 
being more hable to attack the fibrom and thus 
spoil the lustre, of removing the fats and waxes 
less completely, and of leaving the sdk m an 
inferior condition Degumming can also be 
achieved with acids or with various enzyme 
preparations, but these are less efinient than 
soap and they do not remove f.itty substances. 

Silk bleaching. — The colouimg matters of 
taw silk are chiefly m the gum, and after 
complete degumming the fibre is nearly white 
Further bleachmg is, however, necessarv if the 
Bilk is to be marketed wlute or is to be dyed 
n pale shades. Bleaching may be effected by 
tfTpO'ing the silk while still moist to the fumea 
from burnmg sulphur as described for wool. 


but the use of peroxides u now preferred, 
gtovmg with sulphur has the same disadvantage 
as with wool, namely, that the white so obtained 
js not permanent. To compensate for the 
gradual yellowing, silk bleached by this process 
i3 tinted in pale blue or v lolct shades. 

Bleaching baths of hydrogen or sodium per 
oxide must be made slightly alkaline as for 
other fibres. For this purpose the addition of 
ammonia, soap, sodium silicate, or sodium 
silicate and soap is recommended. Hydrogen 
peroxide is diluted to about 2 volumes strength 
with the addition of the alkali, and, after addmg 
the sdk, IS heated to fi0° ; treatment lasts for 
g-10 hours or ovenught. Silk is sometimes 
stoved befoie treatment with peroxides. 

Slightly acid perborate is stated to be a 
good bleaching agent, but to require careful 
control. 

The. 

ming described above results m a loss of weight 
of 20-30% according to the type of silk, and 
the consumption of soap adds considerably to 
the cost of the bleached material Processes 
are therefore in use which aim either at con- 
serving weight or at economising soap, and the 
latter are used especially for inferior quahties 
of sdk, for which expen»iv e degumming processes 
would be less justified. 

(а) Spun Sili- and ]Va4teStli . — In degumming 

waste silk for subsenuent spinning the soap « 
replaced, either partly or wholly, by soda ash. 
Thus waste silk is boded with a soda ash soludon 
(about 0 2 ^ 0 ) shades 

are to bo dyed, this treatment is followed by a 
boil with a relatively small amount of soap, 

(б) Soaple 5ilL — The term “souple*' is 
applied to Bilk which has been so treated as to 
soften the gum without removing the whole of it. 
The silk IS soaped at -10^ for { hour, and the 
resultant loss of weight is only 5-10%. Sub- 
sequent bleaching is more difiicult than after 
complete degumming, as the gum has to be 
bleached m addition to the fibrom. Sometimes, 
therefore, souple silk is given a preliminary 
bleach m very dilute aqua regia, or in a mixture 
ofsuipburous and sulphuric adds. The bleached 
Bilk u Boupled by boding, for example, with a 
solution containing cream ol tartar, sulphuric 
acid, and sulphurous acid, and it is then w ashed 
and dned. In addition to the conservation of 
weight this process has the advantage that the 
prcxoncc ofguin facihtates subsequent w eigbting. 

(c) £ctu Stlk , — This 13 raw sdk which has 
been washed with a tepid soap solution to 
remove dirt. Such sdk la unsuitable for 
bleaching or for dyeing in colours, and can ho 
used only undyed or dyed black. The loss ot 
weight is 2-3%, and even this loss is avoided 
if the bilk 13 first treated w ith formaldchy de. 

(d) Tuasah Sill. — M’dd silks, such as Tussah, 
ore more strongly coloured and more resistant 
to degumming and bleaching treatments than 
ate the cultivated varieties. Jlore strongly 
allutluie baths are used for degumming, and 
Tussah siik generally’ requires to be boded m at 
Jea«t two baths of soda ash and soap. Even 
when completely degummed it is difficult to 
bleach, and it is used frequently iii its natural 
shade. It cannot be bleached with sulphur 
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dioxide, and the best treatment is a boiling 
peroxide bath. 

Eeferences. 

1 B.P. 221296, 16/6/1923. 
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SR. G. Pargher and L. Higginbotham (J. 
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4 J. B. Speakman and N. H. Chamberlain 
(Trans. Faraday Soo. 1933, 29, 358). 

6 S. E. Trotman and H. Homer (J. Soe. Dyers 
and Col. 1932, 48, 325). A. G. 

BLEACHING POWDER. A white 
powder prepared by the action of chlorine on| 
slaked lime ; the composition is expressed by 
the formula CaCl (0CI),H20 (v. Bleaching). 

BLENAL. Trade name for santalyl car- 
bonate. Inodorous, substitute for santalol. 

BLENDE, from Ger. Blenden, to dazzle. 
Native zinc sulphide. It usually contains iron, 
which gives it a black colour, whence the 
name Black Jack applied to it. An important 
ore of zinc. The sulphur it contains is occasion- 
all}’ utilised in the manufacture of sulphuric acid. 
(For descriptions of burners for this purpose 
see J.S.C.I. 1884, 3, 631 ; 1885, 4, 54). 

BLEU CELESTE v. Blue Ceehlean. 
BLEU DE SAXE, smalt, bleu d'azur, a 
silicate of cohalt and potassium. 

BLIND COAL. A Scotch term for anthra- 
cite. 

BLISTER ST EEL. Bar iron is surrounded 
with charcoal and heated for about 7 days. 
The product is known as “ blister steel.” 

BLOEDITE. A hydrated double sulphate 
of magnesium and sodium, 

Na2lVIg(S04)2,4H20, 

forming water-clear monoclinic crystals, often of 
large size and beautifully developed. They are 
found in the salt mines of Stassfurt and in 
Poland, and in the Punjab Salt Range, India. 
Crystals 16} cm. in length have been found in 
the black mud beneath a crust of sodium sul- 
phate on Soda Lake, San Luis Obispo Co., 
California. Simonyite and astrakanite (from 
salt lakes near Astrakan) are synonyms. 

L. J. S. 

BLOMSTRANDINE. A rare-earth mineral 
consisting of a titano-columbate of yttrium- 
metals, thorium, uranium, etc., occurring as 
orthorhombic crystals in pegmatite veins at 
several localities in southern Noru'ay. The 
large crystals of tabular habit are found in the 
felspar quarries, and those from the island of 
llittero are well known in collections. They 
are brown on the surface, but on a fresh con- 
choidal fracture the colour is black wdth a bright 
pitchj' lustre. The mineral is optically iso- 
tropic, owing to alteration by hj'dration. 
Sp.gr. 4-82-4'93. These crystals were pro- 
visionally referred by W. C. Brogger in 1879 to 
rcschynite (y.a.), an allied species differing 
mainly in containing cerium-metals in place 
of yttrium-metals. More recently, Brogger 
(“ Die Mineralien der siidnorwegischen Granit- 
Pegmatitgange,” Videnskabs-Selskabets Skrifter, 
Kristiania, 1906) has given a detailed descrip- 


tion of this material, and he gives several other 
Norwegian localities for the mineral, namely, 
near Arendal and in Ssetersdal. He interprets 
the complex composition as an isomorphous 
mixture in varying proportions of a meta- 
columbate with a metatitanate ; and for 
another member of the same series from the 
tin gravels of Swaziland, Transvaal, shown b}' 
G. T. Prior’s analysis (1899) to contain more 
columbium witlrless titanium, he proposed the 
name prioriie. These isomorphous minerals, 
blomstrandine and priorite, are respectively 
dimorphous with polycrase and euxenite ; the 
four minerals euxenite-polycrase and priorite- 
blomstrandine thus forming an isodimorphous 
series. 

The name blomstrandine is not to be con- 
fused with the earlier name blomstrandite 
(of G. Lindstrom, 1874), which was applied to 
an uncrystallised hydrated titano-columbate 
and tantalate of uranium with some calcium and 
iron, from a felspar quarry at Nohl, in Sweden 
(v. Betaftte). L. j. S. 

BLOMSTRANDITE u, Betafite and 
Blomstrandine. 

BLOOD is a richly albuminous fluid which 
holds in suspension large numbers of corpuscles. 
The fluid medium in which the corpuscles 
float is called the plasma. In round figures, the 
plasma contains about 10% of solids, of which 
proteins comprise 8, extractives 1, and inorganic 
salts (the principal one being sodium chloride) 
the remaining 1 . The proteins are all coagulable 
by heat, and are named serum albumin, serum 
globulin, and fibrinogen. The last-named is the 
least abundant (0-4%), but confers upon the 
blood its characteristic power to clot or coagulate 
when it is shed. When shed, the blood rapidly 
becomes viscous, and then sets into a jeUy ; the 
jelly contracts and squeezes out of the clot a 
straw-coloured fluid called serum, in which 
the shrunken clot then floats. The formation of 
threads of a soh'd protein called fibrin from 
fibrinogen is the essential act in coagulation ; 
this with the corpuscles it entangles con- 
stitutes the clot, and serum is plasma minus the 
fibrin which it yields. The following scheme 
shows at a glance the relationships of the con- 
stituents of the blood : 

Blood|p^^®“^{Sr 1 , 

(.corpuscles ' 

In round figures, the blood contains 60-65% 
of plasma, and 35^0% of corpuscles. The 
corpuscles are of three kinds, the red corpuscles 
or erythrocytes, the white or colourless corpuscles 
or leucocytes, and some very small particles, 
also colourless, which are called the blood- 
platelets. 

The subject of blood clotting is dealt with in a 
later section of this article (g.v.). 

The white or colourless corpuscles are typical 
nucleated animal cells which have been differen- 
tiated into varieties by their staining reactions, 
the number of their nuclei, and their seat of 
origin (lymphoid tissue, and red bone marrow). 
Their most important property is their power of 
amoeboid movement, by which they ingest and 
subsequently digest foreign particles. They act 
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in tlua way us scavengers (pliagocjtcs), and 
thus confer protection against pathogenic 
organisms {bactena, etc ). 

The red corpuscles are much more numerous 
than the white, averaging in man 5,000,000 per 
cubic mdhmetre, or 4VO-000 red to each white 
corpuscle. It is these which give the red 
colour to the blood They vary in sire and 
structure in different groups of the vertebrates. 
In mammals, they are biconcave (eveept in the 
camel tribe, where they arc biconvex), non i 
nucleated discs, m man 7 8^ in diameter , dunng I 
fatal life nucleated red corpuscles arc, how- 1 
ever, found In birds, reptiles, amphibia, | 
and fishes, they are biconvex oval discs with a 
nucleus , they are largest among the amphi- 
bians Their most important and abundant 
constituent is the pigment hxmoglobin In 
invertebrates this respiratory pigment is usually 
absent, and when present is. with few cveep- 
tions, in solution in the plasma and not in 
special corpuscles In other invertebrates its 
place is taken by other respiratory pgmenta, for 
instance, by the green pigment which contains 
iron and is called chlorocruorin (in certain 
worms), or by the blue pigment which contains 
copper and is termed hemoeyanin (m certain 
crustaceans and molluscs). The vast majority 
of invertebrates have colourless blood containing 
only colourless corpuscles 

Hmmoglobm and the Porphyrins. — 
Hemoglobin contains 0 4% of iron, it and 
certain of its derivatives give characteristic 
nbsorptioa spectra which form one of the best 
tests for blood. It is termed a conjugated 
protein, consisting of a protein (globm) m 
combination with the iron containing material 
termed bicmatin. The molecular weight of 
hsmoglobm has been determined by inde 
pendent methods which have yielded remarkably 
concordant results. Thus Adair (Proc. Eoy. 
Soe 1025, 98 [Bj, G23) deduced &om osmotic 
pressure measurements a molecolar weight 
of 67,000 I Svedberg (Z. pbysikal. Chem. 1927, 
127. 51), from experiments on the rate of aedi- 
mentation of faamoglobin molecules in the ultra 
centrifuge, arrived at a molecular weight of 
63,000 , Northrop and Anson JJ. Gen. il^vsiol 
1920, 12, 543), with the help of the Einstein 
equation and a direct measurement of the 
diHusion coefficient of carbon monoxide- 
hzmoglobin, assign to the protein a molecular 
weight of CS.5O0± 1,000 
A molecule of this order of magnitude is 
required by the currently accepted theories of 
the constitution ofhscmoglobin which appears to 
consist of four hsmochromogen units each 
comprised of hxmatin in association with 
globm, a simple baeic protein. Hsematin la an 
iron compound of protoporphjTin, The latter, 
which contains two unsaturated side chains, 
readily hj drates to yield h^roatoporphynn on 
being liberated from hemoglobin by the 
action of acids. Bv boding dried blood with a 
little sodium chlondo and glacial acetic acid, the 
characteristic brown crystals of hamatin 
hydrochloride or hiemin are readily obtained, 
•ind this is a very convenient chemical test foi 
blood ; it can be performed quite readily on a 
microscope slide, deduced hamatm may be 


prepared from h«min by the action of sodium 
hyposulptute and alkali, and this, in contact 
with denatured globm, yields a hsmochromogen 
with a molecular weight of about 17,000. In 
contact with natural globm hiematin yields 
reduced hmmoglobin. 

By treatment with acid, as alicady stated, an 
iron free derivative of htcmafin is obtained 
called hamatoporphyrin, and in the body certain 
iron-free derivatives somewhat similar to 
hiSmafoporphyrm are formed ; these con 
stitute the pigments of the bile. By the 
reduction of hsematoporphyrin, h*mopyrrol (a 
mixture of pyrrol derivatives) is obtained, and 
the same substances are obtained also from 
phylloporphynn and stioporphyrm, dcnvatives 
of chlorophyll ; this is an intcrestmg fact, as it 
indicates a near relationship between the 
principal pigments of the animal and vegetable 
worlds 

Tor hamin the following formula may be 
retarded as established, Cj 4 H^ 2 ^ 4 N 4 FeCI. 
It IS supported by the aj-nthetic achievements of 
jH. Fischer and Zielc (Annalen, 1929, 468, OS) 

' who have obtained hasmatoporphyrin, proto- 
porphyrin, and lisrom, using as starting material 
deutcroporphj nn. The latter is obtained by 
feiTOcnting fresh ox-blood spontaneously, or 
I with ycost, m on alkaline medium. Deutcro 
porphyrin was converted to its C diacctyl deriva- 
tive, and the latter when boiled with potassium 
hydroxide m absolute alcohol yielded hacmato 
^rpbyrin. At 105°' m a high vacuum the 
free haematoporphyrin was conrerted absoist 
quantitatively into protoporphyrin identical 
with that derived from the bsmoglobin of blood 
The action of hydrogen iodide in glacial acetic 
, acid on the synthetic hematoporpnyrm hydro- 
chloride yielded mesoporphynn, the fully 
hydrogenated homologue of protoporph^in, 
whilst from the synthetic preparation of the 
latter, hsrom has been obtained by the standard 
netb^s. 

The loter-relationshipa of these porphyrins are 
shown by the skeleton structural formula given 
below, whilst the probable positions of the 
substituent side chains in the porphyrins men- 
.aixw#; jvnd jJjtp .ip ,svttfinnyib,>:«n 
obtainable from chlorophyll, arc indicated 
in the appcndeil table, the numbers 1-8 corre- 
sponding to the positions marked in the 
skeleton formula : 



Haniogiobin is crystaUisahlc. From diffeiciit 
animal species distinctive crjstalLne forms of 
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The Substituent Side-chains of the PoErnyEiNS. 



1 

2 


4 

5 

G ' 

' 7 

8 

JEtioporpliyrin 

C2H5 

CH3 

CH, 

C,H, 

CH3 

C-.Hs 


CH3 

Ueutcroporphyrin 

H 

CH3 

CHj 

H 

CH3 

CH2.CH2.COOH 

cH2.cH2.cooH 

CH3 

Protoporphyrin . 

CH : CH, 

CHj 

CH3 

CHjCH^ 

CH3 

CH2.CH2.COOH 

cH2.cH2.cooH 

CH3 

Mesoporphyrin 


CH3 

CH3 


CH3 

CH2.CH2.COOH 

cH2.cH2.cooH 

CHg 

Ho’Uiatoporphyrin 

CH(0H)CH3 

CH3 

CH3 

CH{ 0 H)CH 3 

CH, 

CH3.CH2.COOH 

cH2.cH2.cooH 

CH, 


liajmoglobin liave been obtained. In this con- 
nection the detailed studies of Reichert and 
Brown should be consulted (“ The CrystaDo- 
graphy of Hemoglobin,” Pubh'cation No. 116, 
Carnegie Inst, of Washington, 1909). 

Physiology of Blood, — During life the blood 
is in constant movement (circulation), and it is 
owing to this circumstance that it supplies the 
tissues with both nutriment and oxygen. The 
products of protein and carbohydrate digestion 
pass directly from the alimentary canal into the 
blood-vessels ; the fat reaches the blood indirectly 
by the lymph-stream. The blood, however, 
does not, except in the spleen, actually bathe the 
tissue elements ; the middleman between blood 
and tissues is a fluid called lymph, which 
exudes from the blood through the thin walls of 
the capillary blood-vessels. The lymph thus 
supplies the tissues with material for their 
repair or for storage ; it also removes from the 
tissues the waste products of their activity ; 
it is collected by lymphatic vessels which 
converge to the main lymphatic channel called 
the thoracic duct, This^ opens into the large 
veins near to their entrance into the heart, and 
thus the lymph is returned to the blood, and the 
waste products are then conveyed to the various 
organs (lungs, kidneys, skin) by which they are 
discharged from the body. 

The function of blood as an oxygen carrier is 
dependent on the presence of haemoglobin. 
Oxj’gen passes by diffusion into the blood 
of the lungs, where it comes into contact with 
the pigment, and with which it forms a loose 
compound called oxyhaBmoglobin ; this bright- 
red arterial or oxygenated blood passes to the 
heart, and is thence propelled through the 
arteries all over the body ; in the tissues, 
where the oxygen tension is very low, oxyh®mo- 
globin is dissociated, and the oxygen passes into 
the plasma, and again reaches the actual 
tissue elements via the lymph. The reduction 
of o.\'yh®moglobin changes the colour of 
the blood to the darker tint which it has in the 
veins, by which vessels it is carried back to the 
heart and sent to the lungs for a fresh supply of 
oxygen. The venous blood is also rich in 
carbon dioxide, which finds an exit from the 
blood in the lungs into the expired air. It is 
probable that a small proportion of this carbon 
dioxide is carried in direct combination with 
h®moglobin and other proteins,’ but the great 
bulk of the gas is carried in the form of car- 
bonates in the blood-plasma. 

The amount of respiratory oxygen carried 
by the blood pigment is 1-34% oxygen per gram 
01 hoemoglobin. This ean be replaced by 


equivalent amounts of such gases as carbon 
monoxide or nitric oxide. These compounds are 
more stable than oxyhiemoglobin, and the gas is 
not removable by the tissues ; hence in coal- 
gas or exhaust-fume poisoning the colour of 
the blood is equally bright in arteries and 
veins, and the cause of death is oxygen starva- 
tion. 

Technical and Commercial Uses of 
Blood. — Passing now to the technical and com- 
mercial aspect of the case, the uses of the blood 
come mainly under four headings ; (1) as food ; 
(2) as manure ; (3) as a clarifying agent ; and 
(4) as a drug. 

(1) As Food. — ^Blood as such is only used as 
food by savages, and attempts have been 
made to utflise dried defibrinated blood as a 
commercial food product without any great 
success. It, however, forms an important con- 
stituent of certain articles of diet, of which 
black pudding and the German Bhdvmrst 
(blood sausage) are the best known. In the 
preparation of these pig’s blood is most commonly 
employed, and they are of high nutritive value, 
(h’or the composition of various kinds of Blut- 
wurst, see K6nig, Chemie d, menschl. Nahrungs 
und Genussmittel, Berlin, 1904, 525 ; Pott. 
Handb. d. Tier-Ernahrung, iii, fil'd, 1909 ; E. 
Schmidt, Lehrb. d. pharra. Chem. ii, 2, 1833, ' 
1901.) 

(2) Hs Manure. — ^Dried blood, the so-called 
blood-meal {Blulmehl), is extensively used as 
manure, and may be placed directly on the land, 
or, more frequently, is mixed with super- 
phosphates. It is a brown powder with a glue- 
like smell, and must be kept in dry places to 
avoid putrefaction. It is valuable on account of 
its high percentage of nitrogen (11-8%) and of 
phosphorus (1-2%). Numerous patent manures 
contain a certain proportion of blood. (For 
details, see Konig, l.c. 496 ; Merck’s “ Waren- 
Lexicon,” 5th ed., art. Blut.) 

(3) As a Clarifying Agent.— Blood is employed 
in the same way as are milk, gelatin, and 
albumin, as a clarifying agent for wines, syrups, 
and similar liquids, in the proportion of 150- 
200 e.c. of blood per litre. The clearing action is 
due to the proteins present, but used in this way 
there is considerable danger of infection, as also 
is the case for milk. Dried blood or the dried 
blood-albumin is therefore preferable. Blood- 
albumin is prepared from the serum drained off 
from the clot ; the product is really dried 
serum, as the proteins are mixed with the 
other constituents of that fluid, and the word 
“ albumin ” ■ is used as synonymous with 
“ protein ” and not in the correct chemical sense. 
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It has the adrantage of being conaideraWy 
cheaper than egg-albumm, for the total blood of 
an 01 will yield 750-800 g. of the dried prodoct, 
a good-sized calf will yield 340-400 g . and a 
sheep about 200 g. (se< Merck, I e., art. Blut- 
albumin). 

(4) Tie TheraptiUic Uses of Blood and Strum — 
The high autntiye valne of blood taakes jt a 
valuable drug in the treatment of ansenua, 
and certain patent medicmea sold underthename 
of hsematoge-i consist very largely of Uood 
mixed with suitable flavouring and preservative 
agents A stiU laiger practical use of blood 
products (serum therapy) has been the outcome 
of work on immumty, m which the names of 
Eicbet, Ehrlich, Behnog, and Boux may be 
mentioned as those of pioneers. In connection 
with these and similar problems reference may 
be made to “ Vaceme and Serum Therapy ” by 
Fleming and Petne, 1934 (Churchill, London), 
and to " Hsmatology,” by Piney, 1930 
(Churchill, London). 

Miscellaneous Uses of Blood. — Blood is, 
or has been, employed is a number of industrial 
processes, e ^ as a medinm for pamts (Johnson, 
B P. 82, 1883) , in the preparation of adhesive 
cements , as a precipitant of sewage in the 
alum, blood, and clay process ; and in the 
manufacture of pure ammal charcoal. 

Tests for Blood. — It is often necessary, m 
medico legal practice, to be able to identify 
blood stauu on garments and mstnimente 
If the blood is fresh, a microscopic investigation 
reveals the presence of corpuscles, and an 
aqueous extract will show the typical absorption 
bands of hemoglobin with the spectroscope. 
The best chemiccJ test is the formation of hsmm 
crystals already desenbed, and is given by quite 
small quantities of blood, even u it is old and 
dry. llTien the blood is dry, and small quan* 
titles only are present, the most delicate spectro- 
scopio test consists in dissolving it in dilute 
potash with the aid of heat, and then adding 
a drop of a reducing agent such as ammonium 
sulphide ; the two absorption bands of reduced 
hamatm are then seen, one about half-way 
between the D and E lines, and the other just 
on (he blue side of the E line. 

Human blood can only be distinguished with 
certainty from the blood of other ammals by the 
so-called “ biological reaction." The mjection m 
successive doses of blood of one ammal species 
into another animal of a different species acts 
as an anligen, and causes the development of a 
8i>ecific prectjtilin m the blood of the injected 
animal. The addition of a trace of blood of the 
first ammal species to the scrum of the injected 
animal causes a precipitate. Such a precipitate 
does not form except between tbe blood of the 
two species of ammal used in the experiment. 
This has been apphed to the case of human 
blood, by taking a rabbit and injecting human 
blood into it. Ihe serum of this rabbit will then 
giie a precipitate with the blood of man (and 
^ a Jess extent of the higher apes), and with the 
blood of no other species of animal. Tbe test 
13 extraordinarily dehcate, and will detect 
kunian blood that has been dried for months, 
and even when it is mixed w ith the blood of other 
animals. j p 


Blood Coaoulatios. 

When blood leaves the blood vessels it clots 
wi thin a few minutes, the clot formed assisting m 
preventingfurtherhsmorrhage. Clotting, there, 
fore, IS an important protective mechanism 
against excessive drainage of blood from the 
organism. In haimophiha there exists a con- 
gemtal deficiency in the coagulative pow er of the 
blood. A trifling wound, in this disease, 
leads to persistent bleeding, whilst a larger 
wound may lead to fatal results. 

Coagulation of blood is a complex chemical 
and physico-chemical process the details of which 
are not yet fully understood. 

Buchanan demonstrated in 1845 that a sub- 
stance 13 present in serum which when added to 
incoagulable exudates of the body causes 
them to clot. This substance may also be 
extracted from blood clots. Schmidt in 1872 
found that scrum contains a substance which 
converts certain plasma proteins, m presence of 
calcium, into fibrin. This was termed thrombin., 
and Schmidt showed that it was formed m alied 
blood from an mactive precursor, prothiomhm, 
which exists normally in the plasma of circulating 
blood. The fibrin of a blood clot was shown by 
Hammarsten (1880) to be formed by n reaction 
betweenthrombin and a blood protein. 

Fibrm is formed in shed blood in the form of 
fine threads radiating from foci, probably the 
blood plateJcta. Thev form an interlacing net- 
work entangbng red and white blood cells. 
It has been observed that the fibnn is deposited 
lo the form of fine crystalline needles, unique 
conditions peculiar to blood clotting being 
necessary for tbe deposition of fibrin in this 
manner. The blood of invertebrates forma a 
etructureless gel when it clots (Howell). 

Stuber and Lang (“Physiologie uad Patho- 
logie d. Blutgermnung," Berlin, 1030) have 
proposed the theory that blood glycolysis U 
res^nsible for clotlmg, the increased acidity 
due to lactic acid formation causing precipita- 
tion of fibrinogen Wohlisch, however, has 
pointed out that acid precipitation of fibrmogen 
IS a reversible process, whereas blood clotting is 
irreversible. Moreover, gradual glycolysis with- 
out clotting may take place in a bscraophihcr 
blood. The fundamental process in blood 
coagulation appears to bo a reaction between 
thrombin and fibrinogen. 

Fibrinogen, which gives rise to fibrin, is a 
globulin which exists in blood to the extent of 
about 400 mg. m 100 ml. and is probably formed 
in the liver. It can be prepared by half satura 
tion of blood plasma with sodium chloride. Tlio 
precipitate of fibrmogen is washed by centn- 
fugmg and decantation, with half saturated 
sodium chloride solution and is dissolved in a 
weak salt solution. Such a solution forms a clot 
when it is mixed with a few drops of blood serum 
(not plasma) owing to the thrombin contained 
therein. The clotting does not take place if the 
serum has been heatwl. 

Thrombm shows most of protein reactions, 
but it 13 not coagulated by heat. It may be 
ohtamed from blood serum by treatment with 
alcohol, the precipitate being extracted with 
water which dissolves the thrombm. The pro- 
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cess is repeated to obtain a purer solution of 
the substance. The latter has a marked 
coagulating action on solutions of fibrinogen. 
Howell (1913) has described a method of 
separating thrombin from fibrin. Thrombin 
does not exist in blood plasma ; it is produced 
at the time of the blood clots. 

The nature of the reaction between fibrinogen 
and thrombin is not yet fully understood. 
Hammarsten considered thrombin to be a 
hj'drolytic enzyme which hydrolyses fibrinogen 
to form insoluble fibrin. This view is still 
maintained by J. Mellanby (Proc. Roy. Soc. 
1933 [B], 113, 93), according to whom thrombin 
is a proteoclastic enzyme splitting the fibrinogen 
into fibrin and a soluble serum globulin. He 
suggests it is an essential factor in blood 
coagulation in vivo. According to Waldschmidt- 
Leitz and his colleagues (Z. physiol. Chem. 1929, 
183, 39) thrombin is an enzyme related to 
pancreatic trypsin and may be activated by 
thromhohinase. Puchs and Zakrzewski (Klin. 
Woch. 'Oct. 1934) claim that they have been 
able to demonstrate an increase in non-protein 
nitrogen as a result of coagulation, and consider 
that the result is a demonstration of the hj^dro- 
lytio action of thrombin. Convincing experi- 
mental proof of the alleged hydrolytic action of 
thrombin is, however, still lacking. The 
" products of hydrolysis cannot be separated 
and determined, nor does fibrinogen respond to 
other hydrolytic agents or enzymes with the 
formation of a fibrin gel ” (HoweU). 

Del Baere (Bioohem. Z. 1932, 246, 38) explains 
the deposition of fibrin as due to the electrical 
adsorption of positively charged thrombin 
on negatively charged fibrinogen. 

Thrombin is derived from prothrombin, a 
protein which normally exists in the plasma of 
circulating blood, by the action of calcium ions 
and of a substance present in tissue extracts. 
Jlorawitz considers its inactivity in normal blood 
to bo duo to the lack of the tissue extract 
activator — thrombokinase. Hoivell believes that 
in circulating blood prothrombin is protected by 
combination with an anticoagulant or inhibiting 
substance which he has shown to be present in 
blood. Mellanby, Pickering and Hekma con- 
sider that in the normal blood prothrombin is 
protected because “ it exists in a coUoidal 
complex with fibrinogen, serum, globulin and 
albumin. Exposure to a foreign surface or to 
the action of tissue extracts causes dissociation 
of this complex with liberation of prothrombin 
and subsequent activation.” Eagle (J. Gen. 
Physiol. 1935, 18, 531) has shown that the 
amount of thrombin formed in a mixture of 
prothrombin, calcium ions, and tissue extract 
varies directly with the amount of prothrombin 
and not with the other two factors. 

Mellanby (Proc. Roy. Soc. 1930, 107 [B], 271) 
obtains prothrombin by precipitating dilute 
oxalatcd plasma with dilute acetic acid at 
Pn 5-3. '’’he precipitate is treated with dilute 
calcium bicarbonate solution which dissolves out 
the prothrombin. This solution is again pre- 
cipitated with dilute acetic acid and the pre- 
cipitate centrifuged and dried with acetone. 
The yield of prothrombin (or prothrombasc) is 
40 mg. per 100 ml. plasma; 1 mg. of the 
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preparation, on activation, coagulates 100 ml. 
plasma in 20 seconds. Morawitz has showm 
that prothrombin may be obtained from blood 
platelets, but according to Euchs and Fischer 
prothrombin is provided bj”^ all or many tissues. 

Calcium ions play an important role in the 
conversion of prothrombin into thrombin but, 
apparentlj', are not concerned with the final 
reaction between thrombin and fibrinogen. 
Thus clotting will occur when purified thrombin 
is added to oxalated blood or plasma, or to a 
pure solution of fibrinogen. Thrombin is not a 
calcium compound because the activation of 
prothrombin into thrombin may occur in the 
absence of calcium, e.g. by alcohol or chloro- 
form. Traces of calcium appear to accelerate 
considerably the normally slow' change of 
prothrombin into thrombin, but agreement on 
this point has not been universally reached. 
Strontium, and to a far smaller extent, barium 
and magnesium, will catalyse the conversion of 
prothrombin into thrombin. 

I An additional factor in the activation of pro- 
thrombin is present in the form of throm- 
bokinase which is supplied by tissue elements 
and especially by blood platelets. According 
to HoweU this tissue factor removes an inhibitor 
from combination with prothrombin ; according 
to Pickering the tissue factor causes dissociation 
of a complex of prothrombin, fibrinogen and 
tissue proteins. 

This tissue activator is supposed to resemble 
lecithin, and it may bo extracted from tissues 
by alcohol and ether ; it is then thermostable. 
Brain cephalin, which may be identical with, or 
nearly related to, thrombokinase, according to 
HoweU, is particularly potent as an activator. 
Its potency is lost when the cephalin is allowed 
to stand in air, and is retained when the cephalin 
is kept in vacuo. Lecithin, free from cephalin, 
has no effect on coagulation. Fischer and 
Hecht (Biochem. Z. 1934, 269, 115) claim that 
tho purer the preparation of cephalin the less is 
its effect on coagulation. Charles, Fischer, and 
Scott (Trans. Roy. Soc. Canada, 1934, 28, V, 49) 
have isolated from lungs a thrombokinase, which, 
whilst a lipoid related to fatty acids, is not 
cephalin. 

HoweU considers that blood contains traces 
of some compound, similar to the hirudin of 
leeches and other blood-sucking animals, which 
is an anticoagulant. HoweU and Holt (Amer. 
J. Physiol. 1918, 47, 328) have given the name 
heparin to an anticoagulant from dog’s Uver. 
It has no inhibitory effect on the action of 
purified thrombin on fibrinogen but it inhibits 
the_ conversion of prothrombin into thrombin. 
It is free from phosphorus and nitrogen and 
appears to be a glycuronic acid derivative. 
Chargaflf, Bancroft, and Stanley Brown (J. 
Biol. Chem. 1936, 115, 155) conclude from a 
recent study of anticoagulants that such sub- 
stances “must be water soluble, of high molecular 
weight and must contain combined sulphuric 
acid or possibly other acid groups of similar 
.strength.” They find that an activ'e anticoagu- 
lant is galactan-sulphuric acid ester isolated 
from an alga, Irideae laminarioides. 

Morawitz’s Theory of Blood Coagulation . — 
A widely accepted theory of blood coagulation 
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13 that of Morawitz accoiding to which thrombo- 
hina'c from ti'sue cells and especially from 
damaged blood platelets, acts, in con/miction 
wath 'calcium ions, on prothrombin of blood 
plasma to form thrombin The latter reacts 
with fibrinogen to produce fibrin 
Thus ire base 

(1) Prothronibin-rCa +Thronibokinase= 

Thrombin 

(2) TLiorabin-‘-Fibrinogen=yibrm 
Iloicell’s TheoT'j of Blood CoaguhlioH — 

Howell bcheie® that prothrombin can be con 
Terted to thrombin b\ the act-on of Ca" alone 
The ibroiiibokina'e, or tissue activator, acts 
not as a kinase but as a substance neutrabsing 
a normal inhibitor of prothrombm This 
inhibitor (pos'ibh heparin) when combined 
mth prothrombin, prcicnts the latter being 
converted b\ calcium ions into thrombin Tlie 
shedding of blood and consequent destruction of 
blood platelets furnish the tissue activator 
which combines with the uihibitoi and thus 
liberates free prothrombin (««e el»o Chargaff 
etal.J Biol Chera 1936 115. 23T) 

Thus w I have 

(1/ Vrothromhm heixinn-r ti'Sne facto ^repLa- 
lin *)=l*rothrombin 

(2) Prothrombin-uCa"= Thrombin 

(3) Thrombin- Fibrinogtn=y»brin 

1 or a diiicussion of these and other tbeoncs of I 
blood coagulation (e g those of Bordet. Picker I 
mg, Fuchs, and Fischer) each of which has its I 
distinctive features, the reader is referred to 
HowelI(Ph>8ioI Rev 1935,15,435) ForfuUcrl 
information on the subject the reader ts referred ' 
to the above article and also to Wohhsch 
(Ergeb d Phjsiol. 1929, 28. 443). Fuchs 
fErgeb d Enzj niforschiirg, 1233,2. 2a2). and 
Zung (Traded Fhvsiol (Roger et Binet), 1934, 
7. ISO) ' J If. Q 

AjfTICOAOrLASTS 

DtjibTxnaUon, — This process of preventing 
coagulation of blood is usually carried out when 
rameral analyses are to be made on the blood 
serum and when the introduction of extraneous 
substances is undesirable. It n earned out by 
stirring the blood in a tube with a glass rod, 
the clot adhering to the rod. Care shonld be 
taken to prevent the rod coming into contact 
with the sides of the ves«el as this may break 
up the cells, causing haimolysis Defibrination 
should be carried out as far as possible anxrobi- 
tally, as otherwise loss of COj and absorption 
of Oj may occur (see Ei'enman, Method for 
An^robic Defibrmation of Blood, J, BioL Chem 
1925, 71, 607). 

OxalaU and Cxtrate — The-e substances appear 
to depend on their combination with blood 
calcium for their powers of preventing blood 
coagulation. For analvtieal purposes citrates 
should he arriided at they inferfcre with unc 
acid determination, protein precipitation, and 
cause disturbances in reaction and cell Tolnme 
Oxalates (K, Na, or NH4 salt*) are effective 
anticoagulants in a concenlratjon <7f 0 I to02®o 
They are most fav ouied m analytical work as 


I they have little influence on pj, and on the COj 
I absorbing power of the blood. For details of the 
1 n«e of oxalate, see Peters and Van Sly ke (“ Quan- 
titative Clinical Chemistry,” 1932. II, 61), and 
j Magath and Hum (Amer. J. Clin. Path. 1935, V, 

1 54b} 

I Utrvdin — Thisactiveprincipleofthcsecretion 
, of the buccal glands of leeches is now rarely used 
las an anticoagulant and has been replaced by 
I hepanu 

I Heparin — This anticoagulant was obtained 
from dog's liver by Howell and Holt (I c.) and is to 
be found in the lirer, lungs and muscle. It has 
I no effect on the reaction betwten purified 
I thrombm and fibrinogen, but it inhibits the 
'conversion of prothrombin into thrombm. It 
prevents coagulation at a concentration as 
low as 1 mg. per 100 ml. It appears to be a 
glycuronic acid derivative. 

\enomof the viper ( Fipenna! and Crotalinx) 
contains thrombm, which if introduced into the 
body will cause mtra vascular clotting. This 
coagulant action of vipenne venom has been 
used m the treatment of haimophilu. 
The Indian daboia venom (1'ipera russeUii) 
h-is been found to be by far the most powerful 
coagulant agent against hsmorrhage. Experi. 
mentally , one drop of Ru«se2's \ iper venom m a 
concentration of 1/1,000, when added to 10 
drops of hsmophilic blood, clotted it in 17 
seconds, wheicas the blood from the same 
patient ilotted spontaneously in 3S minufe*. 
The effect of the venom may be observed even 
m dilutions of 1 in 10^^. For further details 
of the therapeutic effects of venoms the reader 
[IS leferrrd to Chopra and Ciiowhan (Snake 
\ enoms m Pharmacology and Therapeutics, 
Indian Medical G.^zette, 1035, 70, 445). 

When an animal survives for an hour or two 
after infection of tlir viper venom the blood is 
incoagulable (Taylor, Mollock, and Ahnja, 
Indian J. Med. Res 1935, 23, 131)._ Coagula- 
bility returns to normal gradually in animals 
I which survive. “The intravenous coagulation 
and incoagulability of the blood are manifesta- 
tions of action of the a enoms which differ only 
degree and rapidity. Pvapid action of the 
I venom may produce massive clotting of the 
blooil m tiio, while slower actio*i produces 
invisible coagulation, probably with fine deposi- 
tion of fibnn m the walls of the bloodvessels, 
1 the blood being defibnnated and m con-equence 
incoagulable.” 

Anritenenes (untMrnom fcrolwiU bring about 
a neutralisation of the coagulant action of the 
I venom, the homologous antivencne being the 
raoat effective. Taylor et al. (Ic.) report 
|Cvpcrunetita where the addition of neutrahscil 
venom (vcnom-i-homologous aiitnonene) at 
a concentration of 1 in 10* to 1 m 5x10® pre- 
vented the coagulation of sheep's blood. They 
state that the coagulant actions of dahola and 
L'cAia venoms .are neutralised by their respective 
antivcnencs. Dahoia nntivi nene docs not 
ncufrab-^ the coaguiant action of fehis venom 
nor does Fehis antivenene neutralise that of 
daboia venom, speeificitv of action being clearly 
observed * J. H. Q 

BLOOD CEMENTS c. ADWEsivfs and 
■ Adhesivi: Action. 
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BOG-BUTTER. 


BLOODSTONE. A popular name for the 
mineral heliotrope, a variety of chalcedony 
(Si02), showing bright-red spots on a dark-green 
ground. It is used for the engraving of ring- 
stones and seals. 

The same name has also been used for 
hematite, (FejOg), being a translation of 
alfianTT]^, So called because the colour of the 
nowdered mineral is like that of dried blood. 

L. J. S. 

bloom, a term given to a mass of iron 
after it leaves the puddling furnace. 

BLOWN OILS. Thickened oils, soluble 
castor oils, are prepared by blowing air through 
vegetable «emi-drying oils, blubber oils, or 
liquid waxes whilst these are stirred and heated 
to temperatures varying from 70° to 115°. 
The products are denser and more viscous than 
the raw materials and are miscible with mi neral 
oils. These mixtures are used as lubricants. 
The blown oil from linseed oil which sets by 
further oxidation to an insoluble solid, linoxyn, 
is employed as the agglutinant in the manu- 
facture of linoleum. 

BLUE ASHES u. Blue, MouNTAUf. 

BLUE, BERLIN v. Blue, Peussiak. 

BLUE CERULEAN. Cceruleum, Codin- 
blau, bleu celeste, Cobalt stannate. A greenish- 
blue pigment. 

BLUE, COBALT. Thlnard's blue, Leyden 
blue. King's blue, cobalt ultramarine, Gahn'a 
ultramarine, azure blue. A valuable water 
colour pigment consisting of cobalt aluminate, 
or a compound of the phosphate or arsenate of 
cobalt with alumina. 

BLUE COPPERAS. Line stone or blue 
vitriol. Copper sulphate. 

BLUE CROSS GAS. Diphenyl chloro- 
arsine, (CgHjl^AsCI, m.p. 43°, b.p. 333°, yields 
a vei3' iiTitant toxic smoke used in gas warfare 
(V. ChEMCAL WAHrAKE ASD DErEXCE). 

BLUE 3G (Cibanone Yellow E) v. A^TSR.k- 
QviyoyE Dyestuffs. 

BLUE GUM TREE. Eucalyptus globulus. 
A large tree of Tasmania and eastern Australia, 
its fresh leaves are distilled for the volatile oil, 
1 to 3%. A tincture of the leaves is used in the 
treatment of asthma. The unmixed oil of 
E. globidus is no longer a commercial article, 
the oil of eucalyptus is obtained by rectifj-ing 
the distillates from E. polybractea, E. dumosa, 
and other species of eucalyptus which yield 
oils containing a large proportion of cineol, 
also kno^vn as eucalyptol or cajuputol, with some 
phellandrene. The oil is soluble in 90% alcohol, 
and contains not less than 70% of cineol. 
Sp.gr. 0-910 to 0'930, -,'-5° to -5°, 1-458 

to 1-470. 

■ BLUE IRON-EARTH. An earthy blue 
variety of the mineral -vdvianite, a hydrated 
ferrous phosphate, FegPoOg.SH-O, often found 
as a blue powder encrusting vegetable remains 
and hones in bog-iron-orc, peat, and clavs. 

L. J. S. 

BLUE JOHN. A variety of fluorspar 
found in Derbyshire and valued for making 
ornamental articles (i-. Calcium). 

BLUE LEAD. A term applied to galena 


by miners to distinguish it from white-lead ore, or 
carbonate. 

BLUE, LIME, and BREMEN BLUE are 
essentially copper hydroxide, Cu{OH)2, asso- 
ciated -u-ith calcium carbonate and copper 
carbonate respectively, formerly used as 
pigments. 

BLUE, MANGANESE. A blue pigment 
prepared by igniting at a red heat manganese 
oxide and barium nitrate -with kaolin or with 
silica. 

BLUE, MOUNTAIN. Blue verdiler, 
chessylite, azurite, blue ashes, or Bergblau. 
The natural hydroxycarbonate of copper, 
2 CuC 03 -Cu(OH) 2, used as a pigment. 

BLUE, PRUSSIAN, Chinese blue, Ant- 
werp blue, Berlin blue, Paris blue, soluble blue, 
bronze blue, Saxon blue. This pigment occurs in 
several forms. Commonly it is a mixture of 
potassium ferric ferrocyanide, K2Fe4(CN)i2, 
-n-ith ferric ferrocyanide, FejlCNljg, but the 
most permanent form is ferric ferrocyanide. 

BLUE, SAXON v. Blue, Peussiai;. 

BLUE, THENARD v. Blue, Cobalt. 

BLUTMEHLv. Blood. 

BLUTWURST v. Blood. 

BOEHMITE or BOHMITE. An ortho- 
rhombic modification of aluminium hydroxide, 
Al 203 ,H 20 = AlHOj, dimorphous with dia- 
spora (also orthorhombic AIHO2), hut differing 
in its optical properties and in crystal-structure 
as shown by the patterns in X-ray photo- 
graphs. It is isomorphous with lepidoorocite in 
the isodiraorphous series diaspore-hoehmite and 
goethite-lepidocrocite. It was first recognised 
in French bauxite by J. Bohm (Z. anorg. Chem. 
1925, 149, 203) and was named hoehmite by 
J. de Lapparent (Compt. rend. 1927, 184, 1661). 
The aluminium hydroxide precipitated from a 
boiling solution is hoehmite, and this on 
dehydration yields y-AljOj. L. J. S. 

BOG-BUTTER. In various northern 
European countries, particularly Ireland and 
Scandinavia, it appears to have been common 
practice in the Middle Ages to bury butter, or 
immerse it in peat-water, in order to preserve 
it or, perhaps, in order to improve ( ?) the 
flavour. Specimens of such buried butter, 
which may date from the eleventh to the 
eighteenth centuries, are stiU occasionally dis- 
covered in peat-hogs in an advanced state of 
decomposition, forming the -u-hitish, waxy mass 
resembling adipocere (q.v.), known as bog-butter. 
Bog-butter has a lower iodine value (e.g. 9-15) 
and higher acetyl value than fresh butter-fat, 
and consists chiefly of saturated and oxidised 
(hydroxylated) fatty acids, which have been 
formed from the original butter-fat as a result 
of the hydrolysing and oxidising action of 
water, air, bacteria, and moulds ; as a rule, the 
bulk of the lower, volatile fatty acids, which 
characterise fresh butter-fat, have disappeared. 
Minor amounts of nitrogenous matter (derived 
from the casein of the butter) and metallic 
contaminants derived from the water may he 
present. 

It is interesting to liote that cholesterol has 
been recovered from the unsaponifiahle matter of 
bog-butter, ha-ving apparently suffered little or 



no altention Analjses of Insh Iwgbnttera 
are recorded by lUdclifle and Haddocks, J 1>.UL 
1907, 26, 3. and P- S. Arop, Analjst, 1932, ^ I 
300 : cf. S Schmidt Nielsen, Kong. Norsk© , 
Videnskab SeUkftb. Forhandl. 1928, 1, No. 61, 
182 (Scandinavian and English samples- in 
Nonrenian) For the arehsology of bog- 
butter, see W. P.. Wilde, Proo. Insh Acad. 
1856, 6, 356 . Gogan, Irish Times, May 16, 
1929 (c/ Amp, I c.). E L 

BOGHEAD COAL t. Paeafits 
BOGHEAD NAPHTHA v PAEAiny. 
BOG-IRON-ORE. Anirapureironhjdrox- 
ide of recent formation m bogs and marshes. 

It IS referable to the mineral species hmonite 
{ 2 Fej 03 , 3 Hj 0 ). and. m fact, this name (from 
XcificLv, a meadow) was at first appbed to this 
material, nhich is known m German as Rasen- 
eisenstein or ^lesener* (meadow-ore) It is 
sometimes placed under the species limmte 
(from ^i^lvr|, a marsh), to which the formula 
Fe^Oj.SHjO has been assigned. It con- 
tains 2(J-78®a F®sOa> organic' 

matter, and often phosphates m considerable 
emonnt The matcnal has been deposited 
by the ovidation of chalj beate waters through 
tte agency of algm and bacteria It is dug 
m sli^on pits in the peat-bogs of Ireland, the 
production amounting to a few thousand tons 
per annum, and is mainly used for the purifica- 
tion of coal gas. The Swedish lake ores 
(aiomaioilsreofthesamenature L. J. S., 
BOG MANGANESE. fFad, a black, 
earthy mineral consisting mainly of hydrated 
manganese dioxide, but of vanable composition. 

BOHEMIAN BOLE. A yellow variety of 
bole (g t> ) 

BOHNALITE i'. Alloys, Light. 
BOHN-SCHMCDT REACTION c. Alt- 
ZARiv AYD Allied I)i i <rci is 
'■BOILED KEENE’S" PLASTER v. 
BciLDiiiG MATEFUta, Section II. 

BOILED OIL. Boiled linseed oil. Formerly 
denoted a preparation obtained by heating Im- 
eeed oil with about 0 6% btharge, PbO, for' 
several hours to 200'’-250" with access of air. 
Other drjing agents, e.y. manganese borate, 
can be used instead of litharge. The product, 

“ kettle boiled oil,” dries much more rapidly 
than the raw oil and is used in paints (c/. Bntish 
Standards Specification 242, 1936). The term 
“ boiled oil ” also includes linseed oil containing 
drj mg agents added in solution, e g. bnoleatea 
of lead, manganese or cobalt dissolved m a part 
of the oil. These preparations made with 
little or no heating, which are sometimes termed 
" bung hole boiled oils,” have the property of 
rapid drying and are used for this purpose in 
paints. 

BOLDO LEAVES. The dried leaves of 
nn evergreen tree, Peumuj 6oHua, of central 
Chill, contam the alkaloid boldine (0-1%), 
the glj coside boldm or boldogluan, a volatile 
oil (2%) containing terpenes and t^ineoL 
The tincture has diuretic and stimulant pro- 
pc.tics duo to the volatile oil (B P.C. 1934). 

BOLE. (Bol, Ger.) A ferrugmous clay-like 
«ul)-t''nce, of red, brown or yellowish colour. It 
IS not plastic, and when thrown into water' 
lalls to pieces with emission of streams of 


Tfiinute Bir-bubblcs. It has an unctuous feel, 
and some vaneties adhere to the tongue. When 
cut it presents a shining streak. Before the 
blowpip® ‘t fuses to a j ellowish or white enamel. 
Its composition is very vanable, hut the usual 
limits are from 41 to 47% SiOj, 18 to 25% 
Al-O}. and 24 to 25% HjO, with a proportion 
ofVcjOj, which may reach 12%. It wiU be 
noticed that the percentage of water is higher 
than in clays. The Teltbol of Freiberg in 
Saiony occurs in mineral veins, and contains 
only about 3% of AIjO-. The bole of Stolpen 
in ^xony is a yellowish substance containmg 
onlvatraceof Fe,Oj. Rammelsberg’s analysis 
yielded SlO* 45 92, AljOj 22 14, CaO 3 9. 
H,0 25 86. In the “ bole of Sinope ” (einopite) 
from Asia Hinor the SiOj fills as low as 32%. 
Xh^ ancients obtained this material from 
Cappadocia, and used it as a red pigment. It 
vet also employed in medicine as an astringent 
(e. Lemxiaji Earth). 

Bole IS frequently found as a product of the 
decomposition oi basaVlic rocks. Thus ttie 
sheets of basalt of N.E. Ireland, representing 
Tertiary lava-flows, are separated by partings of 
bole, associated with lithomarge, bauxite, 
pisobtic iron-ore and seams of lignite. The 
Antrim bole is described as & poor vanety of 
aluCDioous iron ore (G. A. J. Cole, “The inter- 
basaltic rocks (iron ores and bauxites) of north- 
east Ireland.” >Iem, Geol. Survey, Ireland, 1912) 
L. J. S 

BOLOGNAN (Bononian) STONE. A 
native variety of barium sulphate found as 
nodular masses embedded id clay near Bolegna; 
when partially reduced to sulphide by calcina- 
tion with charcoal it exhibits phosphorescence. 
VaDino and Zumbuscb (J. pr. Chem. 1911, [u], 
it, 305) have attempted to ascertain the factors 
which determine the phosphorescent quality of 
Bologna stones. Good samples may vary in 
sulphur content between 12 and 33%. Marked 
phosphorescing power seems to depend upon the 
presence of poly sulphides ; products containing 
oidy moDosulphide are deficient in this respect. 
The presence of calcium oxide appears to increase 
the phosphorescing power (v. Barytes and 
Paikts). 

BOLORETIN. A resin derived from the 
fossil fir wood found in the Danish peat bogs. 

BOMBICESTEROL, Cj,H„-OH,H,0, 

i,p. 148®, [oJd —34°, a member of the chole- 
sterol group occurring in the unsaponifiable 
portion of chrysalidino oil extracted from the 
chrysalis of the silkworm {Bombyx tnori). 
(Menozu and Morcvchi, Atti R. Accad. Lincei, 
1903 (vj. 17, 95.) 

BONE. Bony- tissue may be either compact 
aa in the shafts of the long bones, or spongy or 
cancellated as in the flat bones of the skull and 
in the extremities of the long bones ; here an 
externa! compact layer encloses a mass of 
spongy bone or diploe. Prom the embryo- 
logical point of view, bones may be divided into 
cartilage bones .and membrano bones. Tlie 
cartil ige bones are those which in embryonic 
lift are preceded by eartiligmoiis prefigure- 
ments ; t'hese comprise the niajonty of the bones 
fax the human body, and include all the long 



BONE. 


bones except the clavicle. In the case of 
membrane bones (for instance, the flat bones of 
the cranium) there is no such preliminary 
cartilaginous prefigurement. In the cartilage 
bones the cartilage is not converted into bone ; 
for here, as in the eases where there is no 
cartilage present, the true bony tissue is laid 
down by the agency of cells termed osteoblasts 
in the connective tissue sheath (periosteum) 
of the bone, and the cartilage when present, after 
undergoing a certain amount of calcification, 
is then entirely eaten away by large cells called 
osteoclasts. In the cartilaginous, as dis- 
tinguished from the bony or teleostean fishes, 
the replacement of the cartilage by true bone 
does not occur. 

Bone is deposited in concentric laminae, the 
majority of the layers encircling the channels 
called Haversian canals, in which tie blood- 
vessels lie. The living elements in bone, the 
bone cells, lie in spaces between the laminae, 
and these spaces (lacunae) intercommunicate 
by minute canals, in which lymph flows and 
maintains their nutrition. 

The chemical materials present are organic 
and inorganic. The organic materials are 
proteins and nucleoprotein derived from the 
bone cells, a small quantity of an elastin-like 
substance which forms a lining to the Haversian 
canals, and a mucin or gluco-protein ; but the 
principal organic material, sometimes misnamed 
bone cartilage, is better termed ossein. Ossein 
is identical with the collagen of connective 
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tissues, and like it yields gelatin on boiling with 
water. If the inorganic salts are dissolved out 
by mineral acids, the ossein remains as an elastic 
mass which preserves the original shape of the 
bone. 

The inorganic constituents remain as the so- 
called bone earth after the bone is completely 
calcined ; it consists chiefly of calcium phos- 
phate, but also contains calcium carbonate, and 
small amounts of magnesium, chlorine, and 
fluorine. Gabriel (Z. physiol. Chem. 1894, 18, 
257) states that potassium and sodium also 
occur. Traces of iron come from the blood in 
the bone, and of sulphate from chondroitin- 
sulphuric acid (Momer, ihid. 1897, 23, 311) of 
mucin. 

Investigators differ as to the manner in which 
the inorganic substances are combined. Chlorine 
and fluorine are present in the same form as in 
apatite (CaFj-SCajPaOg), and according to 
Gabriel, the remaining mineral constituents form 
the combination CaCOgBCagPjOg. He gives 
as the simplest expression for the composition 
of the ash of bones and teeth the formula 
CajlPOJg-f CagHPgOjg-t-HgO, in which 2- 
3% of the lime is replaced by magnesia, potash 
and soda, and 4-6% of the phosphoric acid by 
carbon dioxide, chlorine and fluorine. 

Zalesky’s analyses of the bone earth from 
different animals show how closely these agree 
in composition ; the results are summarised in 
the following table, the figures representing 
parts per 1,000, 


— 

Man. 

Ox. 

Tortoise. 

Guinea-pig. 

Calcium phosphate, Ca 3 (P 04)2 .... 

838-9 


859-8 

873-8 

Magnesium phosphate, Mgg(P 04 ).. 

10-4 


13-6 

10-5 

Ca combined with COj, F, and Cl 

76-5 

73-6 

63-2 

70-3 

COg (partlv lost on calcining) 

57-3 


52-7 

— 

Chlorine 

1-8 


— 

1-3 

Fluorine 

2-3 


2-0 



The various bones of the skeleton differ a good 
deal in the proportion of water, organic solids, 
and inorganic solids which they contain. 
This depends to some extent on the admixture 
of marrow, blood-vessels, and other formations 
from which it is difficult to free entirely the 
osseous tissue proper. The quantity of water in 
fresh bones thus varies from 14 to 44%, and 
of fat between 1 and 27%. The quantity of 
total organic substance varies from 30 to 52%, 
the remainder being inorganic. 

The marrow is from the chemical point of 
view mainly fat ; its cells yield protein and 
nucleoprotein. 

On a rough average it may be said that 
two-thirds of the solids consist of inorganic 
and one-third of organic compounds. 

With regard to the minute composition of 
bones at different ages, we have no very 
accurate mformation. Voit found in dogs and 
Brubacher in children that the water in the 
skeleton decreases and the ash increases with 
advance of yeara. Graffenberger's observations 
on rabbits confirmed this view. 


A great many experiments have been made to 
determine the influence of food — for instance, 
rich or poor in calcium salts — on the com- 
position of bone. The importance of a correct 
balance between the calcium and phosphate 
intakes has been emphasised. Of outstanding 
importance are the numerous researches which 
have culminated in establishing the essential 
action of vitamin D (calciferol, q.v.) in promoting 
normal ossification and in countering the 
disease of rickets. 

As regards the chemical mechanisms of 
ossification much remains to be discovered. 
But the researches of Robison and his colleagues 
(Biochem. J. 1923, el seq.) show that the deposi- 
tion of calcium phosphate in bone is associated 
with the presence of a phosphatase. This bone 
enzyme splits off the phosphoric acid group of 
organic phosphates, such as glycero- and hexose- 
phosphoric acids. The great physiological 
importance of the bone phosphatase has been 
shown by Fell and Robison (Biochem. J. 1929, 
23, 767), who have demonstrated, in developing 
chick embryos, a close correlation between the 












BONE. 


initiation of ossification processes and the first 
appearance of the enzyme. 

The calcifying mechanism of whicli this enzyme 
is the basis is not entirely apeeific for the 
eajemm salt of bone, although the properties 
of this salt are very specially appropriate 
to the function which it fulfils Thus deposits 
of the phosphates or carbonato phosphates of 
banam, strontium and magnesium have been 
produced in the matrix of hypertrophic cartilage 
by the phosphatase meehamam in vitro 
Much information has been pabbshed regard- 
ing variations in chemical composition in 
different diseases of bone Thus in exostoses 
the morgamc material is usually increased , 
in rickets and osteomalacia, the proportion of 
water and ossein to bone earth is raised The 
somewhat rare occurrence of a cunous protem 
(called Bence Jones protem, after its discoverer) 
in the urine is almost mvanablj associated with 
bone disease (osteomalacia, or mabgnant new 
growths) This protem in many of ita characters 
resem hJea a proteose, hut la probably derived 
from the mucm of osseous tissue. 

On heating out of contact with au, bone 
evolves a large quantity of volatile matter (u. 
Boki: On.) which contains ammonia, pyridine 
bases, pyrrol, mtniea, etc A black residue is 
left, consuttog of the bone ash in essoeution 
with carbon, which is caUed animal charcoal 
(Jt) 

The mdustnal uses of bone are very oomerous 
and involve a large import trade , not only la 
the bone itself made into many utensils, but the 
matcrmls made from the bone (charcoal, bone 
ash, gelatin, etc ) are put to many uses. 

nus animal charcoal or bone black ts cm 
ployed in many chemical operations, m sugar 
refining, as a polish for silver work, etc. 

Bone meal and bone a*h are extensively 
employed as manure and m the preparation of 
the superphosphates of commerce 
The gelatm in an impure form is used m the 
preparation of paper, silk, furs, etc , and the 
purer varieties are also put to numerous uses, 
for instance, as a clarifying agent m the pre- 
paration of wmes, beers, hqueurs, for food lo 
the preparation of soups, jellies, and puddings, 
ID the making of photographic films, and m 
bacteriology for the preparation of culture 
media (see Jferck’e “ IVaren-Lexikon,” arts. 
Knochen, Knochenasche, Knochenkohle, Knoch- 
enol ; H. Ost, “ Lehrbuch der Chem. Tech- 
nologie,” 18th ed , 1932, arts. Knochenmehl, 
Knochenleim ; Dammer, “ Eandbuch d. chem. 
Technologic,” 1898, 5, art. Knochenver- 
arbeitung, 254). J p 

BONE ASH, BONE EARTH. Calc^cd 
hones (mamly calcium phosphate) used m the 
manufacture of a softer variety of porcelain 
(English chma) (t. Bone). 

BONE BLACK. The black residue of bone, 
ash and carbon left after heatmg ^nes out of I 
contact with air. ' 

BONE FAT is the fatty matter eon tain f»d 
in the bones of animals (cattle) and is, com- 
mercially. a by-product in the process of working 
up cattle bones from the meat industry, wfae^n 
they be required for the manufacture of fancy 
goods, 0- bone char, or for the pri^nction 


glue ami gelatin,^ For nil these manufactures 
the degreasuig of the bones precedes all further 
operations. Fresh bones from the heads, nbs, 
shoulder blades, etc., of cattle contain from 
12-13% of fat, whilst the large thigh bones 
( ‘ marrow bones ”) contain as much as 18-20%. 

Tho old process of recovering tbo fat by 
boding out the broken bones with water m 
open vessels is now only used m small primitive 
establishments and, according to Zapoleon 
(“ Inedible Animal Fats m the United States,” 
Stanford Univ., 1929), to some extent in Ameri- 
can packing houses which deal with absolutely 
freah bones. Only about one-half of the fat 
present m the bones can be recovered by this 
method, however, and the poor yield, coupled 
with nuisance due to the bad odours from such a 
method, led manufacturers in general to abandon 
” open boihng ” in favour of processes in which 
the bones are treated with open steam m closed 
vessels tinder low pressure (2-3 atmos) ; the 
lime of steaming is made as short as possible 
so that only small nmoimts of the nitrogenous 
glue yielding constituents of the bones shall be 
extracted by the wafer, hut tho yield of fat is 
some 60% higher than by the ” open " method, 
and Only a few per cent, of grease remain in the 
treated bones. The quality of the fat obtained 
by either boding process is about the same, the 
product varying from a pale, buttery fat of 
iaint odour to a dark, rancid, malodorous 
ease according to the age and condition of the 
•nea employed. The best qualities of bone fat, 
including eiLhle grades, arc prepared by these 
methods, especiaUy in the large packing bouses 
ofSouth and North Amenra, where the bones are 
work^ up m the fresh state : m order to obtam 
the best results, the bones are thoroughly 
washed before boding or steaming. Embfo 
bone fat was aho produced in Germany during 
the Great War (e/. EcLart, Z. Unters. Nahr. 
Genussm. 1922, 44, 1). Some manufacturers 
wash the bones with dilute sulphurous acid in 
order to check rancidification and to obtain a 
whiter fat (and a better glue). Rendered bone 
fats Can he bleached, but only the best qnahtics 
are likely to yield a good product. 

The highest yield of fat is obtained by 
extracting hones with an organic solvent, 
whereby tho bone tissues remain unimpaired 
and the whole of the glue-yielding substances 
can he recovered after the fat has been removed 
The extraction process is particularly apphed 
to degrease old and low-grade bones, and to 
remove the residual grease from “ packer ” 
hone^ which have been partially degreased by 
the boding or steammg process : the solvents 
emfdoyed are almost exclusively petrolenm 
spint (“ benzine ”) or Scotch shale od (b p. 

although attempts have been 
made to use chlorinated hydrocarbon solvents 
Owing to the porous texture of the bone tissue, 
vihich tenaciously retains air within the 
cftpdlanes, the extraction of the bones is 
attended with some difficulty, even when, as is 
preferable, the bones have been dried (to a 
* feet (and. In the U S A., the shin bones) of 
cattle and sheep are rendered separately as the liqiad 
oil obtained from the«e bones — the mol'i foot etl 
Of commerce — constitutes a more valuable product 
taanurdmary bone fat. 
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water content below 10%) before treatment. | 
Various devices to facilitate the penetration of 
the solvent, such as the introduction of it in the 
form of vapour, have been proposed (c/. von 
Girsewald, E.P. 430015 ; Savage, B.P. 278S91 ; 
Schlenker, Chem.-Ztg. 1929, 53, 837 ; Gunther, 
ibid. 1930, 54, 761). The fat obtained by 
the extraction process is dark-brown and has a 
penetrating, unpleasant odour : in addition to a 
considerable amount of free fatty acids, it may 
contain lime soaps, calcium lactate and 
butyrate, etc., and less volatile hydrocarbons 
derived from the “ benzine ” used as solvent, 
which are very difficult to remove, even by 
prolonged steaming. This grade of fat is very 
difficult to refine, as even when some immediate 
improvement is obtained, the colour and odour 
tend to “ revert ” after a short time. VoUand 
(G.P. 222669} proposes to bleach extracted bone 
fat by means of barium peroxide : concentrated 
hydrogen peroxide is claimed to be an effective 
(although expensive) bleaching agent, and 
treatment with hypochlorous acid, alkaU 
diohromate or activated bleaching earths has 
also been advocated (c/. E. T. Webb, “ Modem 
Soap and Glycerine Manufacture,” 1927 ; 
Uhl, Seifens.-Ztg. 1929, 56, 211 ; Eckart, i5td. 
240). 

Whilst the bone fat obtained by the boiling-out 
or steam-rendering processes can be employed 
for the manufacture of soap, the fat obtained by 
solvent extraction is qu(te unsuitable for this 
purpose in this country ; on the Continent, 
however, such benzine-extracted grease is used 
in small quantities for inferior soaps, especially 
when the price of alternative fatty materials is 
high. The bulk of bone fat is, however, used in 
candle- and stearine-worke, where it is hydrolysed 
by the autoclave or sulphuric acid process, the 
resultant fatty acids being purified by distilla- 
tion. Bone fats are also employed in the manu- 
facture of lubricating greases and stuffing 
greases. ” 

The chemical composition of bone fat lies be- 
tween that of marrow-fat and of tallow, the iodine 
value of fresh cattle-bone fat lying between 
45 and 60. Eckart (Z. Unters. Nahr. Genussm. 
1922, 44, 1) records the following approximate 
composition for three samples of pure ox-bone 
fat : stearic acid 19-21%, palmitic acid 20-21%, 
oleic acid 63-59%, glycerol 5-10%, unsapom'- 
fiable matter 0-5% (c/. Ericke, Z. deut, Oel-u- 
Fett-Ind. 1923, 43, 401). Linolic acid was not 
detected by Eckart, but Stadlinger and Tschirch 
(Chcm.-Ztg. 1927, 51, 607 el seq.), who examined 
a number of purified samples of laboratory- 
prepared and commercial bone-fa+s by thio- 
cyanometric analysis, obtained results indicating 
the apparent presence of from 5 to 10% of linolic 
acid. 

The valuation of bone-fat is earned out in a 
similar manner to that of tallow, but special 
precautions are necessary in order to avoid 
complications due to the presence of large 
amounts of free fatty acids, calcium salts and 
calcium soaps which retain water tenaciously 
(c/. Lewkowitsch. “Chem. Tech, and Analysis 
of Oils, Pats, and Waxes,” 6th ed., 1922, 
2, 759, Macmillan & Co.). Total jatly mailer 
(including neutral fat, free fatty acids. 


and fatty acids derived from the lime soaps) 
may be determined by warming the fat 
(10 g.) on the water-bath for an hour (with 
occasional shaking) with a few drops of strong 
hydrochloric acid (in order to decompose any 
soaps present) and then extracting the fatty 
matter ■with light petroleum (Shukoff and 
Schestakoff, Chem. Rev., Pett-u. Harz-Ind. 1898, 
5, 5, 21) ; any insoluble impurities can be 
separated by filtration, and examined. Any 
lime present may be determined by an analysis 
of the ash. The determination of the un- 
saponifiable matter is important ; amounts in 
excess of about 2% must be regarded as an 
impurity, indicating the adulteration of the bone 
fat with wool grease or low-grade waste fats, 
etc., containing a considerable proportion of 
unsaponifiable material. 

B o n e O i 1 . — Fatty boneoilconsistsofthemore 
liquid constituents of bone fat, which are 
separated from the higher melting components 
(“ stearin ”) by expressing slowly cooled bone 
fat in filter presses. Bone oil is used as a 
lubricant and to replace neat’s foot oil in the 
preparation of “ fat-liquors ” for the leather 
industries : a high-grade neutral bone oil is an 
excellent lubricating oil on account of its very 
low “ cold test.” (This fatty bone oil must not 
be confounded with._ “ Dippel’s oil,” some- 
times also termed “ bone oil,” which is obtained 
by the destructive distillation of bones in the 
preparation of bone charcoal.) E. L. 

BONE OIL. Animal oil, Dippd's oil. Oil 
of hartshorn, Oleum animale empyreumaticum, 
Oleum cornu cervi. Oleum Dippelii. [Knochenol, 
Thierol, Ger.) 

The product obtained by the distillation of 
bones in the preparation of bone black or animal 
charcoal. The first mention of an animal oil 
appears to be in the -writings of C. Gesner, 1652, 
and of A. Libavius (Alchemia Lib. II, Tract II), 
1695, whilst J. R. Glauber (1604—1668) also 
describes the unpleasant-smelling oil derived 
from the distillation of animal parts. The first 
consistent steps in the examination of the oil 
were made by J. Dippel in 1711, and afterwards 
by 0. Unverdorben (1826), who isolated from it 
four bases which he described as odorin, animin, 
olanin, and ammolin. The investigations of 
Anderson (Trans. Roy. Soc. Edin, 1849, 16, 
123, 463 ; 1853, 20, 247 ; 1857, 21, 219) were 
the first in which the pure pyridine bases present 
in the oil w'ere obtained. 

The bones are first boiled in a large quantity 
of water, which removes the greater part of the 
fatty matters ; they are then roughly dried and 
subjected to dry distillation in iron retorts, 
similar to those used in the manufactmre of coal 
gas. E. Alexeevski (J. Russ. Phys. Chem. 
Soc. 1921, 53, 306) reports that a better yield is 
obtained using horizontal rather than vertical 
retorts. Bone black or animal charcoal remains 
behind, and bone oil distils. The products of 
distillation are conducted through long iron 
condensing tubes, and led into receivers, where 
the crude bone oil collects, together ■with water. 
The gases are then passed into a separator 
containing sulphuric acid to retain the ammonia, 
and can afterwards be used for heating purposes, 
or, if passed through purifiers, for illumination! 
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A typical eniheis is as follows (AlexecTski, 

U.): 

Bone charcoal CS-70% 

Bone oil 5 3~()8% 

Arcmoniacal liquor 17-18% 

Gases . • 5-8% 

The crude oil is separated from the aqneoua 
distillate and u subjected to redistillation. The 
aqueous liquid consists of a solution ofammoDium 
sulphide, ammonium thiocyanate and cyanide, 
ammonium carbonate, and email quantities of' 
very volatile organic basea This is treated 
Vila sujpfcancacitl and aflemards distilled with 
ilaked-lime. The distillate, on treating with 
solid potash, yields large quantities of ammonia, 
whilst some odj bases separate out, and are after 
wards worked up with the basea contained m the 
crude oil. 

The crude oil is a dark brown, nearly black 
liquid, having a most offensive foetid odour, and 
sp gr 0 970 On subjecting it to redistiUation it 
b^ina to boil at 60°, when quantities of ammonia 
come over togetier wi tA an orf rAetemperartm! 
rises very gradually to about 250°. From 180“ 
upwards the distillate contams large quantities 
of ammonium cyanide and ammonium carbonate 
which tend to choke the condenser. A black 
resmoua tar remains, which is employed m 
making Brunswick black. 

The following substances havo been isolated 
from bone oil by fractional distillation combined 
with treatment with acids to separate basic from 
non basic constituents 

C/iit/ Cenitilutnt} Suiiidiary Constituenta. 
Butyronitnle. Mcthylamme. 

Vaieromtnle Etbylamine 

Hexonitrilc. Aniline. 

/sohesonitnle. Pyridine 

Dcconltnle. Jlcthylpyridine 

Palmitonitnle. Dimethylpyndine. 

Stcaronitnle. Quinoline. 

Pyrrole Phenol. 

Methjlpj rrole Propionitnle. 

Bimeth) Ipiirole Valeramide. 

Toluene. 

oirto. 

b^ii^is Naphthalene. 

(Wcidel and Cnmician, Ber. 18S0, 13, 65.) 

As to the formation of the Taiious compounds 
in bone oil, the nitnlcs are formed by Ihej 
action of ammonia on the fatty acids, pyrrol© I 
and the pyrroles are the products of decomposi- 
tion of the gelatinous "abstanecs, and pyndiD© 
and Its derivatives are condensation products of 
acrolein, from the dry' distillation of the fats, 
with ammonia, mcth^lamine, etc. 

BORACrC ACID or BORIC ACID v. 
SOBOSC. 

BORAC1TE. Borate and chloride of mag- 
nesium. GMgO MgCl,-8B,0,. forming amsU. 
bright, sharply developed cubic crystals of 
tetrahedral symmeliy, in which the cube faces 
iimallj predominate. The crystals are interest- i 
iiig on account of their strong pyro electrical 
th vracters, and the optical anomalies which they 
exhibit. Each cubic crystal Is built up cif 
twelve rhombic pyramids, the bases of which 


coincirie with the twelve faces of the rhombic, 
dodecahedron and th© apices meeting in the 
centr© of the group. At a temperature of 
265“ the birefringence and twin-lamells dis- 
appear and the crystal is then truly cubic. This 
affords a good example of an cnantiotropic 
change jn atate, the cubic modification being 
BtabI© only above this temperature. The 
crystals usually occur embedded m gypsum, and 
are bounded on all sides by bnght feeets. 
Sp gr 2 9-3 0, H. 7 (as high as that of quartz). 
They are found in considerable numbers at 
Luneburg, m Hanover, and at Stassfuit, and 
elsewhere m the Prussian salt-deposits. A 
massive earthy variety, known as “ stassfurt- 
ite,” occurs as nodules at Stassfurt m 
quantities sufficiently large for collecting for 
commercial purposes. L. J. S. 

BOraL. Alummium boro-tartrate. 

BORAX. As a mineral, borax, 

NajB^Oj.lOHjO, 

W Aroflrf as an eiSareaceacv and as mono- 
clinic crystals, sometimes of considerable size, 
on lb© shores of the salt lakes of Tibet and 
Cshfonua. In San Bemsrdmo and I^ke 
coontiea m California there are several places 
knowti as “ Borax Lake ” ; but most of the 
boratea commercially mined in this region 
belong to other species (ulexite, colemanite, etc.}. 
Th© ^betan deposits extend from the lake* 
plam of Pugha in the west to the lakes of 
Tengri Nur in the east, and formerly, since very 
early times, much crude material was exported 
undertbe name oftincaUv. Bobos). L. J, S. 

BORDEAUX MIXTURE. A mixtnre of 
lime and copper sulphate used as a fungicide, 

“tJORlC ACID PHOSPHORS" t. 
Bobok, Bobic Ach). 

" BORNEO-CAMPHOR " f. Bobniol. 

BOrnEOL and ueBORNEOL. 

H,C— CMe— CH-OH 

I ‘ 


CMe, 


-1h, 


Th© secondary alcohol, borneol, C»H„0. 
owing to its highly' crystalline form, was early 
fc^oghised as a constituent of essential oils and 
it wsa frequently confused with camphor. 
d-Eorneol, ** Bomeo-camphor,” forms the main 
constituent of the oil from Dryobalanops aroma' 
bca, Gaertn, l-bomeol or “ Ngai camphor ” 
occurring in the oil from JHamea baUatntfera. 
Both of the optically active modifications and 
also the racemic form have been found in 
numerous other oils. 

Th© presence of laobomeol has only been 
recorded in one essential oil, namely, that from 
Jttmperua tzuUa (Rutovski and Vinogradovo, 
1028. B. 768). 

Borneol cryetallises in the hexagonal system 
and it resembles camphor in its odour. The 
and i* forms havo m.p. 208 5®, hp. 212®, 
'Jd i37 D2* (in toluene) ; dl-bomeol has 
I P* 2IO-3*, d* and I- laobomcols melt at 214®, 
Wn i34 1“ (in ethyl acetate). Borneol and iio- 
borneol are most conveniently identified by the 
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preparation of the •p-nilrohbnzoates, melting 
respectively at 137° and 129° (Henderson and 
Heilbron, Proc. Chem. Soc. 1913, 29, 281). 

The configuration of the alcohols has been the 
subject of much discussion, but the investiga- 
tions of Asahina and Ishidate (Ber. 1935, 68 [BJ, 
655 ; 1936, 69 [B], 343) and of Komppa and 
Beckmann (Annalen, 1936, 522 , 137) show that 
borneol has the endo- configuration (I) and iso- 
borneol the exo- (II), thus confirming the 
structures suggested by Vavon and Peignier 
(Bull. Soc. chim. 1924 [iv], 35 , 925 ; 1926 [iv], 
39 , 924). 

•OH ..H 


H,C— ClVle— C< 


HjC 


CMe, 

-ia- 


\ 


HX— CMe-C< 


H 


CH, 




Me, 


\0H 


HaC—CH CHj 

II. 


There are available a large number of methods 
for the preparation of the borneols. Their 
formation by the reduction of camphor with 
sodium and alcohol (Jackson and Menke, 
Amer. Chem. J. 1884, 5, 270) and by the catalytic 
hydrogenation of the ketone in the presence of 
platinum black, when isoborneol forms approxi- 
mately 80% of the product (Vavon and Peignier, 
Bull. Soc. chim. 1924 [iv], 35 , 925), provides 
conclusive proof of their constitution. Of 
fundamental importance was the observation of 
Bouchardat and Lafont (Compt. rend. 1887, 
104, 1717 ; Bull. Soc. chim. 1887 [ii], 48, 781 ; 
Ann. Chim. Phys. 1880 '[vi], 9, 509 ; 1888 [vi], 
15, 145 ; 1889 [vi], 16, 230) that a mixture of 
the alcohols was obtained by the hydration of 
oil of turpentine (a- and /9-pineites). In their 
original experiments Bouchardat and Lafont 
showed that when oil of turpentine u’as heated 
at 100° with glacial acetic acid a mixture of 
bornj’l and j'sobornyl acetates was formed, the 
alcohols being optically active. isoBorneol is 
obtained also, together with some borneol, by 
the hj'dration of carapheue as was first observed 
by Kachler and Spitzer (Annalen, 1879, 200, 
340). The hydration of the pinenes and of 
camphenc, so largely utilised in the manufacture 
of the borneols, an intermediate stage in the 
manufacture of “ synthetic ” camphor (g.a.) has 
formed the subject of intensive study and the 
use of a great variety of reagents has been 
suggested (see Cornubert, “ Le Camphre et ses 
Derives,” pj). 49 et seq. ; Aschan, “ Naphthen- 
verbindungen, Terpene, und Campherarten,” 
p. 163). The conversion of a- and ^-pinene (III) 
and (IV) and of camphene (V) into the alcohols 
involves a Wagner-Meerweiu . rearrangement 
and attention is directed to the investigations of 
Mcerwein and his collaborators (inter alia, 
Ber. 1920, 53 [B], 1821 ; 1922, 55 [B], 2506) which 
have shown the alcohols, borneol, isoborneol, 
and camphene hydrate to be tautomerides. 


H„C— CH— CIVlea 

CH, 

I 

H^fc— CH— fc:CH„ 
V- 


The borneols are oxidised very readily to 
camphor. Technically a catalytic process is 
employed with a nickel catalyst containing 
about 10% of cobalt or iron oxide at a tem- 
perature of approximately 200°, when the yield 
of camphor approaches 97%. Oxidation of 
bomyl acetate with chromic acid gives hydroxy- 
epicamphor (Schrotter, Monatsh. 1881, 2, 

224 ; Bre'dt and Goeb, J. pr. Chem. 1921 
[ii], 101, 273). By the action of hydrogen 
chloride in acetic acid on bornyl and isobornyl 
acetates bornyl and rsobornyl chlorides are 
formed (Kondakov and Schindelmeiser, J. 
pr. Chem. 1907 [ii], 79, 569). Dehydration of 
the alcohols results in the formation of camphene, 
the loss of water proceeding somewhat more 
readily in the case of borneol. J. L. S. 

BORNEO TALLOW (I'enijkawang-, Seng- 
kawang-fat ; Malay Mtnyak Tengkaivang) is 
a generic term applied to the fats obtained from 
the kernels of a number of closely allied Wees 
of the genera Skorea ^ and Isoplera (Fam. 
Diplerocarpacese), all of which are indigenous to 
the Sunda Islands, Malaya and Indo-Clnna. The 
five species, S. stenoptera Burck, S. lepidoia Bl. 
(=5. aptera Burck), S. Gysbertiana Burck, 
S. Thiseltoni King, and Isoptera borneensia 
Scheff, may be mentioned as the most important 
sources of commercial Borneo tallow, but it 
has been stated that as many as eighty 
“ varieties ” of “ tengkawang ” are recognised 
by the natives (c/. A. J. Bal, “ De Tengkawang 
in de Westafdeeling van Borneo ” ; Landbouw, 
Buitenzorg, 1933, 9, No. 5, 211 (summary in 
Bull. Mat. Grasses, 1934, 18, 165); Heyne, 
“ De Nuttige Planten van Niederlandsch 
Indien,” 1927, vol. II). 

The fruits are collected and shelled by the 
natives, as only the kernels are exported. 
In order to facilitate the removal of the hard 
fruit-shells, these are softened by soaking tho 
fruits for a few weeks in running water (which 
also effectively kills any insect parasites), or 
by storing the fruits in heaps in a moist place 
until germination begins and the shells become 
ruptured by the young growing shoot ; in some 
districts the nuts are smoked. Tho separated 
kernels are split and dried in the sun and 
constitute “ padi tengkawang ” or the so-called 
(Borneo) lUipo Nuts'' of commerce, which are 
exported to Europe (mainly via Singapore) for 
expression. Various commercial varieties of 
Shorca nuts are described in the trade as “ Large 
Black Pontianak Dlipe Nuts,” “Small Black,” 
and “ Large ”and“ Small ” “ Brown Pontianak 


HC— ClVIe=CH 

!\ i 

I CMe, i 

II 'I 

HX— CH — CHj 
III. 


HC— ClXHj)— CHj 

\ ( 

CMe, 1 

I ‘ I 

HjC— CH CH, 


IV. 


* Shorca trees ate also sources of resins of the 
dammar chiss (cf. Wiesner, “llohstoffe des Pll.mzen- 
rcichcs Heyne, " Ue Nuttige Planten van Nieder- 
landscli Indien,” 1927). 

•*111030 “Illipg Nuts" and “Hlijw (=Borneo) 
tallow" must not be confounded with tlie true “illipd 
nuts” of India which furnish the softer “iilip^ 
butter.” and are derived from the tree TtasMVf longt- 
folia L., N.O. Sapotacece. See BassIA Pats. 
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nbpo Nuts.” and “ Large ” and SmaB 

Sarawak IDipe Nuts," the ” black ” grades 
being the higher quahty and richer m fat. 
tnercial lihpc nuts also include “ SniaU Siat 
Illipe Nuts,” which are smaller kernels derived 
from one or more species of the genus Pala 
quium (probably chiefly Pal. (Mongtfoltum 
Bnrck),‘ which are trees belonging to the same 
botanical family, -m. Sapolaeeei, as the true 
Indian illip6 (see Bassia Fats) , Palaqmvm' 
kernel fat should properly be termed Njatua 
tal low (Malayan “ Mmyak Nj atoh ”) or T aban 
Merah fat. 

The tengkswang kernels contain from about 
43 to 61% of fat, according to the speaes and 
quality. A certain amount of the fat is pre- 
pared by the natives for local use as food by 
boiling out the pounded kernels with water ; 
commercial Borneo tallow is, however, pro- 
duced in Europe by expression of the kernels, 
the export of the fat having practically ceased 

Borneo tallow expressed ftom Skorea kernels 
IS a hard non-greasy fat, melting at 28'‘-3S‘'C. 
and possessing a not unpleasant odour, and a 
pale green colour which may fade to a pale 
yellow and ultimately to white on prolonged 
exposure to light. Apart from its colour. 
■Skorea fat closwy resembles cacao fat (g v ) m 
physical properties . m particular, it ^splays 
a smular combination of a low melting point 
and a characteristic brittle consistency (“ snap ”) 
which renders it valuable as a substitute for 
cacao butter m the manufacture of chocolate 
and confectioner} . For the detection of Borneo 
tallowio cacao fae, tee Tate and Pooley (Analyst. 
1921, 46, 229) ; I^app, Moss, and Melley (((id. 
1927,52, 452). ^VbiLst the l*ontianak and 
Sarawalk nnts are almost exclusively employed 
for such edible purposes, tho white fat from the 
(Siak varieties is at present mostly consumed 
ID the manufacture of soap , it would appear 
from the study of the constitution of this fat by 
Hilditch and Stainsby ( J.S C I 1934, 43, 199) 
that Palaqufum fats might also be usable as 
substitutes for Borneo tallow in coafectioueiy. 
According to Heyne, however, the native- 
prepared balam fat (from Pal. hufauri/olivm 
Pierre) has a bitter taste and is unsuitable for 
edible purposes. 

The iodine value of Borneo tallow is about 
2S-35j the fatty acids have a high melting- 
point, viz. Afl-SS^C. In the case of a sample of 
Borneo tallow, m.p. 36-36 S^C .iodine valne 32 3, 
examined by Hilditch and Priestman (J S.C.I. 
1930, 49, 197T), the fatty acids had the foDow- 
mg composition : mynstic acid 1 5%, palmitic 
acid 21 6%, stearic acid 38-7%, and oleic acid 
38'2%. As in the analogous case of cacao 
butter (j.v.), the peculiar physical characters of 
Borneo tallow, to which it owes its use as a 
chocolate fat, are a conseqnence of its com- 
paratively simple glyceridic composition and 
the predominance of the mixed glyceride, oleo- 
palmito-stearm, which, together with oleo- 
distearin and oleo-dipalmitin, constitutes from 

* This is now considered to be a race of the gutta- 
rerchs tree Pal. guita Bnrck (e/. HevDe, '• De Knttige 
Planten van Mcderlandsch Indlen,‘‘ 1927). The faU 
from Pal. Burefeii Lam. and Pal leaUunfolium Pierte 
are tnown by the native names of ’‘soental*’ 

balam " fats respectively. 


78 to 87% (probably at least 85%) of the fat • 
about 4 5% of fully satuiated glycerides, and 
only minor amounts, if any, of di oleoglycendes 
and tnolein,are present (Hil^tchand Pnestroan). 

Individual fats from Shorea Gysbertiana 
BuTck, laoptera borneeTitia ScheS (” Teglam 
fat”), and S!i. Thtselloni King, have been 
desenbed by Brooks (Analyst, 1909, 34, 20C1, 
Spnnkmeyer.and Diednehs (Z. Unters. Naht. 
Gennssm. 1912, £3, 689), and Georgi (Malaj. 
Agnc. J 1924, 42, 77). 

Njatua tallow (“Mmyak Nyatoh”).— Pala. 
guiumfat (m p 38°-^2®C., iodine value 36-46 ; r/ 
Bull. Imp Inst. 1915, 13, 335 ; Georgi, Malay. 
Agnc J. 1923, 11, 38 ; Hilditch and Stainsby, 
J S C 1. 1934, 43, 199) has a higher melting point 
and contains a higher proportion of stearic acid 
than the Shorea fats, as is shown by the following 
analysis of the fatty acids of a sample of Njatua 
fat (probably fromPaf. ofiZowgi/ohtim) by Hilditch 
and Stainsby (le.); mynstic acid 015% 
palmitic acid 5 9^^ stcanc acid 54 0%, oleic 
acid 39 7%; the fat contained about 77% 
of moRO-oleo disaturated glycerides (mainly 
oleo distearin) and about 21% of diolco- 
stearin. E. L 

BORNESITOL, C,H,(OH)sOMe. mp. 
199*. («](, -1-31 6°, 13 the monomethyl ether 
of s mositol which is present in Borneo rubber 
latex It 19 isomeric with sequoyitol. 

E. i\ A. 

BORNITE. A sulphide of copper and iron, 
of importance as an ore of copper(Cu 45-71%), 
On a freshly fractured surface the colour is 
dark bronze, but this quickly tarnishes to purpie 
or deep reddish ; hence the names pu^le 
copper-ore, variegated copper-ore (Buntkup- 
feretx), erubescite, and the Cornish miner’s 
name hoise flesh ore. Further alteration pro 
duces A black sooty coating. The massive ore 
IS always much intermingled with chalcopynte, 
and even the rarely occurring cubic crystals 
usually contain a nucleus of chalcopyrite 
The exact composition of the mineral has 
therefore long been doubtful ; analyses by 
B J. Harrington (1903) and E. T. Allen (1916) 
of carefully selected material gave the formula 
Cu,FeS> ; this is the bomite of W. Haidinger 
(1845). Bormte of F. S. Beudant (1832) is an 
obsolete spioitym of tetradymite or tellunc 
bismuth L. J. S. 

BORNYL CHLORIDE and isoBORNYL 
CHLORIDE. 

HjC~CMe— CHCI 

I CMej 


Hj;C— CH CH. 

The chloride, now known as bomyl chloride, 
waa prepared first by Kindt in 1802, who 
observed that when hydrogen chloride was 
passed into oil of turpentine a crystallme 
substance separated to which he gave the name • 
“ artificial camphor.” It waa known sub 
sequently as “ pinene hydrochloride ” and 
regarded as a true derivative of pinene although 
the researches of Berthelot (Annalcn, 1859. 
110 , 37 5 Compt. rend. 1862, 55, 496) and of 
Riban (Ann. Chim. Phys. 1875 [v], 6, 23, 363) 
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rendered this extremely improbable. The true 
pinene hydrochloride was prepared by Asehan 
(Ofvers, Rinska Vet.-Soc. 1914, 67, Xo. 11) and 
by Meerwein and Emster (Ber. 1922, 55 [B],- 
254). 

jsoBomyl chloride was obtained first by 
Berthelot (l.c.) by the action of hydrogen 
chloride on camphene. 

Bomyl chloride crystallises in leaflets, m.p. 
132°, b.p. 207°-208°, Md ±33-5° (in alcohol). 
lioBomyl chloride melts at 161 ‘5° although lower 
melting-points have been recorded, since it is 
very difiScult to obtain this chloride quite free 
from traces of camphene hydrochloride and 
bomyl chloride. It appears doubtful if it has 
been obtained opticalty pure. 

Since the two chlorides can be prepared 
respectively from borneol and tsobomeol (q.v.) by 
replacement of the hydroxyl groups by chlorine, 
as was first observed by Wagner and Briclcner 
(Ber. 1899, 32, 2302), it follows that they must 
be the endo- and exo- forms represented by (I) 


and (II). 



.Cl 



HoC— CMe— C< 

J l^H 

HjC- 

-CMe— C 

1 

CMe„ ( 

1 


CMe^ 

HjC— CH CH, 

HjC- 

-CH — C 


I. II. 

HoC— CH— CMe, 

I 

CHj 

HjC— CH— CMeCI 

in. 

The formation of bomyl chloride from pinene 
and of tsobomyl chloride from camphene 
involves a Wagner-Meerwein change, and, as 
Meerwein and Emster (Ber. 1920, 53 [B], 1821 ; 
1922, 65 [B], 2056) have shown, bomyl cUoride, 
isobomyl chloride, and camphene hydrochloride 
(III) are tautomerides. This explains the 
difiiculties encountered in their purification. 

In view of its industrial importance, the 
best conditions for the preparation of bomyl 
chloride from pinene have been carefully studied. 
It is essential for high yields that both the 
hydrogen chloride and the h 5 ’drocarbon should 
be rigorously dried and also that the tempera- 
ture during the passage of the gas should not 
exceed 30°. Vigorous stirring also improves the 
yield. As a general rule this is approximately 
55-65%, although yields up to 75-86% have 
been obtained in the laboratory (Pariselle, 
Compt. rend. 1923, 176, 1901). Bomyl chloride 
can be obtained also by the action of hydrogen 
chloride or phosphoras pentachloride on bomeol. 

rsoBomyl chloride is prepared most con- 
veniently by the action of hydrogen chloride on 
camphene. Thg primary product of the reaction 
is here camphene hy^ochloride, but this 
substance isomerises readily. If, therefore, the 
reaction is carried out in either ethyl or methyl 
alcohol solution fairly pure frobomyl chloride 
crystallises out. The chloride can be obtained 
VoL. II.— 3 


also by the action of hydrogen chloride or 
phosphoms pentachloride on fsoborneol. 

Elimination of hydrogen chloride from either 
of the chlorides gives camphene, the loss of 
hydrogen chloride occurring with somewhat 
greater facility from iaobomyl chloride. Whilst 
this elimination can be eSected with all alkalis, 
technically sodium stearate, phenate or 
cresofate are as a mle used ; the reaction is 
carried out under pressure at a temperature of 
about 200°. The yield of camphene is in the 
neighbourhood of 90%. 

The chlorides are highly resistant to oxidising 
agents. With nitric acid they give ketopinic 
acid (Armstrong, J.C.S. 1896, 69, 1397) and 
camphoric acid (Gardner and Cockbum, ibid. 
1898, 73, 278). Reduction of either of the 
chlorides gives the parent hydrocarbon, 
camphane. J- L. S. 

BORNYLENE, 

HjC— CMe— CH 
CMe^ 

HjC— CH CH 

The hydrocarbon, bornyhne, which does not 
appear to occur in nature, is known in both 
I optically active modifications ; d-, m.p. 113°, 

I b.p. 146°, [a]j) — 2T69° (in toluene, c, 10-46) ; 

1 1-, m.p. 109°-109-5°, b.p. 146-5°/756 mm., [alp 
-f-19-29° (in toluene, c, 12'75). It can be readily 
characterized by the preparation of the nitrosite, 
m.p. 163° (Henderson and HeUbron, J.C.S. 
1911, 99, 1891). Although bornylene was pre- 
pared as long ago as 1879 by Spitzer (Annalen, 
1879, 197, 129) by the action of sodium on 
2:2-dichlorocamphane, pure Z-bomylene was 
first obtained by Bredt and his collaborators 
(Aimalen, 1909, 366, 1 ; J. pr. Chem. 1911 [ii], 
84, 778 ; 1931 [ii], 131, 137) by the action of 
heat on the sodium salt of d-2-bromocamphane- 
3-carboxjdic acid (I). The yield is, however, 
poor. The hydrocarbon can be obtained also, 

HjC— CMe— CHBr 

I 

CMej 

HjC— CH — CH-COgH 

I. 

HjC— CMe— CHOCSaMe 

CMe, 

I 

HjC— CH CHj 

II. 

in a somewhat less pure form, by the distilla- 
tion of methyl bomyl (or tsobomyl) xanthate 
(II)(Tschugaev, J. Russ. Ph 3 's. Chem. Soc. 1900, 
32, 332). Bornylene prepared by this method 
is contaminated with tricyclene, which can, 
however, according to Henderson and Caw 
(J.C.S. 1912, 103, 1416), be removed by oxida- 
tion with hj’drogen peroxide. The hydrocarbon 
obtained bj"^ this method is opposite in sign to 
the alcohol used for its preparation. Bornylene 
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U formed also 12 a number of other reactions 
(Gngnard, Bellot, and Courtot, Ann. Chun. 
Phya. 1919 [ix], 12. 374 , Aschan, Ber 1912, 45, 
2306 ; P.uzicka, Heir Cbm. Acta, 1920, 3, 
745). On oxidation bomylene fields cam- 
phoneacid, thus confirming the strueture assigned 
toil. J. L S 

cpflBORNYLENE. 

H,C— CH— CH 


H,C— CH— CH 

Tbs hydrocarbon, mp 335®-36*, 

bp. 136®-137'', turn , is lormed nben methyl 
campheniJyl xanthate 1 1) is distilled (Wagner 
and Lemiicheiisli. Beilstein, ' Handbuth der 
Organischen Chemie, 4th ed , 5, 123) and also 
when caniphemlyl chloride (II) is warmed with 
potassium phenate (Lipp and Daniels, Ber 
1936, 69. fBj, 56S). In both these reactions 

H,C— CH— CMCj 

HjC— A h— CH OCS,Me 
J. 

H,C~CH— CMe. 

1 I 

H,C— Jh— CHCI 

n. 

HjC— CH CO,H 

^Me. 

MtC—iH CO,H 
HI. 

a WagnerOIeerwein rearrangement is intoUed. 
On oxidation with potassium permanganate 
the hydrocarbon yields cis apocamphonc acid 
(lU). J. L. S 

BORNYVAL. Trade name for bomyl 
Movalerate, CHMe,-CH, COjCjpK,., bp 
25o°-260“. Used m the treatment of nenr 
asth®ma. 

BORNYVAL, NEW. Xcobornyra]. 
Bornyl isovaleroylglycollate, 

C.HjCO OCH, COOC,oH„. 

a substitute for Bornwal [q v ). 

BOROCAINE. A bone acid salt of 
P-dicthylaminoethyl p-aminobenzoate (pro- 
caine, noTOcame, ethocaiae), 

(Ci,H„N,0,V5B,03.4HjO. 

Local anaesthetic. ^-Borocairu, 

CisHj^NOj-SHBO,, 

a boric acid salt of benzamine (betacame, 

“•003210), 4-ben2oyloiy-2.2.C-trinietb3l- 
jupendine (Extra Pharniatopceia, 1932-1935). 

BOROCARBON. Trade name for conm- 
dum. 


BORO-GLYCERINE. A mixture of glj. 
certl borate, glycerol, and bone acid containing 
about boric acid, prepared by heating 320 g. 

bontf acid with &40 g. gly cerol to a temperature 
below 130® until the total weight is 850 g., and 
after cooling adding 100 g. bone acid, (B P.C 
1934 } 

boron, so named by H. Davy in lgi2, 
IS the element of atomic number 5 at the head 
of ipe third group of the periodic table. Its 
atomic weight is 10 82, resulting from the 
presence of two isotopes ”B and *iB in boron 
and all its compounds. Boron is tnvalent in 
the borates and in BCI3, but not m the bondes 
of tbe senes B*X (where X is mono-, di-, tci , 
and tetravaient), and m the hydrides B,H, and 
B,Hi 9 “ The electronic structure of these hy- 
drides IS still uncertam, but there seems to be no 
escajic from the view that some of the hydrogen 
boron attachments are singlets involving 
only one electron. As each singlet is equivalent 
to half a CO valency it may be said that the 
theory of integral valencies which was fbundfid 
by Ketuld on the hydrocarbons has now 
foundered on the hydroborons.” (G. T. Slorgan 
“ A Survey of Modem Inorganic Chemist^,” 
Inst. Chem. Lecture, 1935, 50 ; c/. W. Wardlaw, 
Ann. Report Chem Soc. 1934, 110; Morganaod 
BurstaU. “ Joorgamc Chemistry,” p. 87, flefier, 
Cambridge, 1930.) 

Boron does not occur in the free state. Crude 
borax or tmeal, Na.B^O^rlOHpO, came to 
Europe from Asia m the Middle Ages. In 1703 
Homberg separated from it a substance which he 
named sal tedalirum ; this was recognised as the 
acid of -borax by Barpjj iu 1 747. (For the bistc:}’ 
of boron, iu J. W, hlellor, “ Inorgamc 
Chcniistrr,” 1924, V, 1.) The element was 
isolated but not at first studied by H. Davy, 
who electroly sed moist horio oxide (Phil. TYans 
IS08, 98, 43 ; 1809, 99, 75). Gay-Lussac end 
Thcnard (.Ann. China. Phya. IS08 [ij, 68, 169) 
heated bone oxide with potassium m a copper 
tube and published the earhest description of the 
properties of the element. Berzebus determined 
the proportion of oxygen in boric oxide (Pogg 
.Ann. 1824, 2, 113), and Avogadco (Mem. Accad 
hci, Torino, 1821, 26, 1), reasoning from J 
Davy’s value for the vapour density of boron 
fluorfde (PhiL Trans. 1812, 102, 366) deduced its 
forinula to be BF, and that of bone oxide as 
B.Oj. and thus enabled many boron compounds 
to be formulated. 

OCCUSXEXCE. 

Boron is widely diS'used in nature although 
its total proportion m the earth’s crust ('ea 
, included) was estimated by P. W. Qarhe 
and H. S. Washington (Pro:. Xat. Acad. Sci. 
Washington, 1922, 8, 114) as not exeeedmg 
10 p p m. Ocean water contains 15 g. B,0, per 
cubic metre according to K. Bnch {Nature, 1933, 
131, 688), a quantity sufficient to influence the 
carbonic acid equibbrium. V. M. Goldschmidt 
and C. Peters (Nachr. Gcs. Wiss. Gottingen, 
1932, 402, 528) found 01% in argillaceous 
scdintentaiy rocks, 0 001% in granites, and a 
smaller percentage, 0 0003% in meteontes. 
Boron lines have been observed in the spectrum 
of sun spots (S. NichoUon and N. G, rcrrakis, 
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Phys. Radium, 1929, [vi], 10, 49). It appears 
to be a constituent of all vegetable and animal 
organisms (c/. Ash, Boron). It is found in 
fruits, common vegetables, fungus, flour, 
tobacco, hops, beer, grapes, wine, etc. (Jay, 
Compt. rend. 1895, 121, 896 ; 1914, 158, 357). 
Fruits contain 28-112 mg. boric acid, H3BO3 
per kilo of dry material, wheat flour 2-8 mg. 
(G. Bertrand and H. Agulhon, Compt. rpd. 
1914, 158, 201 ; G. Bertrand and de Waal, idid. 
1936, 202, 605). They found in 1 kg. of fresh 
material, horse muscle 0-07 mg., rabbit muscle 
0-16 mg., white of egg 0-79 mg., yolk 0-45 mg., 
beetroot 432 mg. Cow’s milk contained l-l mg., 
human milk 0-45 mg. boric acid per litre (BuU. 
Soc. chim. 1914, [iv], 15, 292). S. Dodd 
(Analyst, 1927, 52, 459) found 0-01% boric acid in 
chocolate and 0'02 to 0-08% in cocoa beans and 
cocoa. 

A small proportion of boric acid is of critical 
importance for the growth of plants, even 0-5 
mg. per litre of nutrient medium had a marked 
effect on the development of the tropical lily 
Xymphma, T. Schmucker (Naturwiss. 1932, 20, 
839). A deficiency in boron is associated with 
diseased conditions in apples, sugar beet, com, 
turnips and tomatoes. Growth is, however, 
inhibited by excessive amounts of boric acid. 
With lettuce 0-4 to 0-7 p.p.m. in the culture 
gave vigorous growth ; concentrations of 1-0 to 
2'5 p.p.m. were increasingly toxic (J. S.McHargue 
and R. K. Calfee, Plant Physiol. 1933, 8, 304; 
see also L. G. Willis, “ Bibliography of Refer- 
ences to the Literature on the Mhior Elements 
and their Relation to the Science of Plant 
Nutrition,” 1935, 275, with many references to 
boron). 

The use of boric oxide as a food pre- 
servative is now illegal in Great Britain (Statu- 
tory Rules and Orders, 1925, No. 775 ; 1926, 
No. 1557 ; 1927, No. 577 ; Public Health 
(Preservatives, etc., in Food) Regulations, 
1925). 

Boron 31inerals and Sources . — Boric acid or 
boracic acid, H3BO3, occurs as the mineral 
sassolite, triclinic crystals, found in volcanic 
craters and abundantly in solution in the 
Tuscan lagoons, whence it is extracted. Borax 
((!-.a.),Na2B,O„10H„O, is deposited by the salt 
lakes of California and Tibet. Colemanite, 
a hydrated calcium borate, Ca2B50n,5H20 
(California), ulexito or boronatrocalcite 
Iq.v.), NaCaBjOg.SHjO (Chili, Argentine), 
and pandermite, CajBijO 23,9 H2O (Turkey) 
are mined and exported. Borocaloite, 
CaH2B408,3H20, and laderellite, an ammo- 
nium borate, (NH4)2(B308)2,5H20, are 
found in Tuscany. Boracite {q.v.) collected 
and marketed in Stassfurt has the formula 
(Mg3BgOj5)2MgCl2. Magnesium borates, 
considered to be transformation products of 
boracite, are pinnoite, IVIgB204,3H20, ascharite, 
MgHB03, and kaliborate, 

KMg2B4j0i3,8H20. 

The gem tourmaline is a complex borosili- 
cate of aluminium (for boron minerals v. Doelter, 
Mineralcheraie, 1926, III, ii, 375-435). The 
fumaroles or soffioni, jets of superheated steam 
(100“to 190°) escaping from the earth in Tuscany, 


are an important source of boric acid, the 
condensed water deposits about 7 g. per litre of 
boric acid, and retains in solution about 0'5 g. 
The jets are piped and drive turbo-generators 
and thus furnish electric power for the district 
(P. Ginori-Conti, “ Utilizzazione dei sofifione 
boracifera di Larderello ad cnergia industriale,’’ 
Florence, 1917 ; G. Ginori-Conti, “ L’industria 
boracifera. I progress idell’ industria chimica 
italiana nel 1° decennio di regime fascista,” 
ed. D. Marotta, Rome, 1933). 

Pkepabation. 

H. Davy (Phil. Trans. 1809, 99, 37) obtained 
boron on the cathode as a dark combustible 
powder when moist boric oxide was electrolysed 
between platinum poles. A long serie3__of 
methods then followed in which powdered filled 
boric oxide was heated with reducing agents. 
Gay-Lussac and Thenard (he.) heated a mixture 
of boric oxide and potassium in a copper tube. 
The method was modified by Berzelius (Pogg. 
Ann. 1824, 2, 139). F. Wohler and H. )St. Claire 
Deville employed a mixture of boric oxide and 
sodium which was covered with sodium chloride 
and heated in an iron crucible (Compt. rend. 
1857, 45, 888). H. Moissan found that the boron 
obtained by these methods was very impure, 
even after repeated extraction with boiling 
hydrochloric acid. A product prepared by 
Wohler and St. Claire DeviUe’s method con- 
tained only 71-97% B (Ann. Chim. Phys. 1895, 

I [viij, 6, 299). W. Kroll (Z. anorg. Chem. 1918, 
102, 10) improved the sodium reduction method 
by the substitution of a nickel crucible for iron, 
the employment of a lower temperature and the 
exclusion of furnace gases. The product purified 
by extraction with hydrochloric and hydro- 
fluoric acids contained 0-1% nickel and 3-8% 
sodium but as much as 20% oxygen. With 
calcium as the reducing agent instead of sodium 
the product was calcium boride, containing, 
after acid treatment, 30-5% Ca. The reduction 
of boric oxide by magnesium, tried without 
success by- C. Winkler (Ber. 1890, 23, 772), was 
investigated by Moissan (Ann. CHm. Phys. 
1895, Ivii], 6, 307), who, to avoid insoluble 
borides, employed less than the theoretical pro- 
portion of magnesium in the first stage of the 
process. Three parts of anhydrous boric 
oxide and one part of magnesium filings heated 
to bright redness in a clay crucible (preferably 
lined, v. infra) yielded a melt containing a 
brown core. This portion was pulverised and 
boiled successively with water, hydrochloric 
acid, alcoholic potash, water, and hydrofluoric 
acid (50%). The washed and dried residue 
contained 93-97-95% B and 2-28-4-05% Mg. 
For further purification it was then strongly 
heated with fifty times its weight of boric oxide 
in a crucible lined with a mixture of carbon 
and titanic oxide. The mass obtained by this 
second fusion was purified as before. Moissan 
claimed for the final product a purity of 99-2— 
99-6%. The process gives a small yield and is 
very -tedious. This “ classical” method for the 
preparation of amorphous boron has been 
criticised by Stock and HoUe (Ber. 1908, 41, 
2099) who obtained boron of only 86%, similarly 
Weintraub, 88-90% (Trans. Amer. Electrochem. 
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Soc 1000, 16, 167) , W. Kroll (Z nnorg Chem 
lOlS, 102, 2) foUoKing fbe direcfwns o/JIoissan , 
and lYfintraub and taUng many pretantiona | 
tireparod boron analysing 91 G%. B. L 
Hackspdl {Helv Chim- Acta. 1933, 16. 1111) 
defonds the method, provided that the ongmal 
directions are ngorously earned ont- 
A Binet du Jassonneix (Ann Chim Phya 1909. 
(Tin), 17. 161) shortened the process by Icvign i 
tion with water, the bondta being apecilicnlly 
heavier than boron Prolonged treatment of the 
lighter fraction with hydrochloric, bjdfoflBoric, , 
and sulphunc acids yielded a brown powder I 
containing 97 1% boron j 

R C Bay (JCS 1914, 105, n, 2162) claims 
to have prepared crystalline boron (B 98 10%, 
Si 2 16^o), insoluble in warm dilute nitnc acid, 
by heating Moisaan a amorphous boron m a 
current of hydrogen with excess of magnesium or 
podiurn, and subsequently volatilising all the free 
and combined metal at a higher temperature 
In agreemcntwith Weintraab(I e )andKfoU(f e ) 
Rav found that amorphons boron contains 
considerable quantities of oxygen The appear- 
ance of the ciyetallme boron is not desenb^ by 
the author E. Wemtraub working with crude 
boron obtained by reduction with magnesium 
which had the approximate composition of a 
sufaozide BgO (T^s Araer. Electrochem Soc. 
1009, 16. 165) earned out the first technical pre- 
paration of the element Several pounds of the 
ooron were fused m a copper cup heated by an 
electric arc (200-300 amperes at 600 voltsDC) 
in a hydrogen atmosphere. The inpunties, 
juagncNutB, nitrogen, and oxygen, rolatilisedand 
the residual boron was of 97 to 98% punty 
(Ind. Eng. Chem. 1911. 3, 299 . 1913, 5. 106) 

E. Podnus (Z. anorg Chem 1917, 99, 25) 
ground together anhydrous boric oxide with 
magnesium in slight excess of the theoretical 
quantity. The mixture was then fired in an 
atmosphere of coal gas The opper layer of (he 
fused mass was rejected and the remainder 
purified by extraction with boding hydro- 
cldonc acid and water. The boron obtained 
was only 70^0 pure, but is suitable for the 
preparation of boron trichloride (r. p. 43). 

Sulphur was added to the mixture by K A. 
Kuhne(G.P 147871, 1902, and 179439, 1004)and 
by IV. Kroll (I c ) with the object of formmg a 
layer of readily fusible slag to exclude air, 
I^II found that boron thus obtained contained 
very httlo oxygen. 

Jieduction of Boric Onde with Alumtmum — 
"Crystalline boron ”F. Wohler and H. St. Claire 
De\il!e (Ann. Chim. 1858. [ui], 52, 68) obtained 
three vanctita of crystals (a, b, and c below) 
bv heating boric oxide with alnminiuni to a 
high temperature. These cry stals were for long 
considers to be allotropic forms of boron and 
were used for detcrminmg its physical properties. 
They are now recognised as borides. <o) Black 
0 * adamantine boron, very hard, opaque 
brilliant crystals, their composition corresponds 
to AIBjf (W. Hampc, Annalen, 1876, 183, 90) ; 
(6) yellow crystals, like (a) they are harder than 
corundum, and are obtained when the reaction 
is earned out in a carbon crucible. W. Hampea 
(U.) analysis gave Al jC,B„. H. Biltz (Bcr. 1910, 
43, 297) found AljC^Bn ; (c) “ graphitoid,” thin 


; hexagonal bronze-coloured plates formed at a 
I lower temperature than (a) and (6) (c/, von 
Narav-Srab6, 1936, A. 273). 

F. Wohler and H. St. Claire Devillo (Compt. 
rend. 1867, 64, 19) state that graphitoid boron 
does not bum in air at a red heat hut acquires 
a bine colour like steel. Heated in chlorine, 
it Ignites forming boron chloride and aluminium 
chionde. It is easily soluble m concentrated 
nitnc acid but only very slowly in hot hydro- 
chlonc acid or m hot caustic soda solution. Two 
specimens contained 54 02 and 54-91% of 
aluminium, corresponding to AlBj. 

Both preparations (a) and (6) dissolve slowly 
in hot nitnc acid (W. Hampe, I c ), while the 
crystaUiue boron described by R. C. Ray (I c ) is 
insoluble. 

That the aluminium borides cannot be 
decomposed by treatment with acids, even by 
hydtewen chionde at a red heat, to yield boron 
free fioni alummium was shown by W. Kroll 
i(c/ Ksblenberg, Trans. Amer. Electrochem. 
Soc. 1925, 47, 29). The latter states that 
the action of aluminium on boric oxide 
(2A1 : BjOj) yields boron with excess of 
bondea, while if the proportions are Al : BjO,, 
boron is the chief product. The separation 
of boron from the accompanying^borides was not 
attempted. K. A. Kuhne (D.B.P. 179403. 
1904) fired a mixture of boric oxide, sulphur, 
and aluminium with a magnesium wire. The 
cold mass, extracted with water and hydro 
chlonc acid, left as residue a mixture of amor- 
phous and crystalline boron containing elumin- 
Him which cannot be purified by arid treatment 
(Kahlenbeig, be.). 

Btdudtm of Boron TriehlcTxde by Jfe/ali — 
W Kroll (Z anorg. Chem. 1918, 102, 19) found 
that sodium (at 610°) and potassium (at 300°) 
react with incandescence, the resulting metsUie 
bondee cannot be decomposed by further 
treatment with boron chloride, jragnesium 
reacting at higher temperature abo yields . 
metallic boride. Aluminium reduces "boron 
chionde at 1,200°. After treatment with hydro 
chlonc acid, yellowish hexagonal plates of 
aluminium bonde remain, resemblmg the crystals 
formerly described as “crystalline boron." 

Bedvciton of Boron Trichloride with Ilydro^n. 
— Dumas and also Liebig tried the effect of 
healing a mixture of boron trichlonde and 
hydrogen The method remained of httle 
interest until it was developed by Weintraub of 
the General Electric Company, U.S.A., who was 
the first to produce pure boron in quantity 
{Trans. Amer. Electrochem. Soc. 1909, 16, 163 ; 
Ind. Eng. Chem. 1911, 3, 299 ; 1913, 5, 106) 

Punfi^ dried hydrogen was passed over the 
surface of boron trichloride kept in a freezing 
mixture, so that n large excess of hydn^en 
was maintained. The hydrogen charged with 
the Vapour then passed through one or more 
powerful alternating current arcs between cooled 
copper electrodes. At the high temperature of 
the arc the foUowmg reaction occurs : 

2BCla+3Hj=2B-t-6HCI 
The* boron forms rod like excrescences on the 
cathode and is also deposited in the apparatus m 
a fine dust. Washing with water removes a 
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trace of boric oxide; it is then over 99% pure. 
Conditions of success are a considerable excess 
of hydrogen and the use of electric arcs of large 
area. L. .HackspiU, A. Stieber and R. Hooart 
(Compt. rend. 1931, 193, 776) maintained a 
condensed high frequency spark between 
tungsten or molybdenum poles in an atmosphere 
of hydrogen mixed with the vapour of boron 
trichloride. Small coherent rods of boron slowly 
formed on both electrodes, 0-5 g. being obtained 
in three hours at 300 watts. Three specimens 
containing 98-6, 99’5 and 98'8% B had almost 
the black colour of arsenic and were capable of a 
high polish, their hardness was almost equal to 
that of the diamond. A crystalline structure 
was not visible even after etching with aqua 
regia, but was revealed bj' X-ray analysis. 

Preparation of Boron by Biasociaiion of Boron 
Bromide or Boron Chloride. — F. Meyer and B. 
Zappner (Ber. 1921, 54, [B], 550). Boron brom- 
ide was prepared from Moissan’s boron, and 
boiled in a glass reflux apparatus so that the 
vapour passed through a powerful are maintained 
between copper poles. The flask contained 
copper powder in quantity sufficient to combine 
with the bromine. The inner surface of the bulb 
and condenser was soon covered with a deep 
black sublimate of boron, the yield was 0-8 g. 
from 100 g. BBrj in five hours. The purity 
.averaged 99-35%. In N. V. Philips’ Gloei- 
lampenfabrieken B.P. 264953, 9/11/25, a tung- 
sten or other metal wire is coated with a coherent 
deposit of boron by heating the wire electrically 
to 1,400'’ in an atmosphere consisting only of 
the vapour of boron halide, preferably the 
bromide. 

E. Podszus (Z. anorg. Chem. 1917, 99, 129; 
1933, 211, 41) heated pure iron Avire (0-3 mm.) 
spirals to 800° in the vapour of boron trichloride ; 
by continued heating porous black boron free 
from iron ivas obtained. 

Electrolytic Methods. — W. Hampe, using a 
platinum anode and a carbon cathode in fused 
borax, obtained boron contaminated Avith 
carbon as a deposit on the cathode, the boron 
being a secondary product due to the reducing 
action of sodium liberated at this pole. 

H. H. Kahlenberg (Trans. Amer. Elcctrochem. 
Soc. 1925, 47, 30) found that the electrolysis of 
fused boric anhydride and of bora.x was 
impracticable oAving to the high resistance of 
the baths. Borax gar^e a slight broAvn deposit 
of boron on the cathode. The product con- 
tained sodium Avhich could not be removed by 
boiling hydrochloric acid. Potassium borate 
gave similar results. A very small yield of 
boron, considered to be nearly 100% pure, AA'as 
obtained by electrolysing a bath of 50 g. 
potassium chloride, 20 g. potassium carbonate 
Avith as much boric anhydride as the fusion Avould 
dissolve. ZschUle (“Dissertation,” Miinchen, 
1913), by the electrolysis of fused borate, could 
not prepare a better product than one Avith 61- 1 % 
B. L. Andrieux (Ann. Chim. Phys. 1929, [x], 
12, 423) found 56-8% B in the product of electro- 
lysis of borax, Avhile a bath of alumina, boric 
anhydride, and cryolite gave boron of 82-2%. 
Finally a product Avith 92-2% boron aa-us 
prepared from a bath of magnesia, boric an- 
hydride and magnesium fluoride. The melt at 


about 1,100° was contained in a carbon crucible 
Avhich served as anode, the cathode was iron or 
carbon. The boron was deposited in round 
masses on the end of the cathode, 50—60 g. 
being obtained in two hours Avith a current of 
10 amperes. The author regards the method 
as more convenient than Moissan’s (cf. 1936, A, 


414). 

Atomic Data. 

Boron laotopea, ^^B and Variations in 

the proportions of the isotopes in boron com- 
pounds obtained from different parts of the Avorld 
AA-erc shown in the atomic Aveight determinations 
of Briscoe, Robinson and Stephenson (J.C.S. 
1926, 77) : 


SoAirce of boron 
compound. 

Atomic weight. 

From density of 

BjO.t 

From ratio 
BCI 3 ; 3Ag 

California , 

10-847 

10-841 

Tuscany . 

10-823 

10-825 

Asia Minor . 

10-818t 

10-818 


t Density standard. 

{Cf. F. W. Aston, “ Mass-Spectra and Isotopes,” 
London, 1933.) 

Atomic Disintegration . — No less than tAvelve 
nuclear reactions of the boron isotopes ^‘’B and 
^*B are tabulated in the Annual Report of the 
Chemical Society, 1935, 29. Boron under 
particle bombardment, in various experiments, 
has produced y-rays, electrons, positrons, neu- 
trons, a-particles, protons, four radioactive 
elements *B, ^’^B, as well as ’Li; 

«Be, »Be, mc. ’“B has itself been 

formed from ’Li, ®Be, and and ”B from 
’"B and also from ’^N. For the production of 
radioactive boron ®B by Fowler, Delsasso and 
Lauritsen, see Physic.al Rev. 1936, [ii], 49, 
561. (Mme.) I. Curie and F. Joliot (Compt, 
rend. 1934, 198, 254) observed that the emission 
of positive electrons continued for 14 minutes 
after removing the source of the a-particlca 
bombarding the boron. These positrons are 
emitted from the neAV short-Uved element radio- 
nitrogen derived from the boron nucleus. For 
the artificial radio-active element ^’B, see 
1936, A. 1174. 

CuEjncAi. Peoperties. 

Experiments AAuth the amorphous horon made 
by Moissan’s method (l.c.) form the chief 
source of our information as to the chemical 
properties of the element. The boron prepara- 
tions of E. Weintraub, Podszus, HackspiD, 
Stieber and Hocart, which contain about 99% 
B, have not been studied to nearly the same 
extent. L. Hackspill (Helv. Chim. Acta, 1933, 
16, 1112) AA’as unable to purchase a specimen of 
pure, boron in commerce, possibly because the 
costly electric arc methods give only a A’eiy small 
jdeld. The chemical and physical properties of 
pure boron are known only imperfectly at the 
present time. Moissan describes it as a chestnut 
broAvn poAvder, staining the fingers, and capable 
of being agglomerated under a strong pressure. 
Heated in hydrogen to about 1,500°, it sinters 
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jljchlly and increftics in dcnsitj (Compt rent! 
1S'J2. 114. 617) 

Ilwtfd in air boron tak« fire at 700*. m oiygeii 
it boms with intense bnlliancy; m both cases a 
tiyrr of bcnc oxide fom«. prcTcnting the entire 
combustion of the specimen With sulpbnr 
it combin'^a with incandescence at CIO* forming 
a boron sulphide decomposable by water 
Selenium bcLi\ea similarly at a higher tempera 
(ure Tell Jnuui fused in contact «ith boron docs 
not react In diy chlorine at 410* boron bums 
with vivid incandescence, boron chloride distils 
together with traces of the volatile ehlondes 
of the mctalhc impurities, while a small quantity 
of carbon or of carbon boride is left, m the boat 
In bromine at about 700* thero is a aimilar 
vigorous rt action Bromine water attacks boron . 
alow ly at ordinary temperatures, but it dissolves I 
more rapidly in bromine dissolved in potassium , 
bromide iolution Iodine vapour does not actj 
on boron at tempcrafires up to 1,200“ 

formation of boron mindc occurs only at 
high tcruperaturea , at 900® m a current of pure 
dry nitrogen, only traces of nitride were formed, 
hut the reaction was rapid at 1,230* Heated 
with phosphorus, anenie or antimony boron 
did not yield compounds Carbon combined 
with boron only at the temperature of the 
rlertne arc Sibron strongly heated wjtb 
boron did not react. The metaU of the alkabs 
can bo distilled over amorphous boron without 
any reaction taking place Uagnesium fonoa a 
boride at a red beat, eimdarly stiver and 
platinum, while iron aod alumiaium react only 
at a high temperature 

Jfineral acids have a vigorous action. At 250* 
lulphune aeid is reduced to solphuroiu acid. 
Nitnc acid reacts with incandescence Pbos* 
phone anhydnde is reduced to phosphorus at 
bOO* Arsenic and arscnious acids yield 
arsenic at a red beat. In contact with boron a 
warm solution of lodw acid liberates to^e; 
a mixture of boron and crystals of lodic acid 
becomes incandescent when gently heated, 
and evolves dense vapours of iodine Chloric 
acid solution IS abo reduced The halogen acids 
react with more difficulty. At a dull red heat 
gaseous hydrogen fluondo forms boron fluonde 
and fiyifrogcn. Aqueous hy drochlonc acid 
saturate at 0“ has no action on boron, but 
gaseous hydrogen chloride reacts at a bnght red 
beat. Hydnodic acid is without effect up to 
about 1,250* . Sulphur is liberated from sulphur 
dioxide at temperatures below redness. Below 
red heat steam has no action on boron, but the 
reaction, once started, proceeds violently, tho 
firoducti being boric acid and hydrogen, 
(.arbon monoxiJ j y elds carbon and bone oxide 
“f 1,200® . boron takes fire when heated 

to dull redness in a current of nitrogen monoxide, 
under the same renditions nitrcgen dioxide had 
no effect. 

Boron is a pow crful reducing agent for znetallie 
oxides. A mixture of lead peroxide andboron 
ground in a mortar detonates violently, 
bufficient heat is liberated in the reactimi 
J^tween cupric oxide and boron to melt ^ass. 
Ifixtures or boron with the oxides of tin, lead, 
antimony or bismuth become incandescent when 
gently heated, the oxides being immediately 


reduced. Ferric oxide and cobalt monoxide 
require a bright red heat for reduction. The 
alkaline earth oxides are not attacked. Potassium 
hydroxide fused in contact with boron evolves 
hydrogen m a violent reaction. Small portions 
of boron bum w ith a dazzling light when dropped 
on to melted potassium chlorate, and this re- 
action serves as a lecture experiment for demon- 
stratmg tho afBnity of boron for oxygen 
Boron reduces solutions of potassium per/nsa 
ganate, feme chloride, silver nitrate {forming 
beautiful crystals of silver), palladium chloride, 
platmum chloride and gold cUoride. Potassium 
and sodium sulphates are reduced by boron at a 
dull red heat, becoming incandescent and 
yieldmg sulphides. Sodium carbonate is re* 
duoed at duU redness and potassium carbonate 
at a higher temperature, the carbonates of cal 
ciom and of barium are not decomposed. 

Boron (9S-99%), prepared from its tri- 
chloride and hydrogen by ^\'eintraub (I e.) and by 
Uackspill, Stieber and Hocart (I c.), is black in 
mass and m powder. Ifackspill states that the 
small rods of boron which grow on the electrodes 
are capable of a high polish, their metallic lustre 
then recalling that of chromium. Hackspill 
ob:>erved that hloissan'a boron changes from 
brown to black when it is heated u absence of 
air aod that the change is permanent. The 
boron (99 35%) obtained by dissociation of 
boron bromide by F. Meyer and R. Zappner 
(e. supra) is a very fine deep black powder ; 
expos^ to air it gradu^y epproaehca the colour 
of Moissan's boron, wlme the boron content 
, falls eeveral per cent. Permanent preparations 
should therefore be sealed m bywgen or 
preferably m vacuo after a alow, thorough 
heating With nitnc acid boron of this degree 
of punty reacts violently wth incandescence. 
£ Podszus (Z. anorg. Chem. 1917, 99, 130) 
mentions the following properties of the black 
boron obtained by the interaction of iron and 
boron tnchlonde. In hydrogen at a red heat, 
It volatilises completely. Heated very gradually 
m air with a blow-pipe flame, it burns, leaving a 
residue of pure white boron nitride. When 
heated rapidly it burns with a brilliant green 
flame to Jeavinji no residue. The boron 

filaments did not melt at the highest white heat 
obtainable by electric heating. 

Fveed Boron, prepared by H. H. Kahlenbcrg 
(I.C., 54) by fusing compressed Moissan’s boron 
in the oxjhydrogen flame, at a temperature he 
estimated to be 2,250®, is not appreciably 
attacked by boiling caustic potash solution or by 
hot concentrated hydrochloric or sulphuric acids 
Nitric acid and aqua regia are also practically 
without action. Fused boron is oxidised by alka- 
line permanganate, it is rapidly attacked by 
fused caustic alkabs and sodium peroxide. 
Boron replaces gold, platmum, palladium, silver, 
mercury, copper and lead from their solutions, 
tho last named very slowly. In the electro- 
chemical senes boron comes just above lead. 

Colloidal Boron.— The dispersion of boron to 
form a solution which passed throngh filter psp*^ 
was observed by H. Davy, Gay-Lussac, BerzcuuJ 
and others to occur when amorphous boron wai 
washed with water, following treatment with 
dilute acids and alkalis. Unstable reddish 



brown, or stable brown to brownish yellow, 
boron solutions have been studied. A con- 
venient preparation is described by A. L. Elder 
and jST. D. Green (J. Physical Chein. 1032, 36, 
3083). O'5-l-O g. dried boron, prepared by fusing 
magnesium with boric oxide and purifying the 
product with hydrochloric acid, is refluxed with 
100-250 c.c. water. The resulting solution is 
extremely resistant to coagulation even by 
multivalent ions ; the boron particles are 
nerfatively charged. For earlier preparations see 
T.'Svedberg, “ Herstellung koUoidaler Losungen 
anorganischer Stoffe,” Dresden, 1909, 384. 

Physical Psopebties. 

Density. — Hackspill, A. f-tieber and 
R. Hocart found 2-33±0-01. at 20° (Helv. 
Chiin. Acta, 1933, 16, 1114 ; in Compt. rend. 
1931, 193, 777, a misprint, 3-33), which they 
say compares with E. Weintrauh’s value 2-34 
at the' same temperature (J. Amer. Chem. 
Soc. 1915, 37, 1646). Amorphous boron has 
the densitj' 2'45, according to H. Moissan 
(Ann. Chim. 1895, [vii], 6,^311). W. Kroll (i.c.) 
gives a divergent value, 1'731 at 18°. 

Hardness . — Fused boron is next to diamond 
in hardness (Weintraub, Haokspill). 

Melting-point. — 2,300°, according to Wein- 
traub (Ind. Eng. Chem. 1913, 5, 114) ; 2,200° 
was found by E. Tiede and Birnbrauer to be 
mean temperature of fusion of amorphous boron 
in vacuo (Z. anorg. Chem, 1914, 87, 143). 

Volatility . — Boron evaporates perceptibly at 
1,200°; at 1,000° the blackening of the walls of 
the vacuum bulb was such as to render boron 
filaments useless for incandescent lighting 
(E. Weintraub, Trans. Amer. Electroohem. Soc. 
1909, 16, 179). 

Electrical Conductivity. — E . Weintraub 
observed a remarkable variation of resistance 
of fused boron with temperature ; in one experi- 
ment, from 775,000 ohms at 27° to 4 ohms at 
600°, and only a fraction of an ohm above 1,000°, 
t.e. an increase of conductivity of about 10® or 
10’ to 1 (f/. carbon 2 : 1 and silicon 100 : 1, Trans. 
Amer. Electrochem. Soc. 1909, 16, 181 ; Ind. 
Eng. Chem. 1913, 5, 107). A. H. Warth (Trans. 
Amer. Electrochem. Soc. 1925, 47, 62) gives 
similar figures for boron deposited from boron 
trichloride on a glowing tungsten wire. 
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E. Podszus (Z. anorg. Chem. 1917, 99, 130 ; 1933, 
211, 41) on the contrary found only a small 
negative temperature coefficient. H. S. Kahien- 
berg (Trans. Amer. Electrochem. Soc. 1925, 47, 
36) found that boron prepared by heating 
Moissan’s boron with aluminium showed a great 
increase in the conductivity on heating to about 
.50°. Finally R. Freymann and A. Stieber 
(Compt. rend. 1934, 199, 1109) confitmedWein- 
traub’s result, within the temperature range 
studied, viz. 5°-110°. , 

Thermal Expansion. — E. Dupuy and h. Hack- 
spiU (Compt. rend. 1933, 197, 229) found the 
mean coefUciont of expansion of boron (99*5% B) 
to he 8‘3x 10~® between 20° and 750°. There 
was no anomalous variation with temperature, 
the curve being almost a straight line. 

Specific and Atomic ffcaf.— Early measure- 
ments by Regnault showed that boron did not 
obey Dulong and Petit’s rule. The latest deter- 
minations are as follows : —253° to —196°, 
sp. heat 0-0212, at. heat 0-23 (J. Dewar, Proc. 
Roy. Soc. 1914, [A), 89, 168); -190-8° to 
-78-3°, sp. heat 0-0707, at. heat 0-76; —76-4° 
to 0°, sp. heat, 0-1677, at. heat 1-81 (E. Koref, 
Ann. Physik, 1911, [ivj, 36, 64). Dewar does not 
describe his material. Koref worked with 
Kahlbaum’s “ pm-e amorphous boron.” Moissan 
and Gautier (Ann. Chim. Fhys. 1896, [vii], 7, 
568) also using amorphous boron, found at 0°- 
100°, sp. heat 0-3066, at. heat 3-31, 192-3°, 
sp. heat 0-3407, at. heat 3-69 ; 234-3°, sp. heat 
0-3573, at. heat 3-87. A. Magnus and H. Danz 
(Ann. Physik, 1926, [iv], 81, 407) working with 
Merck’s amorphous boron of 97% purity, 
found the following expression for the atomi 
heat between 0° and 900° : 

Cp=2-3658-(-7-9080x 10-=>i- 4-9023 X lO-^i^ 

Spectroscopy . — The persistent lines of boron 
in the arc spectrum are 2,496-778 and 2,497-733 
(International Critical Tables, V, 323), the “ raie 
ultime ” is 2,497. The double line enables the 
detection of traces of boron in plant ashes and 
rocks (A. de Gramont, Compt. rend. 1918, 166, 
477). 

Production. 

The foUowing table is taken from “ Statistical 
.Summary of the Mineral Industry, 1932-34,” 
Imperial Institute, 1935, 59 -. 


Production or Crude Borates (Long Tons). 



1932. 

1933. 

1 

i 1934, ; 

1 

Germany — boracite 


66 

1 

1 

7 

1 

Italy — boric acid 

5,383 

5,356 

5,488 

United States — borates j 

162,424 

167,899 j 

216,429 

Argentine — borate of calcium 1 

879 

i 

019 

~ 

Turke}' — borates 

4,915 

7,434 

6,409 


In 1934 the imports (less re-exports) into the 
United Kingdom were : borates 14,468, borax 
10,849, boric acid 2,083 tons {ibid. 62). 


United States . — ^Different sources of boron 
minerals have been worlied and later abandoned. 
In 1856 borax was obtained from hot springs in 








BOEON. 


The raw materials for the , preparation of 
boron hydrides are magnesium boride and 
hydrochloric acid and a number of chemists, 
e.g. F. Jones, Sabatier and Ramsay, examined 
the mixture of gases evolved without isolating a 
pure boron hydride, or deducing a correct 
formula. -It was known that the crude gaseous 
mixture burnt with a brilliant green flame and 
deposited a bro^vn layer of amorphous boron on a 
crucible lid, that it reduced silver nitrate and 
potassium permanganate solutions. Later work 
showed that the gas was a mixture of hydrogen 
with small volumes of hydrides of boron and of 
silicon. A. Stock and his co-workers in a series 
of papers from 1912 onwards have published 
almost all Ahat is known of the chemistry and 
physics of the boron hydrides. A monograph 
by this author is “ Hydrides of Boron and 
Silicon,” Cornell University Press, 1933, vol. 12 
of the George Fisher Baker Lectureship, from 
which the following particulars are quoted ; 
references are to A. Stock’s papers unless other- 
wise stated. 

Preparation of Magnesium lioride . — A mixture 
of magnesium, 8 parts, and boric oxide, 3 parts 
(both as free as possible from silicon), is heated 
in an iron crucible through the lid of which 
a current of pure dry hydrogen is passed ; 
directly the contents begin to glow the crucible 
is cooled in water. The cold product is finely 
powdered and fed into 10% hydrochloric acid, 
or preferably into QN — phosphoric acid (E. 
Wiberg and K. Schuster, Ber. 1934, 67, [B], 1805, 
who found that the yield of boron hydrides was 
thereby increased from 4'6 to 11-4%). The 
gases formed by the reaction are washed with 
water, dried, and thou enter two large tl-tubes 
pooled with liquid air, the uncondensed gas, 
hydrogen and traces of silicon hydride escape 
through a mercury seal into the air. The 
condensate contains with small amounts 

of B5H5, BgHjo, traces of BJ5HJ4, COg, HgS, 
silanes, and PH 3. The boron hydrides men- 
tioned are isolated by fractional distillation in 
vacuo in an apparatus from which moisture and 
lubricating grease are entirely excluded. The 
hydrides BjHj, BjHg, and one hydride whose 
formula is still doubtful, BgHjj ?, are prepared 
by heating B^Hjg. The only solid volatile 
hydride is made by heating BgHj. 

Liborane, BgHg, is prepared by heating di- 
hydrotetraborane, B4H10, to 90°-95° for five 
hours, condensing the products in liquid air, and 
fractionating the BjHg at -112°. 

H. I. Schlesinger and A. B. Burg (J. Amer. 
Chem. Soc. 1931, 53, 4321) separated B^Hj 
from the mi.xture obtained when a high tension 
discharge is maintained in a mixture of boron 
trichloride (or preferably tribromide) and 
ly^drogen at reduced pressure. The boron 
trichloride is largely converted into BjHgCl, 
other products being boron, solid hydrides of 
boron, and a small amount of BjHg. On stand- 
ing BjHgCl dissociates into B^Hg and BCl, 
(Ber. 1014, 47, 314o). The method is shorter 
than by way of magnesium boride and B,H,„ 
(Ber. 1923, 56, [B], 789 ; 1924, 57, [B], 562). 
BjHg is a colourless gas of characteristic 
disagreeable odour, with m.p. — 165-5° and 
b.p. -92-57760 mm. (Ber. 1923, 56, [B], 798). 
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It dissociates very slowly at ordinary tempera- 
tures, more rapidly at 100°-200°, into hydrogen 
and BgHjg. With oxygen it forms an explosive 
mixture, the reaction is 

BgH6-f302=Bg63-t-3H30. 

The gas reacts rapidly with water, 

B2H6-h6H20=2H3B03-l-6H2 

With potassium hydroxide or its solutions, the 
the reaction is S2Hg-f2KOH=2Ki-)3BO.f Hg, 
Ammonia gas in excess reacts to form the non- 
volatile compound B2Hg-2NH3 (Ber. 1926, 
59, [B], 2210), this is soluble in water giving a . 
solution which precipitates NigB from solutions 
of nickel salts. A. Stock concludes that BgHg 
is a dibasic acid in the compound B2Hg-2N Hg. 
Chlorine acts explosively on BgHg forming 
BCtg. With hydrogen halides, reaction occurs 
on raising the temperature, 

B2Hg-fHX=B2HgX-}-H2 
These halogen compounds are unstable (Ber. 
1913, 46, 3354 ; 1923, 56, [B], 800 ; Schlesinger 
and Burg, .l.c.). B2H6 reduces permanganate 
and salts of silver, copper and nickel ; with 
potassium amalgam it yields the salt KgBjHg 
(Z. anorg. Chem. 1935, 225, 225). 

Dihydrotetraborane, BgHjg, forms the largest 
proportion of the hydrides liberated by the 
action of acids on magnesium boride or on 
beryllium boride ; in the latter case the gas is 
free from silicon hydrides (Z. anorg. Chem. 1930, 
188, 35). The isolation and purification of 
BgHjg is rendered difficult by its dissociation at 
ordinary temperatures, and is carried out by 
fractionation in vacuo, the fractions being 
stored in liquid air (Ber. 1923, 56, fB), 793 ; 
1924, 57, fB], 565 ; see B. 1). Steele and J. C. 
Mills, J.C.S. 1930, 74, for a preparation from 
cerium and' aluminium borides). BgHjg is a 
colourless liquid or gas with a peculiar repellant 
odour. Its m.p. is —120°, b.p. 18°/760 mm. 
(Ber. 1923, 56, [B], 789). If pure it does not 
ignite spontaneously in air. It decomposes 
slowly at room temperature, the chief products 
are hydrogen and B^Hj (Ber. 1913, 46, 1962). 
Sunlight has little influence, but ultra-violet 
light accelerates the reaction (ibid. idem. 3364). 
At higher temperatures there is a complicated 
thermal decomposition, varying according to the 
experimental conditions. BjHg and other 
boron hydrides were discovered by Stock ainong 
the products of the reaction.. 

It reacts slowly with cold water : 

B 4 H 134 -I 2H20=4H3B03-H 1 H 2 
Dilute hydrochloric acid yields the same pro- 
ducts ; nitric acid reacts with explosive violence. 
Potassium hydroxide forms hypoborate : 

B4H3o+ 4KOH=4KH3BO-)-H2 
(Ber. 1914, 47, 810). Excess of ammonia at 
-70° yields the compound B4 Hjo- 4NH3, 
which heated to 200° yields B3N3H3. 
Sodium amalgam reacts ivith B4Hjo forming 
B4Hjo-2Na. With alcohol, an exothermic 
reaction takes place, about 8 volumes of 
hydrogen for 1 volume B4H10 are evolved 
and on adding water a further evolution occurs, 
until a total of 11 volumes of hydrogen, corre- 
sponding to complete hydrolysis, is measured.- 



Since BjHjs readily yields nascent hydrogen 
it 13 a poirerfol reducing agent. 

Dihjdropsntaborant. BjHij. ivas isolated in 
Tery small quantity from the products of spon- 
taneous dissociation of BjH, which had 
been kept at room temperature for about six 
months (Ber 1924. 57, [B], 674 , 1926. 59 [Bl 
2210 , c/ H I Schlesmger and A B Bnrg, 
J Amer Chem Soe 1933, 55, 4009). It is a 
colourless, very mobile hquid which melts at 
about —129'’ It decomposes when kept at 
ordmarv temperature depositing pro- 

bably 2B5Hii=B,aH„-t-4Hj When treated 
with ammonia it forms BjHj4NH3 with loss 
of hydrogen (f e . 69, 2211) 

Btraborane, 8gH,g, is separated by fractional 
distillation from the crude condensate of imaed 
boron hydrides and silicon hydrides (c tupra). 
Two kilos of magnesium bonde pelded about 
1 g of hexaborane It la a colourless hqoid. 
m p —65 1°, which decomposes slowly at 
ordinary temperatures hberating hydrogen and 
depositing yellow crj’stals of a hydride, 
apparently Water slowly hydrolyses 

BjHjj, but the decomposition is not complete 
at OO' after 16 hours It dissolves m sodium 
hydroxide solution (30%) with shght evolntioo 
of hydrogen , on acidification the volume of 
hydrogen liberated corresponds to complete 
hydrolysu 

Pentaborant — A Stock and E. Kuss prepared 
BjH, (170 cr) by passing gaseous 
(1000 c e } through a tube heated to 200^, and 
fractionating theproductsiaracuo(Ber 1923,56, 
[B], 806) (H. J. Schlesmger and A. B. Burg, j 
Amer Chem Soc 1931, 53, 4331) isolated penta 
boraoe in 20*^^ } leld from the products of heating 
8)H| with hydrogen chloride for 4$ hours at 
120‘>1S0°. BtHf IS a colourless mobile hquid, 
m p. —46 6', O'* 0 61 . to its disgustmg odour is 
mainly due the repellant smell of crude boron 
hydnde. Atordmary temperaturesitdisrociates 
very elowly into hydrogen and a solid bydnde , 
at 300^ the chief products are boron and 
hydrogen. It is very gradually attacked by 
cold water, and the decomposition is not com- 
plete after heating to 90° for 3 days, the reaction 
being BjH,-(-16H,0=5H,B0,-?-12H^ The 




reducing suboxides of boron (Ber. 1923, 56, [B], 
802). Pentaborane combines with ammonii 
forming the solid BsHg-4NH3, stable at 
ordinaiy temperatures. 

Dih^rohaaborane, BjHjj (Ber. 1924, 57, [B], 
566), an unstable volatile hyilride, is considered 
by A. Stock to exist m \ery small amount m 
the decomposition products of 

Delaborane, BigHjj, is prepared either from 
BjHj by heating to 115°-120° for 4S hoim, 
or from kept at 90°— 93® for 5 honra 

(Ber. 1929, 62. [B], 92) ; in each case 100 c e 
jteld about 0 05 g. BjgHjj. This hydnde 
forms colourless, slowly volatile, rhombic crystals, 
m p. 99 7°, b p. about 213°, 0 94, insolable 

in water, soluble in alcohol, ether, benzene, and 
carbon disulphide It does not dissociate at 
ordinary temperatures nor oxidise when 
exposed to air. When kept for 2 days at 200° 
followed by 1 day at 250°, it yields an amorphous 
yellow substance of gross composition 
which dissolves in water with evolution of hydro 
gen Dekaborane is very slowly hydioljsed by 
water at ordinary temperatures, but completely 
m 36 hours at 1(X)°, the products being bone 
oxide and hydrogen. Halogens form mixtures 
of substitution products. Ammonia forms an 
unstable compound, at —75° no definite com 
pound was isolated, at 120° there was substitution 
of NH} for hydrogen. Hekaborane dissolves in 
sodium hydroxide solution with evointion of 
hy^gen, the solution contains a boron nb 
oxide with strongly reducing properties Fro 
longed heating at 100° converts ms oxide mto 
bone oxide; BjoH^i is scarcely affected by 
concentrated mine acid but reduces per- 
manganate. 

Besides the boron hydrides described, A. Stock 
and his school have obtained In very small 
quantities a number of hquid andsohd hydrides; 
of the latter this author remarks (“ Hydrid« 
of Boron and Silicon,” 1933, p. 69) “ there seems 
to be a continuous senes of such non volatile 
yellow hydndes that increase in degree of con- 
densation and decrease in hydrogen content. 
The senes finally ends m the brown, boron like 
substances that are formed at elevated tempers- 
tores, eg. when BjH, is heated to 300°” (c/- 


TantE or the Pbopebties or Boron Htdripes and or Boron Hydronitride. 



BjH, 

®«”i» 

BjH, 

BjHji 


B,oH,4 

BaNjH, 

Boiling-pomt, ®C./760 mm. 

-92 5 

+ 18 


_ 



53 

Vapour tensions at 0°, mm. 

— 

388 


57 

".O 



Meltmz point. ®C. . 

— 165 5 

-120 

-46 6 

-120 



-58 

fDensity, d. at .... 

0-447 

059 

0 61 





0 824 

1 temperature, *0- . . . 

-112 







Parent substance . . . 



erode 

BjH, 

crude 

B.H,» 




gas. 

gas. 


gas. 









B.H» 


Stabihty 

high 

low 

high 

verj’ 

low 

very 

extremely 





low 


high 

high 

Decomposition by water . 

very 

rather 

slow 


slow 

very 

rapid 


rapid 

slow 




•loiv 



t Ber. 1926, 59, [B], 2226. 




BOROX. 


Crude gas is the mixture of hydrogen and boron 
liydrides and silicon hydrides obtained by acting 
on magnesium boride with hydrochloric acid 
(A. Stock, Bull. Soo. chim. 1932, [iv], 51 . 708 ; 
“ Hj'drides of Boron and Silicon,” 1933). 

Boron Nitride, BN, is formed when boron is 
heated in nitrogen, or in air, but is then mixed 
with boric oxide. It is obtained when boric 
oxide is strongly heated in contact with carbon 
and nitrogen (A. Stabler and J. J. Elbert, Ber. 
1913, 46, 2060) or with substances which can 
supply these elements, e.g. cyanogen com- 
pound, calcium cyanide (W. I&oU, Z. anorg. 
Chem. 1918, 102, 17), urea (Annalen, 1869, 151, 
255), carbon and ammonia (G.P. 282701). It 
may be prepared by heating to a high tempera- 
ture a porous mass of boric oxide and calcium 
phosphate in the vapour of ammonium chloride, 
grinding the product and extracting it with 
hydrochloric acid and with water (L. Moeser 
and IV. Eidmann, Ber. 1902, 35, 535). Its manu- 
facture affords a means of converting atmo- 
spheric nitrogen into ammonia ; boric oxide 
mixed with carbon is heated in a current 
of nitrogen and the resulting boron nitride con- 
verted into boric acid and ammonia by heating 
with steam to 200°, or by boiling with a solution 
of sodium hydroxide. E. Podszus describes a 
continuous process (Z. anorg. Chem. 1933, 211, 
41) in which powdered boric oxide is conveyed 
down an inclined tube heated to over 1,000°, 
through which a current of ammonia is passed. 
Boron nitride is a light, amorphous white 
powder, a good insulator for heat and electricity. 
It is said to melt at about 3,000°, but under 
atmospheric pressure it sublimes before this 
temperature is reached (Friederich and Sittig, 
Z. anorg. Chem. 1925, 143, 293). Phosphorescent 
boron nitride is prepared by heating the sub- 
stance with a trace of organic matter, e.g. sugar. 
Boron nitride prepared at a high temperature 
(1,600°) is much more resistant to water and 
caustic alkali solution than specimens made at a 
lower temperature. If it is prepared from 
borimide at 125°— 130°, it is easily decomposed 
by hot water or by dilute sodium hydroxide or 
ammonia solutions. Hydrochloric acid in a 
sealed tube effects complete decomposition 
(A. Stock el al, Ber. 1901, 34, 3046 ; 1908, 41, 
2095). Boron nitride is analysed according to 
B. Ormont and A. Samoclow (Z. anal. Chem. 
1935, 102, 20) by heating O-OS-O-l g. to 250° ivith 
five times its weight of potasium hydroxide in a 
porcelain crucible contained in a test tube, 
through which a current of pure hydrogen is 
passed. The ammonia liberated is collected in 
excess of standard acid and titrated. 

_ Boron Hydronitride, B3N3H5, is a colourless 
liquid, m.p. —58°, b.p. 53°. It is prepared by 
heating the ammonia addition products, 
B^He-ZNH^, B^Hio-ANHj, or BjHg-ANHj, 
to 200° for several hours (A. Stock el al., Ber. 
1930, 63, [B], 2932). It dissociates slowly at 
500°C. ; heated with water it is hydrolysed to 
boric acid, ammonia and hydrogen. According 
to A. Stock its constitution is represented bv the 
formula 

/BH-NH. 

nh/ 

\BH-NH/ 
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Boramide, B(NH2)3, is formed, mixed with 
ammonium halide, by the action of boron tri- 
bromide on excess of liquid ammonia (A. Stock 
and W. HoUe, Ber. 1908, 41, 2097), or from 
boron trichloride vapour carried by a current 
of hydrogen into liquid ammonia (A. Joannis, 
Compt. rend. 1902, 135, 1106). At tempera- 
tures above 0° boramide dissociates into 
borimide and ammonia. The properties of 
boramide have not been described. 

Borimide, can be prepared by 

dissolving out the ammonium chloride from the 
decomposition products of crude boramide 
(A. Joannis, l.c.) or by heating the compound 
B2S3,6NH3 to 120° in a current of hydrogen, 
but preferably by heating boron sulphide- 
hydrosulphide, B2S3*H2S, to 75° in gaseous 
ammonia (A. Stock and M. Blix, Ber. 1901, 34, 
3039). The products from the last two prepara- 
tions retain a trace of sulphur in spite of boiling 
with carbon bisulphide. Borimide is a white 
powder, insoluble in organic solvents, it reacts 
with water yielding ammonia and boric acid; 
with hydrogen chloride it forms a trihydro- 
chloride and at 125°-130° decomposes into boron 
nitride and ammonia. 

Boron Trifluoride, BF3, may be prepared 
by heating a mixtme of potassium fluoborate, 
KBF4, and boric oxide with sulphurio acid; 
silicon fluoride which is always present as an 
impurity is greatly reduced in amount by passing 
the gas over boric oxide at 800° (0. Ruff, Z. 
anorg. Chem. 1932, 206, 69). According to 
W. Biltz el al. (Z. anorg. Chem. 1932, 207, 63) 
diazobenzene borofluoride, easily prepared from 
fluoboric acid and diazobenzene hydrochloride 
(Ber. 1927, 60, 116, 1187), is a convenient source 
of pure boron trifiuoride. The borofluoride is 
heated to 120° and the products of decom- 
position BFg, C5H5F, and Ng led into cooled 
receivers ; is condensed by carbon 

dioxide snow, and BF3 by liquid air. 

Boron fluoride is a colourless gas, fuming in 
moist air. A preparation containing less than 
1-7% SiF^ had the following properties : 
m.p. -128°, b.p. -101°/760 mm. (Ruff, l.c. ; 
Moissan, Compt. rend. 1904, 139, 711). It is 
rapidly absorbed and hydrolysed by water 
yielding fluoboric and boric acids. Boron 
trifluoride combines ivith ammonia, alcohols, 
ether, and acetone forming addition compounds ; 
in reaction with organic substances it often 
behaves like aluminium chloride (H. Meerwein, 
Ber. 1933, 66, [B], 411). For co-ordination 
compounds, see G. T. Morgan and R. Taylor 
(J.C.S. 1932, 1497). A method of manufacture 
from boric oxide, calcium fluoride, and sulphuric 
anhydride is given in U.S.P. 1865204, 28/6/32 
(f/. Du Pont de Nemours, B.P. 463546, 30/3/37). 

Boron T ri chloride, BCI3, can be prepared by 
passing a current of chlorine over a mixture of 
boric oxide and charcoal at a red heat, or in better 
yield if amorphous boron (H. V. A. Briscoe and 
P. L. Robinson, J.C.S. 1925, 127, 696) or iron 
boride (J. Hoffmann, Z. anorg. Chem. 1910, 66, 
379) is substituted for the boric oxide and 
charcoal. The vapours are condensed in a 
freezing mixture, and the product purified by 
shaking with mercury and fractionation in a 
vacuum (A. Stock and E. Kuss, Ber. 1923, 56, 
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[B], I4C3). Boron trichloride la a colourless,! 
Ve^ mobile, highly refractive liquid, foimng 
strongly m air , ffl p — 107°, b p. 12 5®y7C0 mm 
(A. Stock and 0. Pness, Ber 1914, 47, 3109) , 
the density has been determined by Bnscoe tl al 
(J.C S. 1927, 282), average value at 11“, 1-3492 , 
the differing values of the density of three 
apemmens depend on the proportion of the 
isotopes in boron from three different sources, 
Cahfornia, Tuscany, and Asia Minor {v. Iso 
TOPES) Boron trichloride reacts immediately 
with water, yielding banc and hydrochloric 
acids. It forms addition compound-s e y 
BCla.POCIj . BCtj,12HjS , BCJ^AFeClj 
Ethyl borate and hydrochJonc acid result from 
its action on alcohol, ttith ammonia at —23“ 
it gives boramide, at 0“ bonnnde Boron 
tnchlonde has been claimed as a rclhgerant in 
G.P. 674562. 

Boron Trihromide, BBr,, prepared by heat 
ing boron in bromine vapour, is a colourless, 
fuming hquid, m p. — 46 0“, b p 90 l“/740 mm. 
(A. Stock and E. Kuss, Ber 1914, 47, 3114 , 
1923, 56, [BJ, 1463). It reacts vicdentiy with 
water, forma addition compounds with salts 
and esters, and resembles boron tnchlonde in 
Its reaction with ammoma at low temperatures 
Aa a reagent containing boron it is more 
convenient than the tnchlonde as it can be 
purified from silicon compounds by distillation 
under ordinary ppessure 

Boron Tnodide, BIj— H itoissan (Compt 
rend. 1891. 112. 717 ,- 1892, 114, C22) 

obtamed the compound as a crystalline sub- 
limate when hydrogen iodide was passed over 
strongly heated amorphous boron, urepared by 
the method of Devmc and Wohler (sodium 
reduction of bone oiude), which contains bondes 
of sodium and iron to which it owes its reactivity. 
Moissao's purified amorphous boron is useless lot 
the purpose, Bonn tnodido forms colourless 
transparent crystals, mp 42®, bp 210*, it 
reacts violently with water forming hydnodic 
and bone acids 

Metallic Bondes. — According to L Hsckspdl 
(Heir. Chim. Acta, 1933, 16, 1118) boron 
combines with all the metals except gold, stiver, 
and copper A number of bondea have been 
described (see J W. Mellor, “Ino/t'anic 
Clhemistry.” V, 1924, 23-32) .and are usually 
prepared by heating the metal with amorphous 
boron, or with bone oxide, or in the vapour of 
boron tnchlonde. 

Magnetitim Boride, MgjB, (A. Stock el al, 
Ber. 1912, 45, 3543 ; 1923, 66, [BJ, 790) 
has frequently been used as a source of boron 
hydrides. Aluminium boridu have been men 
tioned under CrystalLne Boron (rupro, p. 36). 

Technical iron bonde ( B 20%) and manganese 
boride (B 30-35%) are mixtures of several 
bondes differing in tbeir resistance to attack by 
ehlorme and acids ( J. Hoffmann, Z snore. Cbem 
1910, 66, 394). These bondes have been added 
to alloy steels to increase the hardness. L 
Andneui (Ann. Chira. Phys. 1929, [xj, 12, 423), 
by electrolysis of a mixture of the borate and 
fluoride of the metal, obtained CaB., SrB 
BaBj.andMnB. By employing a mixture 5 

fluoride and borate of a metal of the alkalis or 
of the alkaline earths with the oxide of a metal! 


of which the bonde was leqiiired, he prepartid 
CeB., LaB„ NdB*. GdB„ YSg, ErB„ 
ThSe, ZnsB*. TIB^. VBj. CrjBj, UB,. and 
MnB. Accordmg to B.P. 440764, 6/1/36, 
bondes of metals other than alkali metals are 
obtained by the electrolysis of a molten bath 
of bone oxide and the chlonde and/or oxide of 
the metal whose bonde is to be prepared. 

Zr.B.. VB, UBj, and WB, were preparedly 
Tucker and Jloody (J.C S. 1902, 81, 14), Wede 
kind (Ber 1913,46, 1198) by heating the metals 
with boron in an electric vacuum furnace to 
1,SOO’-2,200®. C. Agte and K. Jloers (Z anorg 
Chem. 1931, 198, 233) prepared the brides ot 
Tl, Zr, Hf, V, and Ta in emalJ yield, but 
relatively pure, by a “ growth ” method, 
m which a tungsten wire is heated dectneaUj 
to a high temperature in a mixture of the 
vapours of boron tnbromide and of the metallic 
chloride, and hydrogen. Tho metallic bonde u 
deposit^ on the wire. Tungsten bonde melts at 
3,195® aba, zirconium bonde at 3,265“ abs, 
hafnium bonde at 3,333® abs. Their electneal 
conductivities are remarkably Hgh, they con 
duct clcctncity better than tho free metals 
Their hardness is greater than that of corundum 
(K. Decker, “ Hochschmelzende Hartstoffe,” 
Berlin, 1935, pp. 35, 36, 55, 57, 61). 

Boron Carbides. — These are very hard cty- 
etatlue substances of varying composition; pro 
ducts approximatmg to B,C, B^C, BjC, sod 
BC have been described as well as some cf 
wttT/ned:ate composition. 

The Carbide B,C. — A. Joly (Compt. read. 
1883, 97, 456) separated some crvstals from the 
products of interaction of aiunumum and 
boric oxide contained m a carbon crucible, which 
consuted of boron and carbon (157%) corrt- 
apondtng to BtC, and bad the density, at 17’, 
2 542. H. Moissan {ibid. 1894, 116, 556) pR 
pared this carbide by heating boron in a closed 
carboDcrucible to a very lugb temperature, orio 
well defined crystals by fusing copper or silver 
with which boron and sugar charcoal had been 
previously mixed. After removing the metal 
with nitne acid and the excess of carbon by 
repeated treatments with mtric acid and 
potassium chlorate, and finally boiling the 
residua mlb sulphuric acid, bnliiant hlack 
crystals were obtained of density 2 51. These 
were very bnttle and ao hard that they could 
be used for pobslung diamonds. They take 
fire at 1,000® when heated in oxygen, but no 
carbon dioxide is evolved at 5(X)®. They are not 
attacked by mineral acids or by hydrofloonc 
acid, but were analysed by fusion with potassium 
and sodium carbonates, acidifymg the cold 
product and distilling off the bone acid with 
methyl alcohol on to a known w eight of calcium 
oxide and weighing the boric oxide as calcium 
borate. Carbon was estimated by combustion 
with lead chiomato. S. A. Tucker and H. J. ^ 
Bhss (J. Amer. Chem. Soc. 1906, 28, 605) made 
this carbide (82 8% B) by adding boric oxide 
through a hollow carbon electrode to petroleum 
coke contained in a graphite crucible which 
amed as the other pole of an electric sk. 
Hard alloys containing BjC have been made 
by F. Krupp A.-G. (B.P. 378484, 4/5/31). 

The Carbide B4C is the composition 01 a 



BORON. 


commercial boron carbide described by B. B. 
Bidgway (Trans. Amer. Electrochem. Soc. 1934, 
66, 177 ; U.S.P. 1897214, 1933). Boric oxide is 
heated with coke in an electric resistance 
furnace to 2,500°-2,600°, the melt contains a 
core of crystalline boride approximating to 
BjC. Its properties are density 2-508-2-522, 
resistivity 20°, 9-445 ohms/cm.^ ; the coefficient 
of thermal expansion between 25° and 800° is 
4-5 X 10~® ; its hardness is intermediate between 
carborundum and diamond. It is not attacked 
by aeids or by alkaline solutions, but when 
powdered and heated wiU oxidise rapidly in 
air. Moulded articles can be made of the 
carbide, which is used for nozzles for sand- 
blasting, for dies for wire drawing, as a sub- 
stitute for jewel hearings, and for thread 
guides. 

The Carbide BgC. — A earbide corresponding 
to this composition has been made by E. 
Podszus (Z. anorg. Chem. 1933, 211, 41) by 
heating to a very high temperature a mixture of 
boron nitride with sugar charcoal, placed 
between carbon electrodes. Large octahedra of 
BgC are formed at the same time. BgC is 
harder than BgC (c/. B.P. 204337, Conv. 
20/9/22, assigned to Hartstoff-Metall Akt. Ges.). 

The Carbide BC was obtained by 0. Miihl- 
haeuser (Z. anorg. Chem. 1894, 5, 92) as blaek 
spherical masses, containing 51-2% C, by heating 
100 parts of boric oxide with 160 parts of 
carbon in an electric furnace. 

Silicon Borides, SiBg and Si Bg, hard black 
crystals, were made by heating the mixtures of 
the elements (H. Moissan, Compt, rend. 1900, 
131, 139). 

Boron Sulphide, BgSg, may be prepared as 
a crystalline sublimate by passing sulphur 
vapour, entrained by hydrogen, over amorphous 
boron heated to 1,200° (H. Moissan, Compt. 
rend. 1892, 114, 618 ; 115, 203). Hydrogen 
sulphide mixed with hydrogen gives improved 
results at 1,600° (Costeanu, ibid. 1913, 157, 934). 
J. Hoffmann’s product, obtained by passing 
hydrogen sulphide over iron or manganese boride 
at 200°-300°, was a mixture in varying pro- 
portions of BjSg with BgSg-HgS. (Z. anorg. 
Chem. 1910, 66, 368). Boron trisulphide forms 
glistening white needles, and is also obtained as 
white amorphous, and as transparent vitreous, 
masses. It begins to melt at 310°, its density 
is 1-55 (Moissan). Water decomposes it giving 
hydrogen sulphide and boric acid. 

Boron Hydrosulphide, BgSg-HjS (boron 
sulphide thiohydrate), was prepared by A. 
Stock el al. (Ber. 1901, 34, 399, 3039) by 
passing hydrogen sulphide for six days into a 
boiling solution of borontribromide dissolved in 
its ovra weight of carbon disulphide; the solution 
evaporated in vacuo left crystalline B2S3,H2S, 
m.p. 120°, in a sealed tube. It loses HgS slowly 
at ordinary temperatures, rapidly at 100° ; 
water reacts violently yielding H2S and 
H3BO3. 

Boron Oxides. — Boron Sub-oxides. — E. 
Weintraub considered that Moissan’s amor- 
phous boron contained boron sub-oxides, 
BgO (Ind. Eng. Chem. 1911, 3, 299) or B,0 
(Trans. Amer. Electrochem. Soc. 1909, 16, 
173). Their properties are those ascribed 
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to Moissan’s boron. H. H. Kahlenberg 
(Trans. Amer. Electrochem. Soc. 1925, 47, 
59) prepared Moissan’s boron (of gross com- 
position B,0) which after boiling with 1% 
KOH solution washing and drying, gave 
analytical figures corresponding to BgO. 
This was heated with gold chloride solution, 
in which boron dissolves while gold is deposited. 
The residue after removal of gold was a brown 
powder not attacked by hot hydrochloric or 
sulphuric acids. Its composition was repre- 
sented by BgO. 

Boron Monoxide, BO. — ^The spectrum of BO 
has been studied by several authors for the 
purpose of calculating the proportion of the 
isotopes ^®BO and ^^BO and thus arriving at a 
value for the atomic weight of boron. The 
vapour of boron trichloride is passed into a 
current of active nitrogen containing the 
necessary trace of oxygen (A. Elliott, Broc. Phys. 
Soc. 1933, 45, 627). The spectrum of a carbon 
arc fed with borax, contains lines between 3,600 
and 7,000 A ascribed by MuUiken (Physical 
Rev. 1925, [ii], 25, 259) to boron monoxide 
(W. Scheib, Z. Physik, 1930, 60, 74). 

BgOg and B4O5. — M. ’W. Travers, N. M. 
Gupta, and R. C. Ray, in “ Some Compounds 
of Boron, Oxygen, and Hydrogen,” London, 
1916, describe the preparation of two lower 
oxides of boron, BgOg and B^Og, and of boro- 
hydrates which form salts with alkalis. Mag- 
nesium boride, MgsBs, was first prepared by 
heating 2 parts of magnesium powder with 
1 part of boric oxide in a current of hydrogen 
(Ray, J.C.S. 1914, 104, 2162). The product was 
powdered and extracted with water. Provided 
the magnesium had been completely converted 
into boride, a solution was obtained which, when 
made strongly alkah'ne with ammonia, filtered, 
and evaporated, left a residue consisting mainly 
of BgOg. Its solution gives off hydrogen in 
contact with all surfaces, and is a powerful 
reducing agent precipitating red copper hydride 
from cupric salts, or, if concentrated, a precipitate 
containing copper and boron. The solution is 
believed to contain HgBgOj, it evolves 4 atoms 
of hydrogen on treatment with acids, the other 
two hydrogen atoms are removable by iodine. 
By treating magnesium boride TOth dilute 
potassium hydroxide solution and evaporating 
the filtrate, Ray obtained crystalline K^BoOoH, 
(J.C.S. 1922, 121, 1090). The oxide", B^Og, 
contained in the residue from the evaporation 
of an ammoniacal extract of magnesium boride 
I had previously been prepared (ibid. 1918, 113, 

I 803 ; see also Quart. J. Indian Chem. Soc. 1924, 
j 1, 125). It is very unstable and readily oxidised 
to boric acid. 

BgiOH)^?. — A. Stock et al. (Ber. 1925, 
58 [B], 655) obtained a solution considered to 
contain this or another new — B : B — oxide 
by the action of water On BgCl^, v.t. 0°/44 mm., 
prepared by reducing BCIg in a zinc arc. 

Potassium Hypoborale, KHgBO (A. Stock 
and E. Kuss, Ber. 1914, 47, 810), was obtained as 
colourless crystals by shaking dihydrotetra- 
boi^o,^ B4 H.q at 0° with a frozen 40% potassium 
hydroxide solution : 

B4Hio-(-4KOH=4KH3BO-)-H2 
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Ttf equeous solution of the silt vfcea boiM 
or aetdiSed gives off hydrogen, about SOO ce. 
from 1 g. and yields bone ead. The aolntioa 
does not absorb atmospheno oxygen althoagh , 
it u a powerful tednang agent, preeipitat^ 
copper hydride from cupnc sulphate aolntiaa 
and evolrag hydrogen. Even a r«y dilate 
solution of the hypoborate precipitates blact 
cichel bond*, Ni.B, from a nieVeloua sulphate 
tolaiton (A StoA, “ Hydrides of Boron and 
Silicen,” 1933, p. 145) ^Vhen the salt is heated 
la a Tacuun it lo«es water and hydrogen at 
1 1 0% and at 400’-450’ metalLc potaasiun distils 
over, whEe hydrogen u still evolred. 

iJonc Ondt, Borm Tnoxxde, Bone Anhydride, 
IS formed when boron is burnt m oxygen ; 
in air some boron rutnde is also prodneed. 
It IS Esuallv prepared by dehydrating bone 
aad by heating it to redness m a platinutn 
cruntle and pouring the clear melt on to 
platinum foE ; it forms a very hard glassy mass, 
which rapidly absorla water while being pulver- 
ised, A white friable mass, which is a more 
convenient form for subsequent operations, is 
obtamed by slowly heating boric acid to 2CiO*, 
avoiding fu«ion, m vacuo over phosphorea 
pentoxide. S. S. Cole and N. W Taylor (J. Amer. 
Chem.Soc. 1934,56. 1643; J. Amer. Ceram, Soc. 
1933, 18, 53} prepared a previously tinimown 
erystalline bone oxide by heating bine acid m 
vacuo to 235* for 400 honra. The S ray pattern 
then ehowed about 12 aharp hues izstesa of the 
diffused 2iM* band of banc oxide glass. It hsa 
mp. 204=1*. <P». 1-SOS; fle 1-45S. Bone 
tad glass has Use d** i-544. These asthore 
asenbe the erroneous aLpa, 5TT* and 1,300* 
recorded la the literature to the high viscosity 
of the glassy form, Bnscoe, Bobinson, and 
Stepheoson (J.C,S. 1926, 77) found the mean 
den<ity of pure fused bone oride gUas to be 
1 7952 s Californian B.O, at 1736*. 1-79711, 
Peruvian 6|Oj at 19 23*. 1-79404, were the 
extreme values for B,0, from six different 
sources. They remark (!.«. 7S) that the commonly 
accepted value is 1 S8. Mott (Trans. Amer. 
Electrochem. Soc. 1918, 54. 204) determined 
th* b p. by an approximate method to be 1,500* 
under atmosphenc pressure. Wartenberg and 
Bo»se (Z. chem. ApparaUnk. 1922, 28, 3S4) 
stated that the boEing-pomt was not reached at 
1,501* under 133 mm. pressure. Boric oxide is 
notably volatEe at 1,000* according to Tied® and 
Bimbraner (Z. anorg. Chem. 1914, 87, 129). 
Bedsos and WEIiams (Ber. IS3I, J4, 2554) 
measured the refractive index of boric acid 
at 15 S*. with the foDowingresulta 1*46245, 
"nff 1*47024, «!, 1-45427. IVtfle fused bone 
oxide glass is eohdifying it cracks and emits light 
(Dumas). The linear coeScients (xlO^) of 
thermal expansion of bone oxide are, at 10’, 
14-40 ; 100%1450 ; 2(iOM53 ; 243M9 ; 250*. 
203 : 334*. 210. There u an abrupt increase at 
about 250* (M. Samso»n, Compt, rend. 1925. 
181. 354). 

Boric oxide reacts with wafer, with evolution 
of considerable heat, the mixture sometimes 
boEing : 

8,O,-i-3H,O=2H,B0,-i-16 Skg. caL 
(Ecrthelot, .Ann. Chim Phya. 1379 [v], 17, 1J3), 


Tie powdered oxide prepared by ITalton and 
Ro*enbaum (J. Amer. Chem. Soc. 1923, 50, 
IMS) is a rapid and efficient drying agent for 
gMesnat3itcontaics25%water. Thereactions 
of bone oxide with sodium, potassium, mag. 
neaum, calcinm and aluminium hare been 
cocsidned under Preparation o/ Boron, with 
carbon under Boron Ca»^’d«, with nitrogen and 
carbon under Boron yitnde, with carSon and 
chlorine under Boron Triehloidde. 

Bone oxide is not reduced by phosphorus; 
phosphorus pentoxide forms boron phosphate, 
BPO^, and arsenic oxide yields BAsO^. It 
dissolves m hot sulphunc acid to a very viscous 
soIntiOD, and forms double compounds with 
sulphur trioxide. BjOg.SOj, and B}Oj,2SOj. 
Hydrogen fiuonde converts the oxide into boron 
triffuonde BF,, hydrofluoric acid dissolves it 
rapidly, yielding a solution of tetrafluoboric 
acid, HSF|. and probably another flnoborie acid 
(Travers and Malaprade, Compt. rend. 1923, 187, 
765). At a red heat boric oxide decomposes 
many inorganic salts, forming borates, whEe the 
acids or their decomposition products are 
volatilised , under the same conditions many 
oxidesare dissolved m the fused boric oxide form, 
ing. in some cases, coloured glasses, but SiO^ 
AljOp Cr,0^ SnO^ MoO., UO*. U,0^ 
ZfOj, ThOj, YjOj. EVjO, are insoluble op to 
1,400*. Ctyrtalline borates were prepared by 
Onveard (Compt. tend. 1900, ISO, 172. 335 ; 
190). 133. 257) V faring a mixture of a metallic 
oxide (CaO. SrO, BaO, CdO, ZnO, NiO, 
MnO) with boric oxide and add potassium 
ffoonde. 

Highly phosphorescent substances,*' boric acid 
phosphors,” consist of bone eade or of partly 
debywied boric aod, containing tncee of 
organic substances, e g. ortboboric acid heated 
to 170*, with from 0-0001% to 0'01% flnoresc^ 
(Shirov, 1931, A. 696 ; Tiede and Tbmans, Ber. 
1926, 69, pBi 1*06 \ Tiede aad Bagoss, Ber. 
1923, 56, (Bj, 65^. 1 g. of boric acid is mixed 
with a few drops of an alcohobo fluorescein 
Bolation aad the mixture heated untE it is almost 
completely fused but aot completely dehydrated. 
After exposure to light the material will glow 
bnzhtly for about two minutes. 

Boric Acid. Boracie Aevd, Orthoborie Add, 
occurs in the steam of the Tuscan 
eoffiooi (r. Oc«frTence),fiom which it is recovered. 
It is manofactuied from native borax or a 
borate mineral, auch as rasorite, 
Na,B40,,4Hj0 ; 

uleiite, NaCaB404,8H*0 ; colemanlte, 
Ca}5f0]4.5H(0 ; and pandennite, 
CajB„0„,9HiO. 

A aolution of borax or a suspension of the 
ground minerals is digested with dilute sulphuric 
acid and steam is blown through the mixture. 
The calcium sulphate formed from the minerals 
last mentioned is filtered off, boric acid crystal- 
lisea from the filtrate. Sodium hisulphate may 
be used rartead of sulphuric add (A. KeDy, 
B.P. 351810, 20/8/30). Sulphur dioxide u 
eiaployed in U.S.P. 1642535, 13, '9/27, AppL 
4,19/24). The boric acid is cryatalli^ out at 
a temperature just above that at which sodium 
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sulphate begins to crystallise and a cycle of 
operations is then commenced (B.P. 294236, 
7/G/28 of the American Potash and Chemical 
Corp.). Orthoboric acid is readily obtained 
by treating a solution of 3 parts borax in 12 
parts hot water with 1 part sulphuric acid. . On 
cooh'ng boric acid separates out, and is purified 
by -one or- more recrystallisations from water. 
Boric acid forms white, translucent, shining 
scales which are unctuous to the touch, or 
triclinic crystals from solutions containing 
sulphuric acid. When heated to 107° it is 
converted into metaboric acid HBOg, and into 
pyroborio acid H2B4O7, at 140° (Nasini and 
Ageno, Gazzetta, 1911,41 [ij, 131). Above 184°, 
BjOj, boric acid glass, is formed. 

Sborgi and .Perri (Atti R. Accad. Lincei, 
1920, [v], 13, 586) have published the following 
values of the solubility of boric acid in water : 


Tempera- 
ture °C. 

e. H 3 BO 3 per 
100 g. solution. 

Tempera- 
ture °C. 

g. H 3 BO 3 per 
100 g. solution. 

0 ° 

2-59 

60° 

12-88 

10 ° 

3-47 

69° 

15-58 

21 ° 

4-89 

80° 

19-10 

31° 

6-43 

90° 

23-94 

40° 

8-02 

99-5° 

28-09 

50° 

10-35 




Book (Ann. Physik, 1887, 30, 638) determined 
the sp.gr. and conductivity of boric acid 
solutions at 18° : 


g. H 3 BO 3 in 

100 g. solution. 

Specific gravity. 

Conductivity 

10 «xK. 

0-776 

1-0029 

0-0483 

1-92 

1-0073 

0-1322 

2-88 

1-0109 

0-2240 

3-612 

1-0131 

0-3217 


Boric acid in solution is one of the worst 
conductors ; the distilled water used in pre- 
paring the solutions had at 20° KxlO®, 0-028. 
International Critical Tables III, 70 (1928), 
Gerlach (Z. anal. Chem. 1869, 8, 245), give the 
following values for the density, 15°/4°, of 
boric acid solutions : 1% H3BO3, 1-0045; 

2%, 1-0103 ; 3%, 1-0165. Myers (J.C.S. 1917, 
111, 178) found that the hydration of boron 
trioxide takes place in two stages, first to meta- 
borio acid, HBOj, and then to orthoboric acid. 
Menzel, Schulz, and Deckert (Z. anorg. Chem. 
1934, 220, 49) from vapour tension measure- 
ments and X-ray analysis of the system B jOj — 
H.O, conclude that HBOj and H3BO3 are 
the only hydrates formed. Bezzi (Annali 
Chim. Appl. 1932, 22, 713) found that ortho- 
boric acid begins to be converted into the meta- 
acid at 50°, at 100° the meta-acid is stable and 
not volatile, ortho-acid is alone volatile in steam 
up to temperatures slightly above 100°. 
Anschutz and Riepenkroger (Ber. 1925, 58, [B], 
1734) considered that orthoboric acid dissociates 
into water and the meta-acid when the tempera- 
ture is sufficiently high, and the latter acid then 
volatilises with steam. Nasini (Atti R. Accad. 
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Lincei, 1926, [vi], 3, ,27) maintains that ortho- 
boric acid distils in steam at reduced pressures 
if the temperature is not below 60° ; at higher 
temperatures it volatilises even at the ordinary 
pressure. The loss sustained by evaporating an 
aqueous solution at 65° is 0-20% of the water 
evaporated (Nasini and Ageno, ibid. 1912, [v], 21, 
ii, 125). H3BO3 is readily volatilised in the 
vapour of methyl alcohol even at room tempera- 
ture, ethyl alcohol is less efficient (c/. 1936, A. 
1062). Boric acid-is soluble in glycerol 1 in 4 
parts, and in alcohol 1 in 30 parts. Its solubility 
in water is increased by additions of glycerol, 
mannitol, tartaric acid and oxalic acid, and 
diminished by sulphuric, nitric, hydrochloric 
and acetic acids. 

Boric acid has mild antiseptic properties, 
but does not destroy putrefactive bacteria 
although it inhibits their growth. Its use as 
a food preservative is no longer permitted in 
Great Britain. It is an ingredient of mouth 
washes, eye lotions and antiseptic dusting 
powders. A solution of boric acid or borax, but 
chiefly the latter, is used in the citrus industry 
for w-ashing oranges prior to packing for ship- 
ment to distant markets, an enormous tonnage 
being treated per annum in the United States, 
thus greatly reducing the loss due to spoilago 
of the fruit by moulds (c/. “ Borates,” 1933, 
p. 11, Imperial Institute, London). 

Boric acid has a marked tendency to form 
complex compounds, e.g. boroarsenites, boro- 
tungstates, boromolybdates, borovanadates, 
boromalates, borotartrates. Fox and .Gauge 
(J.C.S. 1911, 99, 1075) isolated mannitoborio 
acid, m.p. 89-5°, by means of the reaction 
C6H,403+H3B03 -Hj0=C3Hi 508B. Tho 
complex acids formed in mannitol and glycerol 
solutions are comparatively strong acids, of 
importance for analysis. For the manufacture 
of boric acid in Italy, see Production (p. 40). 

Metaboric Acid, HBOg or BjOj-HjO, is a 
1 product of dehydrating boric acid (v. supra). 
At 100° the tension of dissociation is 60 mm., 
becoming almost zero when the reaction 

H 3 B 03 =HB 0 ,-PH 20 

is complete (Lescceur, Ann. Chim. Phys. 1890, 

I [vi], 19, 42). In moist air or in aqueous solution 
metaboric acid is converted, with measurable 
velocity, into orthoboric acid (Myers, J.C.S. 
1917, 111, 172). 

Pyroboric Acid, Telraboric Acid, HjB^O ^. — A 
residue corresponding to this composition has 
been obtained several times by dehydrating 
boric acid at 130° (Menzel et al., l.c.) or at 140° 
(Nasini and Ageno, l.c.), but according to the 
first-named authors the product is a mixture of 
HBOj and B2O3. For the salts of this acid, 
see Borates (injra), 

JIetallic Bobates. 

Borates are obtained by the action of boric 
acid on metallic oxides or their salts, in solution 
or by fusion. 

In solution boric acid is a very weak acid : a 
coffi saturated aqueous solution colours litmus 
a wine-red ; a hot saturated solution gives a 
bright red colour. It is expelled by almost all 
acids from its combinations, partially so even by 
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carbonic acid and hydrogen sulpliide. A boOing 

concentrated solution, however, decomposes 
carbonates and soluble sulphides and manganese 
sulphide HackspUl, RoUett and Andres 
(Compt. rend. 1931, 192, 48) heated mixtures of 
alkali chlorides with a large excess of bone acid 
in steam at 100‘‘-150'’, and found that after 
30 minutes the hydrochloric acid was com 
pletely evolved, leaving a pentaborate, 
M.O,5B,Oj. except in the case of sodium 
chlonde, when a chloroborate, 

NajO SBjO^NaCI. 

IS produced ; whilst sodium nitrate yields a 
tnborate, NajO,3BjOj. 

At high temperatures, fused bone acid is 
capable of decomposing the salts of aD more 
volatile acids. 

The borates of the alkali metals are soluble m 
water, but precipitated by alcohoL The borates 
of the other metals are msoluble, or Bpanngly 
so in water Soluble borates produce precipi* 
tates in solutions of salts of calcium, banum. 
strontium, mckel and cobalt, and of feme salts 
which are soluble m ammomum chlonda. 

Anhydrous borates are produced by fusing 
bone oxide at 1,350'’-!, 430“ for 3 hours with 
the equivalent quantity of a metalhc oxide 
(valency of metal atoms=»valency of boron 
atoms). The oxides soluble in bone oxide form 
three groups (1 ) The oxides of lithium, potas* 
Slum, sodium, rubidium, csssiom, thallium and 
sdrer produce clear fusions which either 
crystallise or leave clear glasses on cooling. 

(2) Cuprous oxide, and oxides of lead, bismuth, 
antimony, arsenic, titanium, molybdenum 
and tungsten produce clear fusions at high 
temperatures which form suspensions on cooling. 

(3) The oxides of calcium, strontium, banum, 
magnesium, zme, cadmium, manganese, iron, 
cobalt and nickel do not give homogeneous 
fusions, but separate into two layers. Ber>'lJium 
oxide, titanium dioxide, and sihca are insoluble 
m fused boric oxide (W. Quertlcr, J.S.C 1. 1908, 
27, 158 ; Z anorg Chem. 1904, 40, 223) 

Borates have also been prepared electrolyti- 
cally by Levi and Castellani by electrolysing 
bone and and an alkaline earth chlonde in a 
divided cell /J S C I. 1909, 28, 248) 

Ammonium borates. — Laderellile, 

(NH4),BioO„.BH,0. 

occurs m the Tuscan lagoons m small crystallmc 
rhomboidal plates (D'Achiardi, Chem. Soc. 
Abstr. 1900, 600). Of the eleven ammomum 
borates which had been desenbed, U. Sbmgi 
(Atti E. Accad. Lincei, 1912, [v], 21, li, 855) 
obtained only one. vir. (NH^ljO.BBjOj.BHjO, 
and, in addition, a new borate, 

2(N H4)j 0,4B,0„5H jO, 
by keeping mixtures of ammonia, boric oxide, 
and water at 30° until equilibrium was obtained. 
At 60° the first named salt exists and also 
{NH4),0,4 Bj 03.6 HjO. and 

(NH4)j0.2B30j,4H30 
(tbid., 1915, [vj, 24, /, 1223 ; cf. 3fenrel, Z. anorg. 
Chem. 1927, 164, 22). 

Barium borates. — ^The interaction of banom 
hyuroxide and boric acid in aqueous solution has 


been studied by Sborgi (Atti R. Accad. Lincei, 
1914, [%']. 23, i, 530, 717, 854). The only stable 
compounds which appear to exist are the two 
tnborates, BaOiSBjOg.THjO and 
2BaO,3Bj03,6H30, 
and the metaboratc BaO, 6303,41-120. 

Calcium borates. — ^Hydrated calcium borates 
occur as the important mmerals colemanito, 
03264041, SHjO, and pandennite, 
CajBijOjj.OHjO, 

as mined, nearly similar to the Oregon mineral 
pnceite CajBigOij.THjO. Sborgi (i&id. 1913, 
(v], 22, I, 798) prepared two borates stable m 
water at 30°, 

CaO.BjOg.SHjO and 2CaO,3B2O3,9H20. 

Copper borate, Cu0,B204, blue crystals, 
b obtained by fusing cnpnc oxide with an 
excess of boric oxide, and has been proposed as a 
pigment, being used in the colouring of porcelam. 

Lead borates. — By mixmg concentrated 
solutions of lead nitrate and borax, the meta- 
borate Pb( 602)2, H2O ^ precipitated, and by 
the use of solutions of smaller concentrations 
Rose obtained many basic salts. They all melt 
on strong heatmg to colourless or light-yellow, 
highly refractive glasses, the hardness increasmg 
xnth the boron content. Glasses may be ob- 
tamed by fusing together lead oxide and bone 
acid ID any proportions greater than 0 0725 
equivalent of 3(PbO)to 1 equivalent BjOj, but 
below this limit a suspension is formed on cooling. 
(Guertler, Z. anorg Chem. 1904, K, 227). 
Precipitated lead l^rate is used as a drier in 
boded linseed oil and m mixed paints. 

Magnesium chloro-borate is found in 
northern Germany as the ciystaliine mineral 
boracite (jv.), 6MgO,MgCl2,8B202, also 

desenbed as 5Mg0,MgCl2.7B2O2. 

Manganese borate, acrystaUine precipitate, 
Mn4H(BO,)2H20, from mixed solutions of 
borax and manganous sulphate (Hartley and 
Ramage, J.C S )S03, 63, 129), is used as a paint 
drier. 

Potassium borates. — DukelsLi (E. anorg. 
Chem. 1906. 50, 38 ; 1907, 54, 45) desenbes 
three salts stable at ordinary temperatures : 
K,0 ,Bj 09.2 5H2 O ; Kj0,2Bj03,4H20 •; 

Kf0,SBg03,4bft0. RalJet and Andres fOimpf. 
rend. 1930, 191, 567) prepared potassium 
pentaborate, KB50g,4H20, by adding potassium 
chlondeaolution to one containing ammonia and 
bone acid m the proportions required for 
(NH,)BsOg. 

Sodium borates. — The only commercially 
important compounds are sodium diborate 
(f. Borax), the perborate and the metaborate 
NaB0;,4H20. 

Acid£orates Na{0‘3B20gBndNa{0,4B20g, 
melting at 694° and 783“ respectively, may be 
obtained by fusing mixtures of borax and boron 
tnoxide (Ponomarev, Z. anorg. Chem. 1914, 
89. 383). 

SodiuM jDitorafe, Borax, Sodium Ttlraborale, 
NagBgOf.lOHjO — Borax occurs in the crude 
state m what are termed borax marslies, which 
are generally the bottoms of dried up lakes, or, 
where tincal is found, lakes that are nearly 
dned. The crude borax m the former instances 
is found lying on the surface of the plain, of a 
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peculiar greyish-yellow colour, having a depth of 
from 1 in. to IB in. It is generally associated 
with other substances, both soluble and 
insoluble, e.g. NaCI, Na2S04, Na2C03, 

CaCOa, AI2O3, Fe203, sand. 

Borax is now manufactured from rasorite 
{kernite), Na2B40„4H20, which is the most 
important boron mineral, and is found in 
California. It was discovered in 1926, and on 
account of its composition and economical 
working, it has entirely replaced the other 
boron minerals in the manufacture of borax. 

The crude mineral, as mined, consists of 
rasorite and gangue (shale and clay). The bulk 
of the latter is removed by mechanical means 
before despatching it from the mines. The 
process consists of crushing and grinding the 
freshly mined ore, which is then passed through 
an electro-magnetic separation plant. In this 
way the more magnetic part (shale) is separated 
to a great extent from the less magnetic part 
(rasorite). The mineral is further subjected to a 
current of air at about 130°C. in a rotary drier, 
whereby it loses part of its water of crystallisa- 
tion. A product is finalty obtained which is 
stable, fairly uniform, and contains about 45% 

B2O3. 

The manufacture of borax from rasorite 
concentrates comprises several steps. The ore 
is treated first with, hot water and/or mother 
liquor from a previous extraction, whereby 
borax goes into solution. If the solution con- 
tains dissolved silica, the latter should be 
rendered insoluble by adding , a precipitating 
agent, after which the hot solution containing 
about 35-37% borax is filtered, the insoluble 
residue going to waste. The hot filtrate is 
diluted to a strength of 30-33% borax, and, if 
necessary, treated with an oxidising agent 
to destroy any colouring matter that may be 
present. A second filtration follows, and the 
borax is obtained from the resulting clear solu- 
tion by crystallisation, which is carried out by 
cooling either slowly or rapidly. In the former 
case, crystallisation takes place in large iron 
tankk, the time for the solution to cool down 
being 5 or 6 days, and the product consisting of 
large, well-developed crystals. 

By the second method, the hot solution enters 
a vessel equipped with an artificial cooling 
device and an automatic stirrer, by the use of 
which the borax is obtained in a granular 
form in from 3 to 5 houi-s. The granulated 
borax is separated from the mother liquors by 
centrifugal machines and finally dried in a 
special dryer using a current of hot air. Ciy^stal- 
lisation under vacuum is also employed in the 
production of granulated borax from hot 
solutions. , 

Before the discovery of rasorite, borax was 
made exclusively from the calcium borate 
ores, colemanite and ulexite. These ores had 
to bo concentrated by calcination and a separa- 
tion process in order to increase their boron 
values. The manufacturing steps in the process 
of maldng borax from these minerals were 
similar to those used for rasorite. However, 
the cost of production from calcium borate 
minerals is much heavier than from rasorite, 
because the plant has to be larger and more 
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elaborate. These ores have to be decomposed 
by means of soda ash and bicarbonate of soda 
(mostly under pressure) whereby sodium 
borate and calcium carbonate are formed 
at the same time ; the latter goes to waste, 
but requires an extensive filter press installa- 
tion. The handling of this large quantitj- of 
waste product usually presents difficulties and 
increases manufacturing costs. Evaporation of 
mother liquors which eventually become foul 
and run to waste is necessary when borate of 
lime, especially ulexite, has to be worked, the 
consequence being lower production and 
increased costs. 

The increasing uses of borax for industrial 
purposes have been stimulated by the low 
prices of this product, which stand, in most 
countries, at levels lower than pre-war. This 
has been made possible by the discovery 
of rasorite, from winch, for reasons stated above, 
borax can be manufactured much more cheaply 
than from the calcium borate ores formerly 
employed. t 

Properties. — Borax forms two varieties of 
crystals, (1) the decahydrate, which is produced 
by allowing solutions of borax to crystallise by 
cooling down to the ordinary temperature ; (2) 
the so-called octahedral borax (actually hexa- 
gonal), apentahydrate which separates out when 
the solution is allowed to crj’stallise above 62°. 

(1) Ordinary or prismatic borax, 

NajBjO^IOHjO, 

forms large transparent monoclinio prisms with 
truncated lateral edges. They efSoresce when 
exposed to the air, have a rather sweet, coofing, 
alkaline taste, and a sp.gr. variously stated as 
1-692-1-767. When heated they melt in their 
water of crystaUisation, swell up, and leave 
a porous spongy mass, called burnt or calcined 
borax (borax usla), and fuse at a red heat to 
a colourless anhydrous glass (vitrified borax) 
v/ith a sp.gr. of 2-36, which slowly absorbs 
water from the air, reforming prismatic borax. 
At 62° the decahydrate undergoes transition 
into the pentahydrate NagB^Oj.SHgO. At 
130° the salt contains 3 mols. H2O ; at 150°, 
2 mols. H2O : at 180°, 1 mol. H2O. At 318° 
it becomes anhydrous. At very low vapour 
pressures of water fresh borax passes irreversibly 
into an amorphous material with about 2H2O, 
which may bo rehydrated to the pentahydrate. 
Anhydrous NUjB^O,, m.p. 741°, crystallises 
rapidly at 600° (Menzel e< al., Z. anorg. Chem. 
1935, 224, 1). Na2B40.,4H20 (c/. rasorite, 

supra) does not occur in the dehydration of 
higher hydrates. In vacuo at 60° borax quicldy 
evolves 8 mols. of water (Kieffer, Compt. rend. 
lOe Congres Chim. Ind. 1930, 520). 

When borax is distilled with methyl alcohol, 
about 50% of the boric acid comes over fairly 
readily, and on longer treatment nearly 60%. 
From the liquor remaining in the flask, ciystals 
of NaBOo.SCHa'OH separate (Polenske, 
Analyst, 1902, 27, 34). 

Borax dissolves in water, but is insoluble in 
alcohol. TJic aqueous solution has an alkaline 
reaction, and changes the colour of an alcoholic 
solution of turmeric to brown ; a small quantity 
of a mineral acid restores the original yellow 



BORON. 


colour, but a larger quantity liberates bone soul 
in sufficient quantit} to produce the chaiacter- 
istie brown coloration. Its solubility in tvater 
at different temperatures is shouit mtbefoDow* 
lag table; 


SoLCBiLny OF Boiux in Wateb 


■c. 

Solid 

g. NhB.O. 
inltiOg 
SOlUtloD 

0 45 

ice and Na254O.,10H}O 

I-0S6 (I) 

0 

MO (2) 

10 


1 003 (2) 

16 


2-135 (2) 

IS 


227U3) 

20 


2 520(1) 

25 


3 039 (3) 

SO 


3-750(J) 

35 


4 829(4) 

45 

„ 

7-49 (4) 

50 


9 520 (4) 

55 


12 37 (4) 

65 

Na,B4b7,5HjO 

17-953(1) 

SO 

23 9 (4) 

102 9 
(bp) 


37 080 (4) 


(1) U Sborgt and £ Gallichi {Gazzetta. 
1924, H 203) 

(2) U Sboigiand Cesarotu(At(i Soc. Toscana, 
80, 4, quoted m (1) ] 

(3) H 3fenzci(Z anorg Ctcoi. J027, IW, 71) 

(4) U Sborgi, £. Bovaliot and L CapeUuii 
(Gazzetta, 1024. 54, 29S). 

For conditions dHsrtotiiing the crjstalltsa- 
tioQ of borax, set Le\ i and Castellani (Gazzetta, 
1001,40, 1, 13t>]. 

At the temperature of 27 , boras solutions 
bold 1 lb of boras to tbc iRi^ienal gallon, and 
hat a a sp gr of 1 030, Or 10* Tw The general 
erj stadismg strength is I 160 sp gr , or 32* Tw., 
when the solution bolds 5 lb. of Wrax to the 
gallon, crjstalbsation commencing at 05 5*. 

The fpecijte graiili/ at 16® of borax sotHtions 
(G T Gerlach, Z anal Chem. 1880. 28. 473) is 
related to the concentration, affoliotrs -• 



j g Substance m 

loo e Solution 

Sp g 

Ns^BjO-loHjO 

Na.B,07 

10049 ' 

' 1 

1 0 5288 

1 0099 

2 

10576 

1-0149 

3 

, 15S&4 

10199 

4 

2-1152 

] 0249 

' 5 


1 0290 ' 

1 6 

( 31727 


10290 i 6 I 31727 

1 032 supersaturated solution at 15 ’ 


Borax 13 easily decomposed by acid*. Hydro- 
ekloric acid leair®, on eiaporafion, sodium 
ihloride and free Ixmc acid Corbonif arid is 
absorbed from the air b\ a solution of borax, and 
no borax h prciipitated on the addition of 
ab-ohol (SchiAcizcr, A.iiiialen. 18-50. 76. 268) 
Sdlurated with ^iilphiiielled /ij/drogtnlinduuxcil 


With alcohol, the liquid separates on the addition 
of ether into two layers, the lower eontammg 
sodium sulphide, the upper free bone acid 
(Schweizer, I c.). With sodium JJuoride it forms 
sodium fluoroborate. When 1 part tartaric 
arid IS mixed with 2 parts of a hot solution 
of borax, boric acid separates out on coolmg. 
If the tartanc acid be increased, the separation 
of bone acid likewise mcreases up to a certain 
point, after which it diminishes, and ultimately 
13 no longer separated. Folassium hydrogeti 
tartrate forms a double salt with borax. .Silicic 
acid IS insoluble, or nearly so, in solutions ot 
borax Cocaine and many alkaloids are pre- 
cipitated by borax solution. Silver nitrate 
prMipitatea white AgBO^ from strong Bohtions 
of borax, dilute solutions jield brown Ag^O 
(Rose, Pogg Ann. 1852, 86, 470) 

Bentoie, tartaric and gatlie acids are more 
soluble in borax solution than in water. Many 
fatty acids and reams, notably shellac, dissolve 
as readily m borax as in alkaline leja, the borax 
heharisg like a mixture of boric acid and free 
soda 

Anhydrous borax fuses at 741“ and readily 
dissolves and unites with metallic oxides, foimmg 
a fusthlo glass of a double salt, which property 
renders it of great use in soldering -and m 
metallu^ical operations and in blowpipe 
analysis, tbe glasses thus formed often exhibiting 
characteristic colours. It is used also in the 
preparation of easily fusible glass fluxes for 
enamels and glazes. 

(2) Octahedral horar, NajB 407 , 5 H 20 , a ob 
tamed by allowing a saturated solution of borax 
to cool down to about 60* ui a warm place ond 
removing the crystals. 

The crystals are regular, transparent oefa- 
hedro, belonging to the hexagonal system, 
harder than the ordinary borax. They have a 
concboida) fracture and a sp gr. of 1 8. They do 
not change in dry air, but absorb moistura very 
readJy and become turbid. At 1)6* they 
decompose, passing into the dehydrate (Kiefer, 
Compt. rend, lOe Congres Chim. liid )930, 
520). They fuse more readily than the prismatic 
iCrystab, and with less intumescence, and with 
out decrepitating. Octahedral borax is therefore 
better adapted for sold^rmg and as a flux than 
rominoQ borax, and the smaller quantity of 
water (a difiercnce of 17®o) dmumshes the cost 
of transport. The prismatic variety is, how • 
ever, generally preferred, probably' because it is 
cheaper weight for ivcight. 

Borax effloresces, so that the B.P. standard 
demands that the salt should not contain less 
than or more than the equivalent of 103% 
of Na^BgO-.IOHiO. Limit tests are apecifi^ 
for As, Pb, Cl, SOj, and Fe In medicine it 
is used for lotions and hair wa^lie*. Powdered 
borax is used as an insecticide 

Borax and boric acid are applied in the 
manufacturing industries as follows : 

Atrajiiee — Boron carbide .md silicon 

boride. 

AdAesiieanficI DtsUmptrs — Borav as a sohent 
in the preparation of casein glue*, distemper", 

etc. 

Brick omi Tile Halers — Glazed surfaces. 

t'awlle Val'ers . — PrejMiatiOJi of wicks. 
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Cement. — Jlaking the finest kinds, which take 
a polish. 

China and Earthenware. — ^In preparing frit 
used for the glazing of pottery of all descriptions. 

Colour Mahers. — ^In preparing Guignet’s green 
and manganese borate. 

Coppersmiths. — ^In brazing. 

Electroplating. — ^Addition of boric acid to the 
bath for Ni, Cr, Zn and Sn plating, sodium 
perborate in Sn plating. 

Enamelled Iron. — ^In enamelled coatings to 
cast and wrought iron. 

Glass. — Borosilicate heat-resisting, chemically, 
resistant and optical glasses ; also as a flux in 
the production of ordinary blown, pressed or 
drawn glass ware. 

Hat Mahers. — Dissolving shellac in borax 
eolation to prepare a stiffener. 

Jexoellers. — As a flux in soldering. 

Laundry. — Borax in starch-glaze ; sodium 
perborate in washing powders. 

Manufacturing Chemistry . — ^Boric acid addition 
to the sulphuric acid for sulphonation and for 
washing crude benzol. 

MeMlurgy. — Very hard alloys containing 
boron. Deoxidising copper with calcium boride. 

Paper Making. — In coated paper or board. 

Preservatives. — Permitted use of borax and 
boric acid in some countries but not in Great 
Britain. 

Safe Mahers. — Lining for safes to resist fire. 

Tanning. — Soaking and de-liming hides, and in 
leather-dressing. 

Textiles. — ^Bleaching, mordanting, fireproofing. 

Sodium Melahoraie. — The metaborate of com- 
merce is NaBOj.AHjO, which tends to 
become covered with a white powder when 
exposed to the air. On heating in an enclosed 
space it melts in its crystal water at 53'5°C. 
At higher temperatures it loses all its water, the 
anhydrous salt melting at 965'C. It is soluble 
to the extent of 33-5 parts per 100 parts of water 
at 19°C. The density of aqueous solutions of 
sodium metaborate is, according to Interna- 
tional Critical Tables, 3, 86, as follows : 


Wt. % of 
NaBOj 

d'i" 

1 

1-0089 

2 

1-0198 

4 

1-0417 

6 

1-0640 

8 

1-0866 

10 

1-1095 

12 

1-1327 


The solubility in water increases rapidly with 
the temperature. 


Temperature 

■’C. 

Solubility 
per cent. 

32-2 

53-5 

37-7 

59 

43-3 

! 63-5 

48-8 

73 

54-4 

i 



A method of preparing the salt in large 
crystals is given by Menzel, Z. anorg. Chem. 
1927, 166, 68. It is used in the following 
industries : (1) photography, for production of 
fine-grain developers ; (2) adhesives, as a 

solvent for casein ; (3) cosmetics, for prepara- 
tion of bath salts. 

Perborates are salts of the acid HBO3 or 


HOB 


\f 


which has not been prepared in the 


free state on account of its instability. The 
alkali and alkaline earth salts are soluble in water 
and have an alkaline reaetion. They behave in 
solution like mixtures of borates with hydrogen 
peroxide ; the active oxygen being liberated by 
heat, by acidifying the solution or by large 
dilution. Oxydases, reductases and man- 
ganese dioxide cause them to give up the whole 
of their reactive oxygen. They convert chromic 
acid into perchromic acid and molybdates into 
yellow permolybdates. They readily oxidise 
protoxides and their salts into higher oxides, 
but do not always form perborates. Ferrous, 
mercurous, manganous and lead salts yield 
higher oxides ; the salts of other metals yield 
perborates of an indefinite or basic composi- 
tion. Perborates of the alkali metals may be 
obtained by careful precipitation of solutions 
of alkali borates with alcohol in the presence of 
hydrogen pero.vide. 

Ammonium perborate, NH^BOs.^HjO (Tana- 
tar, Z. physikal. Chem. 1898, 26, 133), is the 
best characterised of the several perborates 
resulting from the action of ammonia and 
hydrogen peroxide on ammonium borate. It 
contains 16-34-16'41% of active oxygen. 

Potassium perborate, KBO^.^H^O, is obtained 
by the action of hydrogen peroxide on potassium 
borate. 

Sodium perborate, NaB03,4H20. When 
248 g. of boric acid are Juixcd with 78 g. of 
sodium peroxide and added gradually to 2 litres 
of cold water, a clear solution is formed from 
which a crystalline substance separates out in 
90% yield. This substance, w'bich has the 
composition Na^BjO^jlOHgO, is called per- 
horax, and is soluble in water to the extent of 
42 g. per litre at 11°. When one-balf of its 
sodium is displaced by addition of hydrochloric 
acid to the solution, a crystalline sodium per- 
borate is precipicated. This is a stable substance, 
containing 10-38% active oxygen, and can be 
preserved indefinitely at ordinary temperatures. 
It dissolves readily ivith sh'ght decomposition in 
water at 50°-60'’, and a vigorous ebullition of 
oxygen takes place at 100°. The solubility of 
sodium perborate in water was determined 
by Jaubert (Rev. gen. Chim. pure appl. 
1905, [vii], 8, 163 ; Chem. Zentr. 1905, ii, 99) ; 
expressed asg. NaB0s,4H„0 per litre of water, 
the figures are : 15°, 25-5 g."; 21°, 26-9 g. ; 26°, 
23-5 g. ; 32°, 37-8 g. The cold aqueous solution 
possesses all the properties of hj-drogen peroxide. 
When powdered sodium perborate is added 
gradually to its equivalent of 50% sulphuric 
acid, and the solution filtered through gun- 
cotton, a very strong (150-200 vols.) solution of 
1 hydrogen peroxide is obtained. With cold con- 
centrated sulphuric acid the mixture decom-- 
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poses, evolTing oxygen containing ozone (Dubois, 
Compt. rend. 1905, 140, 506). 

Sodium perborate is largely used as au 
ingi^icnt of washing powders, in which it acts 
as a bleaching agent and detergent. It baa also 
found appLcation in deodorants, dentifnces and 
antiseptics. The method of manufacture is 
either one depending on the employment of 
hydrc^en peroxide, or it is electrolytic. Accord 
mg to the first method, a mixture of borax and 
crystallised sodium carbonate is treated with 
hydrogen peroxide when carbon dioxide is 
erolv^ and sodium perborate separates m 
coarse crystals (G P. 237608) The numerous 
British patents claiming electrolytic methods 
include 100152, 100153, 101C20, 102089, 102359. 
lOWCO, all of 1916. K Ardat (2 Electrocbcm. 
1916, 22, 63 ; 1922, 28, 263) employed a 
tub^ar tin cathode coaled by a current of water 
and a platinum gauze anode in a bath containing 
120 g sodium carbonate and 30 g. borax per 
litre, with additions of 0 5 g. sodium chromate 
and 1 drop of Turkey red oil The bath 
temperature was 24“-16°and the current densrty 
10-20 amperes per sq. dem A mixture of 
borax, sodium carbonate and sodium bicarbonate 
IS added at intervals to reduce the proportion 
of caustic alkah formed in the bath. Per 
carbonate is the pnmary product of the electro- 
lysis and thia reacts with the borax forming 
perborate. 

The percentage of active oxygen m sodium 
perborate u determined by titrating its solution 
is diluto anlphune and with 0 1 A'-potassium 
permanganate. The commercial salt contains 
from 9 5-10% active oxygen. 

The constitution of the alkali perborates is 
dinnted, Eretuchmar (Z. anorg Chem. 1934, 
219, 17) and filenzel (ihtd., idem. 37) consider 
these salts to be substitution compounds of 
bydre^en peroxide. Krauss and Oettocr (tbid. 
1934, 218, 21) regard them as addition com- 
pounds and write the formula of sodium per- 
borate, Na,B,O4,2Hj0,6H,O. 

Detectios asd EsTatATto> or Bobos. 

Boron almost always occurs in the form of 
borates. IVhen bone acid is in the free state 
nt COT reacdiy" 6e recognisea' i>y ffle green colour 
which it gives to the flame, and by its action 
upon turmenc. 

Turmeric paper, when moistened with a solu. 
tion of boric acid and dried, acquires a cherry-red 
colour which la not altered by dilute hydrocfalonc 
acid and is changed to bloish-black by a drop 
of sodium carbonate solution. The use of a 
\isco«o Bilk thread soaked in turmeric solution 
and dried, instead of paper, is an improTement 
(Chamot and Cole, Ind. Eng. Chem. 1918, 10, 
48). Cassal and ^rrans (Chem. Jfews, 1903, 
87, 27) find that the sensitiveness is greatly in- 
creased if the paper is first moistened with 
C% oxahe acid solution, and base a colon 
metno method of estimation of bone acid on 
this method. Tanaaaer and Kulska (Ukrain. 
Chem. J. 1934, 9, 1) state that 0 001 mg. boron 
may be detected by this test (c/. Bertrand and 
.Agulhon, Compt. rend. 1913, 157, 1433). The 
turmenc reaction is discussed with many' 
references in Rudisuli, " Nachweis, Bestimmung 


ondTrennung der chemischen Elemente,” 1923, 
vi, 1, 1. To detect 0 001 mg. of boric acid per 
c c , the paper should be dried at the ordinary 
temperature ^Low, J. Amer. Chem. Soc. 1906,28, 
8U7). 

The green colour imparted to flame is a rery 
delicate test for boron. It is, however, to be 
noted that salts of copper, barium and thalLum 
also give a green coloration to the flame. When 
the bone acid is combined with a base the corn- 
pound m the state of powder is decomposed by 
means of sulpbimc acid, and the boric acid 
extracted by distilling with methyl alcohol, 
the teat being applied to the distillate. Com- 
pounds not decomposed by sulphuric acid are 
fused with potash and digested with methyl 
aJcohol and sulphuric acid. 

A mixture of borax and methyl alcohol yields 
a green coloured flame if ignited, but with ethyl 
alcohol the presence of a mmeral acid is 
neceasarj’, 5% of methyl alcohol in ethyl 
alcohol may be detected by this means ( Pieszczek, 
Pbarm. Ztg. 1913, 58, 850). Accordmg to Stahl 
(Z. anal. Chem. 1931, 83. 340 ,- 1935, iOl, 342) 
the optimum mixture is sulphuric acid 3 c.c., 
methyl alcohol 15 c.c. The substance to be 
tested IS mued with 0 5 c c. of the freshly 
prepared mixture and allowed to stand m Rosen- 
bladt’s apparatus (i6uf. 1887, 27, 19) for 15 
minutes. The tube is then held for 30 seconds 
m & waterhatb at 65” and a current of air 

S assed through it mto a non-Iummous flat gas 
ame 05-1 cm. high. If the test is made in 
semi darkness 0 00076 mg. boron may be 
detected. In its quantitative form equal 
eurrents of air are passed simultaneously 
through the unknown and a standard bona 
acid solution into non-IumiDOos flames of porce- 
lain micro burners Tbe concentration of the 
standard solution is varied until it gives the 
same mtensity of flame coloration (Stahl, 
«6id. 83. 268 , 1935, 101, 348). Glass and other 
msoloble substances are fused with sodium 
carbonate, followed by solution In hydrochloric 
acid, addition of methyl alcohol, boiling, and 
placing wet turmeric paper in the vapour 
(Tananaev and Kulska, l.e.). 

SpoC 2'tsi Jot Bone Aetd — The reagent is 
P nitrofienzeneazocfiromofropib aciif (Chromo- 
trope 2B), by means of which 0 00008 mg. B in 
1 • 600,000 dilution can be detected. Special 
precautions must be taken if oxidising anions or 
tiuondes are present (Komarovsky and Poluek 
tov, Mikiocbem. 1934, 14, 317). F. Hahn 
(Compt. rend. 1933,197. 762) neutralises the test 
solution to the green colour of bromothymol 
blue, neutral maniutol is then added to one half 
of tbe solution, and drops from each half arc 
compared on a white tile. A yellowish gi-ecn 
colour of the test solution is visible if the 
boron present exceeds 0 00002 mg. per c.c. 

The ffravimetne estimation of boron is difficult 
aa there are no borates forming sufficiently 
insoluble precipitates of definite composition. 
The most reliable method is due to Gooch. 
If the boron is not present as boric acid, it is 
brought into that state by heating tbe sample 
with 20% or concentrated nitric acid, depending 
on the violence of the reaction, or if necessary the 
eubstance is heated with mine acid for some 
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hours in a sealed tube. The resulting solution 
is repeatedly distilled -B-ith methyl alcohol, the 
borie acid passing over in the vapour. The 
distillate is then treated with an exactly weighed 
excess of pure Ume, transferred to a platinum 
crucible, evaporated to dryness on the water 
bath and strongly heated. The increase in 
weight represents the boric anhydride (Moisaan, 
Compt. rend. 1893, 116, 1087). 

The volumetric method is now generally used. 
It depends upon the fact that boric acid has no 
action on methyl orange but may be accurately 
titrated with caustic alkali, using phenol 
phthalein as indicator, provided the titrated 
solution contains a sufficiently large amount of 
glycerol — about one-half of its volume (Thomson, 
J.S.C.1. 1894, 13, 432) or mannitol — 10 g. per 100 
c.c. (Foote, Ind. Eng. Chem. [Anal.], 1932, 4, 38; 
Andrieux, Ann. Chim. 1929, [x], 12, 432). The 
first step in the process is to obtain the boron in 
the form of boric acid or of a borate soluble in 
sulphuric acid. The whole of the boric acid 
present may then be distilled off by repeated 
distillations with methyl alcohol in presence of 
sulphuric acid. Excess of sodium hydroxide is 
added to the distillate, which is evaporated to 
dryness, and the residue dissolved in water. 
An excess of hydrochloric acid is then added and 
the liquid boiled under reflux to expel carbon 
dioxide. The excess of hydrochloric acid may 
be removed either by adding a solution of potas- 
sium iodide and potassium iodate and the lib- 
erated iodine being converted into iodide with 
O'lA^-thiosulphate ; or by neutralising directly 
to methyl orange; mannitol or glycerol, of 
known neutral reaction, is then added in the 
quantities already indicated, and the solution 
titrated with 0-lA^-sodium hydroxide in presence 
of phenol phthalein. The alkali must be free 
from carbonate. The method in use in the 
Government laborato^ is described in Analyst, 
1923, 48, 41G, and an alternative method, in 
presence of phosphoric acid, was devised by 
Monier-Williaras {ibid., idem. 413). The whole of 
the combined base in the borates of the alltalis 
and alkaline earths may be titrated with 
standard hydrochloric acid in the presence of 
methyl orange. Chemical glassware may con- 
tain boron, and the amount of contamination 
from this source is of importance in delicate 
work, e.g. biochemical effects of boron. 

Reaction between Boric Acid and Sugars . — 
F. J. Berenstein (Biochem. Z. 1929, 215, 344) 
observed that when boric acid and Isevulose 
are mixed, hydrogen ions are liberated. Whereas 
in the titration of boric acid with sodium 
hydroxide using phenol phthalein as indicator 
only 10% of the acid is neutralised at the colour 
change, in the presence of sufficient galactose, 
40%, of dextrose and lactose, 25%, but of 
lasvulose (as with mannitol and glycerol), 100% 
of the acid is neutralised (c/. Hermans, Z. 
anorg. Chem. 1925, 142, 83). J. N. G. 

BORONATROCALCITE. Anearlynamc 
(G. L. Ulex, 1849) for the mineral ulexite, a 
hydrated borate of sodium and calcium, 

NaCaBBOo.SHaO 

Most of the natural borates exported from South 
America (Chile, Bolivia, and Argentina) are of 
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this species ; it is also abundant in the borate 
deposits of California and Nevada. L. J. S. 

BOROVERTIN. Trade name for hexa- 
methylenetetramine borate, 

CjH^gN4( 113803)3, 

a white powder, prescribed as a urinarj' anti- 
septic. 

BORSALYL. Trade name for sodium boro- 
salicylate. ' 

BORT (BOART) v. Abrasives. 

BORYL. Ti'ade name for ethyl borosali- 
cylate. Prepared by boiling together solutions 
of borie acid and salicylic acid and esterif3'ing 
by the addition of alcohol and sulphuric acid. 
Needle-shaped crystals. Used in medicine as a 
substitute for ethyl salicylate (Monteil, J.S.C.I. 
1908, 27, 354). 

“ BOS A ”, a fermented beverage made from 
millet. 

BOSCH. An inferior butter prepared in 
Holland. The term is sometimes used as 
synonymous with margarine. 

BOSTONITE. A trade name formerly in 
use for the Canadian serpentine-asbestos {v. 
Asbestos). L. J. S. 

BOSWELLINIC ACID, This dicar- 
boxyhc acid, C32H5204 (?), m.p. 150°-151°, 
obtained from ohbanum, is in all probability a 
hydropicene triterpene sinee it gives sapotalin 
(l:2:7-trimethylnaphthalene) on selenium 
dehydrogenation (Beaucourt, Monatsh. 1929, 
53-54,897 ; 1930,55, 185 ; Ruzicka, Brungger, 
Egli, Ehmann, Furter and- Hosli, Helv. Chim. 
Acta, 1032, 15, 431). F. S. S. 

BOTANY BAY GUM v. Balsams, 
Xanthorrhcea. 

BOTRYOLITE V. Calcium, SiKooborate. 

BOTTLE-NOSE OIL (ARCTIC 
SPERM OIL) is the oil — or, more strictly, 
the liquid wax — obtained from the head- cavity 
and blubber of the bottle-nose whales Hyperoodon 
roslralus and //. diodon {bidens) ; it closely 
resembles sperm oil but on account of its 
greater tendencj' to “ gum ” commands a lower 
price than sperm oil (r/. Dunlop, J.S.C.I. 1908, 
27, 63 ; Tsujimoto, J. Soc. Chem. Ind. Japan, 
1923, 26, 209 (27 Supp.) ; Chem. UmscHau, 1925, 
32, 127). E. L. 

BOUILLON NOIR. A mixture of ferrous 
and ferric acetates employed as a mordant. 

BOULANGERITE. a sulphantimonite, 
5PbS,Sb3S3. . 

BOURNONITE. Sulphantimonite of 
copper and lead CuPbSbSj, crystallising as 
tabular orthorhombic crystals ; these are 
frequently twinned and show re-entrant angles 
at the edges, hence the names “ cogwheel-ore ” 
and “ -wheel-ore.” It is found in Cormvall, Harz, 
Bolivia, etc. It sometimes occurs in sufficient 
abundance to be used as an ore of copper and 
lead. L. J. ,S. 

_BOVEY COAL. A lignite or brown coal 
with a slaty cleavage. 

BOWL METAL r. Ajjtluonv. 

BRAGA. An alcoholic beverage with ;i 
somewhat sweet taste, used in Roumania and 
prepared by the fermentation of millet. The seed 
is boiled with about twelve times its weight of 
water for 14 hours, the resulting viscous* mass 
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BRAGA 


cooled, stirred vnth water and allowed loferment. 
The Lqmd is filtered and ini\ed with water to 
reduce the alcoholic strength to about 1'3% by 
weieht, equivalent to 2 6% of proof spint. 

F G. H. T. 

BRACGITE. (Pt,Pd,Ni)S, contauung 
about 20% Pd and 5% Ni. This mineral waa 
isolated as minute grama from the concentrates 
of the platinum bearing nonte of the Bushveld, 
Transvaal, and being the first new mmeral to 
be discovered by X ray methods it was named 
after Sir William H Bragg and W L. Bragg. 
The crystals are tetragonal with umt-cell 
dimensions a 0 37A, c 6 58A CJ. coopente 
(F. A Bannister, Mm Mag. 1932, 23, 198) 

L. J. S. 

BRAIN LIPOIO. Impure Cephabn. An 
extract of ox hram used for accelerating the 
coagulation of blood. 

BRAN. The name given to the coaraer 
fragments, consistmg mainly of the outer 
layers of the eeed coat, which are produced 
durmg the grmdmg or m illin g of cereal or other 


seeds. When the terra is used without any 
desmptive adjective, the product from wheat is 
nsually understood, hut maize (com), millet, 
barley, oats, buckwheat, rye, nee, and even 
peas and earth nuts yield products which are 
described as “ bran ” In the following dis- 
cussion most attention is devoted to wheat bran, 
since this la the most important bran in Great 
Britain. 

A very complete account of the microscopic 
stmeture of the various cereals and nuts is to 
be found in A. L. and K. B. Winton’s “ The 
Structure and Composition of Foods,” Vol. I 
(John Wfley and Sons, New York, 1932). 
Bran is mainly derived from the pericarp and 
seedcoat, together with some adhering endo- 
sperm, and a smaller or larger content of germ, 
depeodmg upon the efficiency of the millmg 
process ; in addition, the aleurone layer also 
remains with the bran after milling. 

Table 1 supplies data as to the embryo, 
endosperm, and bran contents of the wheat 
gram. 


Table 1. 


1 Beference | 

Type of ^tlieat. 

Endosperm | 

Embryo 

Bran [ 

Fleurent, Cotnpt. rend 1896, 123, 327 (Bailey, 
“The Chemistry of WTieat Flour,” p. 123, 

1 N.Y Chem. Cat. Co . 1925). 

Russian 

Algerian 

Canadian 

% 

84 95 

84 99 1 

84-94 

2-00 
1-60 1 
2 05 

1^05 

13 51 

13 01 

1 Girard, “ Le Froment et Sa Mouture,” p. 28, 

1 Gauthier-Vdlars, 1903 

Australian 

Polah 

French 

83 82 
84-17 
/85 08 
\85-37 1 

1'41 
1-38 
1-48 
1-57 1 

14 77 
14-45 

13 44 
1326 

Bmire, J. Pharm Chim 1931,14,5 

Not stated | 

63 j 

1.4 1 

15 6 


The thickness of the hull of the gram vanes 
considerably, even within one and the same 
variety (Hopf, JIuhlenlab. 1935, 72, 69) 

According to Terra (Mohs and Bruckner; 
VoL I of Hogmann-Mohs ; “ Daa Getreide- 
kom,” Paul Parey, Berlin, 2nd ed., 1931, 
pp. 237-238), however, the thickness of the hull, 
including the aleurone layer, amounts in the 
case of wheat to \lO-\20ii, and in rye to 95- 
lOOp. 

Accordmg to Hopf (Le.) and Mohs and 
Bruckner {le) there is as yet no practicable 
method for the accurate determination of 
the bran content of grain, but the followin'^ 
methods have recently been desenbed : Schmori 
(Pflanzenbau, 1933, $, 313) describes the 
** Support ” apparatus for washing out the other 
constituents of the grain; Hopf (I c.) suggests 
two methods which yield approximate results ; 
(I) based on determination of the ash content, 
and (2) by washing out the bran snips from 
an aqueous suspension of finely ground meal; 
Lowig (Z. ges. Gctreide., Muhlen.- u. Backe- 
Miw. 1935, 22. 31) suggests efiecting the dis- 
integration and dissolution of the contents of 
the grain by germination, the products being 
separated by squeezing and washing overasieve. 

Lack of space precludes a description of the 
flour milJiDg process from which bran is obtauied 


as a by-product. The reader is referred to 
P. A. Amos’s “ Ifrocesses of Flour Manu- 
facture '• (Longmans, Green & Co., London, 
And ed., 1925) for a desniption of the English 
system, and to W. H. Strowd’s “ Commercial 
Feeds ” (National Miller, Chicago, 2nd ed , 
1925) for a bnef outline of flour milling in 
relation to the production of bran m the U S. 
An accouat'of the mill ing of buckwheat is to 
be found in “ Buckwheat Milling and its By- 
Products " (M. R. Coe, U.S. Dept. Agnc. 1931, 
Circ. 190), and of rice milling in “The By- 
Products of Rice ildling ” (J. B. Reed, U.S. Dept. 
Agnc. 1917, Bull. 570). 

Below are given some references to literature 
on the milling of other cereals: Oats — Lasser, 
Muhlenlab. 1932, 69, 905, 927 and 961 ; Mflling, 

1933, 80, 340 ; Ager, Nat. Amer. Miller, 1932, 
60 (10). 16; Millin g, 1932, 79, 458; Bruckner 
and Dietz, Z. ges. Getreide-, Muhlen - u. Backe- 
reiw. 1932, 19, 59, 76; Milling, 1934, 82, 594. 
Barley — Millin g, 1934, 83, 240. Bye — MilLng, 

1934, 83, 10 ; Brown. Nat. Miller, 1925, 30 (12), 
31. 

Bnef accounts of the manufacture, packing, 
handling, storage and loading of bran, with a 
view to ensuring its keeping qualities, are to be 
found in the Bull. Assoc. Oper. ilillcrs, 1925, 
ipp. 1S4 and 167, and 1932, p. 453, and in The 
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.'Miller, 1925, 50, 940. I’liere are very few data 
in chemical or milling literature concerning the 
spoiling of bran, but it is usually assumed that 
the heating of bran occurs in three stages. 
In the first place the respiration of the cells of 
damp bran leads to a rise in temperature 
sufficient to allow micro-organisms to develop. 
Their activity raises the temperature to about 
70°C., at which point the absorption of oxygen 
would proceed at a greatly increased rate, 
sufficient to bring the temperature up to 150°C., 
when the bran would ignite spontaneously. 
Maurizio in his “ Nahrungsmittel aus Getreide,” 
Vol. I, p. 224 (Berlin : Paul Parey, 2nd ed., 
1924) supplies such an explanation, and also 
discusses other aspects of the problem (see 
also Thaysen and Galloway “ The Microbiology 
of Starch and Sugars,” Oxford Tfniv. Press, 
1930, p. 196; Chitty, Milling, 1934, 83, 214; 
Hofimann, Woch. Brau, 1897, Nos. 35-37 ; Z. 
physikal. Chem. 1898, 25 ; Z. angew. Chem. 
1902, No. 33 ; 'Versuchs-Kornhaus, Berlin, 1904, 
p. 212, etc. ; Marienhagen, “ Selbsterwarmung,” 
p. 254). 

Marchardier and Goujon (Ann. Palsif. 1914, 7 , 
77) investigated the increase in the acidity of 
bran on spoilage ; a normal bran contains less 
than 0'15% of acid, calculated as sulphuric acid. 
If 0'15-0'3% be present, the feed, while 
probably not dangerous, is undergoing decom- 
position, and aU samples containing more than 
0-3% should he condemned as unfit for food. 

Varga (Arch. Chem. Mikros. 6, 342 ; Amer. 
Chem. Abs. 1914, 8, 380) describes a method of 
estimating mould spores in bran. 

Some methods of treating bran to prevent 
deterioration are suggested in the article in 
The Miller, 1925, 50, 946. Klug (Miihlenlab. 
1933, 70, 699) suggests briquetting the bran 
as a means of reducing (by 60%) the risk of 
decomposition- during 'storage. ■ vQther methods 
of preservation are dealt with in Schifi-Giorgini 
(B.P. 205466) ; lA'^oodlands, Ltd., Kent-Jones, 
and Amos (B.P. 378518) ; Legendre (B.P. 
310980), Recherches et Inventions, 1927, No. 
160, 445 ; 1929, 10, 69 ; Compt. rend. 1927, 
185, 1156; and “ Les Cereales ” : Armand 
Colin, Paris,. 1935. An article by West and Cruz 
(Philippine J. Sci. 1933, 52, 1) deals with the 
preservation of rice bran. 

The analytical methods used for the examina- 
tion of bran are in general the same as those 
used for the analysis of feeding stuffs. Since 
even a brief outline of such methods would 
occupy too much space, the reader is referred 
to the following standard publications on these 
subjects ; “ Cereal Laboratory Methods ” 

(Amer. Assoc. Cereal Chemists, Omaha, 
Nebraska, 3rd ed., 1935) ; “ Official and Tenta- 
tive Methods of Analysis of the Association of 
Official Agricultural Chemists ” (Washington 
O.C., 3id ed., 1931) ; the various volumes of the 
J. Assoc. Off. Agric. Chem. ; The Fertilisers and 
Feeding Stuffs Act Regulations. 

The following is a list of articles dealing with 
the analysis of milling products : 

(a) General. — Coleman, Cereal Chem. 1927, 4, 
311; idl'd. 1928, 5, 269; Konig, Z. Unters. 
Lebensm. 1930, 59, 564 ; Hertwig, J. Assoc. Off. 
Agric. Chem. 1923, 7, 68 ; Hertwig and Palmore, 


ibid. 1923, 7, 170. (5) AduKerat'ion.—See dis- 
cussion on “ Adulteration,” below, (c) Ash. — 
Nuret, “ Les Matieres Minerales : Les Cendres,” 
fitudes sur la Meunerie (ficole Fran^aise de 
Meunerie Paris, 1932, p. 27ff.) ; Otterstrom, 
Suomen Kem. 1934, 7, 76 ; (1934, B. 904) ; 
Simon, “ The Physical Science of Flour Milling ” 
(Liverpool ; The Northern Publishing Co. 1930, 
pp. 125 and 219) ; (phosphoric acid) Lepper, 
Landw. Versuchs-Stat. 1930, 111, 159. (d) 

Fibre. — Bidwell and Bopst, J. Assoc. Off. 
Agric. Chem. 1921, 5, 58 ; Fisher and Carter, 
J.S.C.I. 1934, 53, 313T ; Forbes and Men- 
sching, Ind. Eng. Chem. 1913, 5, 258 ; Francis, 
J. Assoc. Off. Agric. Chem. 1920, 4, 39 ; Fraps, 
ibid. 1923, 6, 333 ; Haigh, ibid. 1921, 4, 336 ; 
Hanson, ibid. 1924, 7, 335 ; Korfhage, Jlinn. 
State Dairy and Food Comm., Div. Feed 
Insp. Ann. Rpt., 1922, 4, 32; Lepper, Chem.- 
Ztg. 1926, 50, 211 ; Scharrer and Kiirschner, 
Bied. Zentr. 1931, B, 3, 302. (e) Lignin. — 
Phillips, J. Assoc. Off. Agric. Chem. 1934, 17, 
277. if) Moisture. — Bopst et al., ibid. 1925, 8, 
354; BunzeU, Cereal Chem. 1935, 12, 54; 
Clarke, J. Assoc. Off. Agric. Chem. 1920, 4, 48 ; 
Coleman and Dixon, Cereal Chem. 1926, 3, 
419 ; Darkis, J. Assoc. Off. Agric. Chem. 1927, 
10, 178 ; Durham, Nat. Amer. Miller, 1934, 
62, (5), 59 ; Edlefsen, Agric. Eng. 1933, 14, 243 ; 
Grattan, J. Assoc. Off. Agric. Chem, 1934, 17, 
178; Fisher and Thomlinson, J.S.C.I. 1932, 
51, 355T : Haltmeier, Jliihlenlab. 1934, 71, 1299 ; 
Swanson, N. W. Miller, 1934, 180, 12 (Oct. 10) ; 
Weber, Wochbl. Papierfabr. 1925, 56, 357. 
(g) Nitrogen. — Jones, U.S. Dept. Agric. 1931, 
Circ. 183; Markley and Hann, J. Assoc. Off. 
Agric. Chem. 1925, 8, 455; Sandstedt, Cereal 
Chem. 1932, 9, 156. [h) Sand. — Lepper, Landw. 
Versuchs-Stat. 1930, 110, 305 ; Riib, Chem.- 
Ztg. 1931, 55, 221. (i) Starch. — Alpers and 
Ziegenspeck, Z. Nahr. Genussm. 1923, 45, 163 ; 
Fraps, J. Assoc. Off. Agric. Chem. 1932, 15, 
304; Hopkins, Canad. J. Res. 1934, 11, 751; 
Scheele and Svensson, Tekn. Tidskr. Kemi, 
58, 57 and 75 (Z. Enters. Lebensm. 1932, 63, 
343). (j) Fat. — Herd and Amos, Cereal Chem. 
1930, 7, 251. 

The analyses of bran vary within wide limits. 
Some of the factors which contribute towards 
these variations are (1) the kind of wheat used ; 
(2) the climatic conditions under which the 
wheat is grown ; (3) the milling process used ; (4) 
the composition of the grist ; (5) the percentage 
of screenings incorporated ; (6) the percentage 
of flour extracted ; (7) the analytical method 
used (c/. Fisher and Carter, l.c. ; Shaw, Milling, 
1933, 81, 394 and 396 ; Strowd, l.c.). 

Since milling processes vary in different 
countries, the brans from these countries are 
not strictly comparable. Some analyses are 
given in Table 2. 

Isaachsen and Ulvesli, 36th Rpt. Inst. Animal 
Nutrit., Roy. Agrjc. Coll. Norway, 1933, 675 
(Nutrit., Abs., 1933, 3, Abs. 1418) pubh'shed 
analyses referring to Norway, and Bazilev- 
skaya, Jaroslav Zootechn. Expt. Stat., Work for 
1926, 1927, 107 (Amer. Chem. Abs. 1928, 22, 998) 
figures for Russian-milled bran. 

In articles by Fisher and Carter (l.c.), and 
Fisher and Shaw (J. Min. Agric. 1934, 41, 255), 
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Table 2. 


Count rj 

Kcfercncc 

Mois- 

ture 

Ash 

Protein 

rat 

Crude 

Fibre 

N.free 

ext. 

Starch. 

Feuto- 


Jacobs and Bask, Ind 

% 

% 

"" 

*0 

% 

% 

% 

% 


Eng Chem. 1920, 12, 

1300 

C45 

16 49 

3 58 



9 07 

22 72 


Jacobs and Rask (cited 










by Kent'Jones, 










"Modern Cereal 










Chemiatry,” p. 219, 










Liverpool, 1927). 

b79 

6 38 

(N= 

2 33) 

4 06 

10 84 



25 07 


Teller, 8th Int Cong 









Appl Chem. 1912, 13, 
277 (cited by Wmton, 







163 

23 73 


P 211) 

11 80 

500 


3 80 






(true) 







Snjder. 'U S. Dept Agi 










Off Exp. Sta 1901, 
Bull. 101 (cited by 










Wmton, p 212) 

9 09 

COC 

14 02 
(Nx57) 

4 39 





England 

Kent Jones, p 200. 
Woodman, J Jlin. 

16 50 

613 

12*89 

2 04 






Agr 1923, SO, 693. 
Smetham and Dodd 


6 61 

16 38 

5-30 

10 87 





(Eoy. Lane. Agric. 
Soc , Milbng, 1933, 
80. 232) 

11 46 

4 25 

16 46 

4 33 

0 50 




Franee 

Alquier, Ann fidstf 
1927, 20, 44o 

Brutre, j Pharni Chim 

14 02 

C84 

1.6 162 

3 260 



13 200 

30 00 



1031,14.6 

12 

» 

16 

* 


.66 



Germany * 

Kalning and Schlciraer, 









Z GetieidcM 1913, 
5, 199ff. (cited by 
Neumann in “ Brot 
getreide u Brot 


(5 82* 

(18 30* 

(5 38 * 

(9 87 * 

(CO-75* 

)15 C5* 

22 52' 





p 230, Paul Parey, 
Berlin, 1929) 


\7 69 

117 39 

1516 

hi eo 

hS 54 

) 8-74 

Iso 49 

Hungary 

"W^eiser, KiserUt Koz 









lem, 14, 681 (Chem. 

(13* 

♦ 6 9S> 

)15 3* 

j45* 

j9 45 * 

,51-77 




Abs 1912, 6, 2363). 

il3 

)6 78 

115 3 

l3C 

*891 

'52-21 



Canada 

Shutt and Hamilton, 










Canad. Dept. Agr. 



15 0 

3 5 

11-5 





1922, Bull. 2, New 
Ser. 



(m,„) 


(max 




Australia 

Jewell, J. Dept. Agrio. 










■Victoria, 1934, 32, 


3 55- 

12 44- 







212 (Pji Q. samples 
for 1929-34). 


4 67 

16 57 






New Zealand 

Foster, N.Z. J. Agnc. 










1924, 28, 315. 

11 04 

548 

(N= 

2*14) 


11-41 





N.Z. J. Agnc. 1927, 35, 









19. 

12*11 

500 

13 56 

3 70 

10 08 





' 'Whore 2 sets of figures ate bracketed together, the first row refers to floe, and the second to coarse bran. 
* See a!sa Mach and Hermann, Landw Vcrsuchs -Stat. 1934, 119, 11 
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a review is given of investigations into the fibre 
content of British -wheatfeeds carried out by 
Wood and Adie, by Woodman and by the 
Research Assoc, of British Plour-Mihers in 
collaboration with the National Association of 
British and Irish Millers. It is pointed out that 
as far as the fibre content is concerned there is 
no difference between bran and broad bran, and 
that wheatfeed of a higher fibre content than 
7J% should be considered as bran. The 
highest fibre content found for bran was 
10-3%, which was below the average, 10*8%, 
found by the earlier workers. 


It was shown by Fisher and Carter that varia- 
tions in the composition of the grist and in 
percentage of screenings included are not 
dominant factors in the variability of the fibre 
content of wheatfeed (including bran) ; the 
dominant factors are the percentages of bran and 
flour extracted. 

R. Geoffroy (BuU. Soc. Chim. 1932, [iv] 51-52, 
1491) found that wheat bran contains 0'10% 
glucose-hfructose, and 5% suorose-blsevulo- 
sides. 

Values for the mineral content of wheat 
bran are given in Table 3. 


Table 3. 






Composition of Ash. 


Country. 

lleference. 

nn 






FcjOj 

MgO 

iqo 

P 2 O 5 

CaO 



% 

% 

‘Jo 

% 

O' 

/O 

% 

U.S.A. 

Sullivan and Near, Ind. Eng. 

Chem. 1927, 19, 499. 

Teller, Arkansas Agr. Exp. 

6-748 

0-200 

17-60 

26-04 

51-57 

2-40 


Sta. Bull. 42, 70 ; Winton, 
p. 240. 

5-25 

0-277 

14*76 

28-19 

52-81 

2-50 

Germany 

tiempwolf, Ann. Chem. Pharm. 







1869, 149, 343 ; cited by 

A5-24 


16-86 



2-78 


Neumann, ibid. p. 243, and 
by Nuret, l.c. 

B5-63 

0-44 

17-35 

30-14 

49-11 



Loew, Z. Getreidew. 1914, 6, 








32, 

5-50 


16-95 

27-88 


2-97 




Fe 

Mg 

K 

P 

Ca 

Germany 

Harding and Dysterheft, 








Cereal Chem. 1927, 4, 47. 

4-868 

0-113 

9-254 

— 

23-30 


U.S.A. 

SuUivan and Howe, Cereal 

HI 



nmn 


■■ 


Chem. 1929, 6, 398. 



10-08 

B 

22-76 

D 



■ 

As % of Bran. 



■ 

Fe 

Mg 

K 

P 

Ca 

U.S.A. 

Sherman, “ The Chemistry of 








Food and Nutrition,” 4th 








ed., 1933, p. 559 (Mac- 
millan & Co., New York). 

- 

0-0078 

0-511 

1-217 

1-215 

0-12 


Further data for some of the rarer minerals 
present in wheat bran will be found in : Bailey, 
“ The Chemistry of Wheat Flour,” p. 152 ; 
Bertrand and Benzon, Bull. Soc. hyg. aliment. 
1928, 16, 457 ; Compt. rend. 1928, .187, 1087; 
Compt. rend. Acad. Agric. France, 1928, 14, 
1303 ; Bull. Soc. chim. 1929, 45, 168 ; Bertrand 
and Levy, Bull. Soc. chim. 1931, [iv] 49, 1417 ; 
Bertrand and Slokragnatz, Compt. rend. 
1922, 175, 458 ; Bull. Soc. chim. 1930, [iv], 47, 
320; Bertrand and Rosenblatt, Compt. rend. 
1921, 173, 133 ; Bertrand and Silberstein, Ann. 
Agron. Nov.-Dee. 1933 (Int. Rev. Agric. 1934, 
25, 175T) ; Birckner, J. Biol. Chem. 1919, 28, 
191; Bruere, Compt. rend. 1934, 198, 504; 
Davidson, Cereal Chem. 1929, 6, 132; Demp- 
wolf, Ann. Chem. Pharm. 18'69, 149, 343; 


Elvehjem and Hart, J. Biol. Chem. 1929, 82, 
473; Jadin and Astruc, Compt. rend. 1914, 
159, 268; Javillier, Bull. Soc. chim. biol. 1930, 
12, 709 ; Lindow, Elvehjem and Peterson, J. 
Biol. Chem. 1929, 82, 465 ; Lindow and Peter- 
son, ibid. 1927, 75, 169 ; Loew, Z. Getreidew. 
1914, 6, 32; McClendon and Hathaway, J. 
Amer. Med. Assoc. 1924, 82, 1668 ; McHargue, 
J. Agric. Res. 1925, 30, 193; J. Amer. Soc. 
Agron. 1925, 17, 368 ; .Sherman, “ The Chemistry 
of Food and Nutrition ” (New York : MacMillan 
& Co., 4th ed., 1933), p. 559 ; Sullivan and Howe, 
Cereal Chem. 1929, 6, 398 ; Sullivan and Near, 
Ind. Eng. Chem. 1927, 19, 499 ; Teller, Arkansas 
Agr. Exp. Sta. Bull. 42, 70 ; Winton, p. 243. 

_ Table 4 gives analyses of rye, maize, oat, and 
rice brans. 
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Table 4 — Analyses of Rtz. Maize, Oat asd Bice Beaus. 


Cereal 

Eeference 

toe’ [ 

Protein. 

Fat. 

Fibre. 

N-free 

ext. 

Starch. 

Pento- 

eaoi 

Rye 

Wmton (p. 260) . 

U.S. 1878-1881 

1886 

1909 

11-59 

13-37 

9 38 

1-86 

1- 76 

2- 18 

% 

10 58 

12 03 

13 44 

1-66 

1-84 

1-83 

1-67 

1-36 

2 30 

72 64 

60 64 

80 24 

% 


Wmton (p 2G0) . 

Germany 

Neumann (p 238) 

13 37 

209 

483 

11-17 

17-58 

1-63 

3 62 

2 62 

69-12 

20 49 

22 59 

Slaize 

Wmton (p 80): 
white 
yellow 

Conaolam (11 Coltiva 
tore, 68, No. 1, 10 , 
Chem Ahs. 1921, 
15, 3154) 

10-13 
10 37 

13 20 

2-16 

2-70 

580 

8 43 
906 

14-10 

671 

11-00 

3-70 

9-72 

0 68 

62 85 
57-19 

66 00 



Oats 

JImer (Wmton, 

p. 168) 

650 

260 

19 30 

7 10 

460 

59 90 



j Rice 

Wise and Broomell, 
(U 8. Dept. Agnc. 
1916, BulL 330: 
Wmton, p. 138) t 
Hocdnru 

Japan 

9 61 

9 39 

1058 

11-33 

13 41 
1281 

10 65 
1513 

11-70 
12 54 



995 

11-40 

i 

diah (Trop. Agri- 
cultorut, Ceylon, 
1928, 70, 195; 
Chem. Abs. 1929, 
23, 1962 T) : 

Ceylon 

12-51 

11-44 

13-17 

10-)2 

U05 




i Millet 

Bench, Landw. Ver- 
suchs Stat. 1895, 
46, 103 

(W’mton, p. 124) 

10-27 

965 

8- 72 

9- 36 

6 68 
6-25 

2 33 
2-38 

52 50 
43 78 

19 50 
23-58 



1 Buck- 
' wheat 

Coe, U.S. Bept. Agnc 
Circ. 190 (1931) 

9-77 

2-15 

4-11 

0 86 

45 97 

37-14 


.. 


Bata as to the composition of the varioas b 7 > ! 
products of rice mSlmg are to be found in 
Wmton (p. 136S) ; the U.S. Bept. Agric. BolL 
.570 (1917); Strowd'a “Commercial Feeds,” 
BiiU. Imp. Inst. 1918, 16, 16; Hand eS al^ 
Missotm Agric. Exp. Sta. Res. Bol]. 123; 
Stieltjes, Bull. Mat. Grasses Inst. Colon, Mar- 
seilles, 1922, 201 ; Bertrand and Benzoo, Compt. 
rend.. Acad. Agric. France, 1928, 14, 13(0 ; BolL 
Soc. hyg. aliment. 1928, 16, 457 ; Praps {Wm- 
ton, p. 152) ; Joachim and I^ndiah, I e. 

Belland (Ann. Falaif. 1918, 11, 388) snppliee 
data for the bran of Morocco beans, anid an 
article on “ Composition of commercial mustard 
bran with special reference to the detection of 
added mustard bran in prepared mustard *’ is 
to he found in J. Assoc. OS. A^c. Chem. 1923, , 
7, 170 (Hertwig and Palmore), Analyses of, 


other Jess commonly used cereals, nuts, and oil 
seeds are given in Wmton. 

The following is a list of references dealing 
with the detection of adulteration in wheat 
bran: Amos, Analyst, 1929, 54, 332; Collin, 
Ann-Falsif. 1917, 10, 539; Estienne, J. Pharm. 
Belg, 1933, 5. 89 and 105 (Muhlenlab. 1033, 3. 
80) ; Agncultura, 1933, 36,91 (Amer. Chem. Aba 
1933, 27, 5430); Evans and Wallis, Analyst. 
1928, 53, 432; Fonzes-Biacon, Ann. Falsif 
1924, 17, 528; Lopriore, Staz. sper. agr. ital. 
1916, 48, 297 ; Marchadier and Goujon, Ann 
Falsit 1924, 17, 328; ibid. 1924, 17, 458: 
Raunler and Pau, Ann. Falsif. 1930, 23, 229 
The adulteration of rice bran is dealt with by 
Silverbetg (J. Assoc. 02. Agric. Chem. 1921, 
5. 77; 1923, 6, 71). (See aUo the list of 
articles on “ Corn Cockle ” to be found in 
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the discussion of the nutritive value of bran, 
below.) 

Durham (Cereal Chem. 192S, 2, 299) found 
that the water absorption of bran diminished 
(from 29 to 17%) according to the extent to 
which the bran had been ground. 

Taufel and Thaler (Z. Unters, Lebensm. 1934, 
68, 631) have compared the pentosan content of 
crude fibre prepared from bran (rye and wheat) 
by the Weender process (2-3-3-0% pentosans in 
wheat bran, l-6-2-8% in rye bran) and by 
Konig’s method (no pentosans). Tollens et al. 
found 22-25% of pentosans in wheat bran, and 
40% in maize bran. Norris and Preece (Bio- 
chem. J. 1930, 24, 69) isolated four chemically 
and physically Satinet fractions from the 
hemiceUuloses of wheat bran, two of them 
containing small percentages of uronio acid 
residues. HemiceUulose B2 was apparently a 
glucosan, while the other fractions consist 
largely of pentose residues. Thomas and Kapf- 
hammer (Pfliiger’s Archiv. 1923, 201, 6) by 
means of utilisation experiments found that 
27-3-29-4% of the cell membranes of bran 
consisted of cellulose and hexoaan. Investiga- 
tions on the pentosan and ceUuloso content of 
cereal hulls were also carried out by Rubner 
( Amer. Chem. Aba. 1917, 11, 2512) and by Porst 
(8th Int. Congr. Appl. Chem. 1912, 13, 205 ; 
Winton, p. 88). 
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Comparatively little work has been carried 
out on the proteins of wheat bran. Snyder 
(Minnesota Agric. Exp. Sta. 1899, Bull. 63, 
p. 627) supplies data for the nitrogen content 
of ■various fractions of the protein of wheat 
bran, and Teller (Arkansas Agric. Exp. Sta. 
Bull. 42) found distinctly less gUacto and 
relatively more albumin and globidin in com- 
mercial bran than in the flour from the same 
wheat. 

Hamilton et al. (J. Amer. Chem. Soc. 1923, 
45, 815) obtained the following values for the 
distribution of nitrogen (as percentage of total 
nitrogen in the feed) in wheat bran proteins : 
total basic N 24-02 ; ammonia N 9-17 ; humin 
N 6-86; arginine N 11-99; cystine N 0-81; 
histidine N 7-32 ; lysine N 3-90 ; mono-amino 
acid N, amino N in filtrate from bases 38-07 ; 
proline, oxyproline, tryptophane, etc., non- 
amino N in filtrate from bases 3-69 ; ether- 
soluble N 0-04 ; alcohol-soluble N 1-23 ; non- 
protein N soluble in cold, 1%, CCIjCO^H in 
filtrate from colloidal iron 15-26% (c/. the 
results obtained by Nollau, J. Biol. Chem. 1915, 
21,611; Winton, p. 227). 

Jones and his collaborators (J. Biol. Chem. 
1923, 58, 117 ; 1924, 62, 183 ; 1925, 64, 241) 
carried out a series of investigations on the 
proteins of wheat bran. Their results are 
summarised in Table 5. 


Table 5. 


Protein. 

% 

of total 
protein 
in bran. 

Nitrogen Distribution in Bran Proteins. 

% 

Free 
NHj— N 

% 

Cystine. 

% 

Arginine. 

% 

Histfdine. 

. % 
Lysine. 

% 

Trypto- 

phane. 

0/ 

/o 

Tyrosine, 

Albumin . 

16-64 

2-84 

3-29 

10-04 

2-57 

4-51 

4-76 

4-20 

Globulin . 

13-62 

6-59 

1-62 

14-13 

2-76 

11-84 

2-85 

3-69 

Prolamine 

,31-01 

1.-88 

2-29 

4-41 


2*45 

1-37 

3-38 


The tryptophane content of the albumin of 
wheat bran was the highest of any plant protein 
until then reported; the proteins are also 
high in cystine. 

G. L. and W. K. Teller (Cereal Chem. 1932, 9, 
560 ; see also ibid. 1932, 9, 261) studied the 
content and composition of the non-protein con- 
stituents of wheat bran ; not more than 25% are 
in the form of amides of the type of asparagine. 
The results indicated that 5-7 should be used as 


the factor for converting N into crude protein 
content in the case of wheat and its bran. 

Notthohm and Mayer (Z. Unters. Lebensm. 
1935, 69, 289) found that the magnesia extract 
of wheat bran mainly consists of betaine, which 
is found in small quantities in the phosphatides 
of wheat and oats. 

Table 6 summarises some of the physical 
constants obtained for the oils from various 
cereal brans. 


Table 6. 


Cereal. 

Reference. 

Sapon. 

No. 

Iodine 

No. 

Un- 

saponifi- 

able. 

Free 

Acids. 




! Wheat 

Stellwaag, Landw. Ver- 



% 

% 

% 

% 


i 

! Rye 

suchs-Stat. 1890, 37, 
135 (Ball, Cereal Chem. 
1026, 3, 21). 

183-1 


7-45 

14-35 

78-73 

89-71 

285-0 

Ball, ibid. 1926, 3, 24. 

176-1 

— 

7-64 

16-44 

78-31 

93-75 

285-6 

1 Millet 

Bersch, ibid. 1895, 46, 

213- 

58- 






103; Winton, p. 125. 

216 

59 






Rice 

De ’Conno and EineUi, 









Ann. Chim. Appl. 1930, 
20, 26 ; Winton, p. 147. 

189-1 

100-77 

1-415 
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Both rice bran and the oil obtained from it 
rapidly increase in acidity unless specially 
treated. Brown (lVinton,p.l4Gj hasshowntbat 
this deterioration is due to the activity of lipase. 
Heating at 93'^C. destroyed the cruyme and 
hence reduced the amount of free acids formed 
Themp of rice oil is 24'-25®. Results obtained 
by De ’Conno and Finelli (l.e.) indicated that the 
onginal fat consisted of glycerides of oleu^ 
Lnoletc, arachidic, stearic, and palmitic acids 
Wemhagen (Z physiol Chem. 1917, 100, 159; 
Winton, p. 148) states that rice bran contains 
10 94% of fat, 73% of which is liquid and 27% 
sohd. The liquid portion consists of 91% 
fatty (59% oleic and 31 8% palmitic) acids 
and 5 3% of phytostcrols , the solid fat con- 


I sista of 90 0% fatty acids, almost entirely con- 
sisting of palmitic acid, and 4'7% of phyto 
! sterol 

The phytosterob in wheat bran have been 
discussed by Ellis (Biochem. J. 1918, 12. 160), 
Lenlier and Crevat (J. Pharm Chim. 1931, 14, 
214) and by Anderson and his associates 
(J. Amer. Chem. Soc. 1924, 46, 1717). The 
last mentioned workers isolated dihydrosito- 
i sterol (m.p. 144®-145'’) from the unsaponifiable 
fraction of the petroleum-ether extract of wheat 
bran ; sitosterol was also present. 

Andrews and Bailey (Ind. Eng. Chem. 1932, 
24, 80 ; see also Leulier and Crevat, l.e.) supply 
the following data for the distribution of organic 
phosphorus in wheat bran. 



TotaL 

riistln. 

Lipoid. 

Inorg an( 
nucleic. 

Extracted by 
2% HCl. 

Found 

I 646 

1-415 

% 

0 02S 

0 203 

1-61 

Percentage of total P .... 


85 96 

1-7 

12 33 

97 8 


Sullivan and Near (Cereal Chem 1928, B. 
163, 436) mvestigatcd the hpoid phosphorus of 
wheat and its miiluii products 

Anderson, after a senes of studies (J Biol. 
Chem 1912,12,447 , 1914,18.425,441 ; 1915, 
20, 463), concluded that phytic acid or phytin, a 
substance first isolated by Postemak (Compt 
rend. 1903, 137, 439) is inositol hezapbospbonc 
acid, C,HigO:,P« or C,Hg{OHjPO,).. 
[According to Patten and Hart (New York 
Agnc Exp bta Bull 250, 1004) 80 5% of the 
water-soluble phosphorus of wheat bran exists 
as a Mg-Ca-k salt of a phospbo orgaiuc acid 
which may split up into phytin ) Arenll and 
King (J. Amer Chem Soc. 1926, 48, 724) 
found 4 53% of phytm (calculated as 
CgHjjOjjPg) in wheat bran. After a senes of 
investigations (J. Amer Chem. Soc. 1913, 35. 
890 ; Ark Agnc Erp Sta Bull 138 , J. Araer 
Chem Soc. 1918, 40, 523) J. B. Rather adopted 
the formula C,Hg(OH)(OH,PO,)5 or 
for an inosite ^hos^honc acid 
which he isolated from wheat and nee brao. 

The follow ing is a list of other investigations 
relatmg to the phosphoric compounds of wheat 
bran • Robinson and Mueller, Biochem. Bull. 
1915, 4, 100 ; Aibenz, Mitt. Lebensm. Hyg. 
1922, 13, 45; Rogozmski, Bull, Acad. Sci. 
Craeovie (B), 1915, No 5. 87 ; Amer. (2faein, Abs. 
1922, 16, 3499. Accordmg to the last mentioned 
author, bran forms one of the three chief sources 
of phytic acid. 

In comparison with wheat bran, rye bran b 
comparatively poor in phytin PjO^, but is 
rich m morgame PjOj (Rogozmski, Ic.). 
Cal6 (Atinali Chun. Appl. 1935, 25, 49). in 
article on the phospho organic componnds u* 
products obtamed on grinding germinated 
barley, found_ that the proportion of mositol 
hexaphosphoric acid was at a maximam m 
bran. 

Phytosterolwas obtamed in a crystallme state 
from nee bran by Tsujimoto (Winton, p. 148; 


also Nabenhaucr and Anderson, J, Amer. 
Chem. Soc. 1926, 48. 2972). Suzuki ei al. 
(Bull. Col. Agnc. Tokyo, 1907, 7, 603 ; see also 
Beisardini, Atti. R. Accad. Lincei, 1911, 21, 
283; Borasio, Giom Risicolt. 1920, 19. 131) 
found that rice bran contained 8% of phytm ; 
and Thompson found 2 291% of phosphorus aud 
8 22% of phytm (J Agnc. lies. 1915, 3, 425). 

Suzuki ei al. (J. CoU. Agnc. Tokyo, 1009, 1, 

I , WmtoD, p. 142) found in rice bran 1'16% 
of mtrogen (prolammes) soluble in 60% alcohol 
and 1 37% of N (globulin) soluble in 10% salt 
solution : 0 2% caustic soda solutiou dissolved 
1*51% of the bran, consisting of leucine 80, 
glutamic acid 4 7, tyrosine 0 3, arginine 3 4, 
histidine 0 8$, and ammonia N 1*13%. 

Oryzanin. a crude matenal isolated from 

ce bran by Suzuki et al. (Biochem, Z. 1913, 
43, 89 ; Wmton, p. 144), contains a substance 
to which nee owes its antiscorbutic properties. 
A general r4sum5 of the proteins of rice bran is 
givea by West anil Cow. f.Pbiko^uMi J.. Sei. 
1933,62, i). 

A number of Japanese workers (Mem. ColL 
Scu Kyoto, Ser. A, 1928, 11, 481, 497, 505, 517, 
S21)have investigated the composition ofpi/yrd, 
obtamed by tbe^tiUationofrice bran. Uzawa 
(J. Biochem. Japan, 1932, 15, 1 and II) 
describes the preparation of the phospho- 
esterases of bran. 

Giesen (Inaug. Dis. Bern, 1909; Wmton, 
pp. 237 and 267) found 1-1% of protease 
(optimum temperature 30'’-40°C.) in wheat bran, 
and 0 0% in rye bran (optimum temperature 
30“'45®), calculated as trypsm. According to 
Kuhl(Muhle, 1934, 71. 1413 and 1445), the dark 
colour developmg in bran particles of flours on 
making up into doughs is due to the presence of 
oxydases 

Schulerud (Muhlenlab. 1933, 3, 137) stated 
that the yellow colour which develops on extract- 
ing lye and wheat milling preducts with a 
. mixture of 50% of acetic eater, 30% of alcohol. 
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and 20% of -water, and adding potassium 
carbonate, is due to a pigment located in bran 
■svhich acts as an indicator (colour change at 
7'0-9-0). Iilicroscopic investigation shows that 
this pigment is not a starch degradation product, 
but it may be identical -with the flavone discovered 
by Anderson (Canad. J. Res. 1932, 7, 285). 

The following is a list of articles dealing with 
the nutritive value of wheat bran from a 
general point of view ; Alquier, Ann. Fakif. 
1927, 20, 445 ; Bazilevskaya, l.c. ; Fraps, 
Texas Agrlc. Exj). Sta. 1922, Bull. 291 ; Neal, 
Nat. Amer. Miller, 1934, 62 (8), 52 ; Random, 
-Alquier et al., Compt. rend. 1924, 179, 1342; 
Woodman, J. JCn. Agric. 1923, 30, 593; 
Lindsey, Mass. Agric. Exp. Sta. Bull. Rpt. 1908, 
168; RothweU, Canada Exp. Farms, Anim. 
Husb. Div. Rpt. 1924, 11. 

Hansson (Meddl. Centralanst. Forsoksv, 
.Tordbrukssomradet, Sweden, 1924, No. 273 ; 
Exp. Sta. Rec. 1925, 53, 666 ; c/. Briickner 
and Dietz, l.c.) found wheat bran to be a more 
valuable feed for milk cows and work horses 
than for swine ; it was somewhat less valuable 
for mdlc production than ground oats, but could 
make up 30-40% of the ration without serious 
consequences. Rye bran was similar in effect to 
wheat bran. In large amounts it caused a 
marked reduction in mUk production with an 
increase in fat content (see also Stookklausner 
and Daum, Ziichtungsk. 1931, 6, 341 (Nutrit. 
Ahs. 1932, 1, Abs. 1964) and Ampi, Muhle, 
1933, 70, 270). Both wheat and rye bran had 
undesirable influences on the .quality of lard in 
pigs. Barley bran was better for pigs, though it 
decreased the dressing percentage, it improved 
the quality of the lard. Oat bran is a very 
bulky and relatively poor feed; it is best 
utilised by hofses and cattle. The fodder value 
of rye brans of difierent milling grades was 
investigated by Honcamp and Pfafl (Landw. 
Versuchs.-Stat. 1925, 103, 259). Maize hulls are 
separated and mixed with maize gluten and 
soluble products to give gluten feed, used for 
dairy cows, stock, chickens, etc. (Phillips and 
Boerner, U.S. Dept. Agric., Bur. Agric. Econ. 
1925). Traps (Texas Agric. Exp. Sta. 1922, 
BuU. 291) supplies tables showing the results of 
feeding tests -with maize, bran, etc. 

Bran is largely used as a food for farm 
animak but has a weakening eSect upon the 
digestion if used in large quantities. It k 
more suitable as a food for fattening than for 
working animak. If used largely for milk cows, 
it tends to make the butter soft. Similarly, 
large quantities of bran given to fattening 
animak tend to low’er the melting-point of the 
body-fat (c/., however. Callow, Empire J. 
Exp. Agiic. 3 (9) ; Food, 1935, 4; 267). This 
is an advantage in the production of mutton or 
beef, but a disadvantage with bacon. 

Crichton and Allcroft (Scot. J. Agric. 1932, 
15, 63) in experiments -with crossbred Aberdeen 
Angus cattle found that fattening animak made 
greater gains at a slightly lower cost per lb. on 
bran than on linseed cake meal. 

Schmidt and ZoUncr (Bied. Zentr. Agrik. 
Chem., Abt. B. Tierernahr. 1931, 3, 23) foimd 
that wheat bran exerted an unfavourable 
effect on the laying capacity and general health 


of poultry. Shaw and Fisher (l.c.) criticise 
Hainan’s results (Min. Agric. Fish. Bull. 7, 
2nd ed., 1932) in regard to the unfavourable 
effect of the bulkiness of bran on poultry, and 
point out that it is the bulkiness of wel, not 
diy, bran which must be considered. Tulley 
(S. Dakota Sta. Rpt. 1932) determined the 
feeding value of wheat by-products for poultry. 

The following is a list of articles dealing with 
the detection of com cockle in bran and its 
effect on stock : Becker (Zentr. Bakt., Abt. II, 
1918, 48, 417) ; Brandi (Land-u'. Versuchs.- 
Stat. 72, 326) ; Broquet (BuU. Assoc. Chim. 
Suer. 1932, 49, 27) ; Grunewold (Muhle, 1933, 70 
105) ; Quigley and Waite (Maryl. Sta. 1931, 
BuU. 325, 343) ; Rogozinski and Glowczynski, 
Polish Acad. Sci. Letters, 3rd July, 1933 ; 
BuU. Acad. Polonake, 1933, B, 189-203 ; 
Schneider, Arch. Gefliigelk. 1933, 7, 121 (Nutrit. 
Abs. 1933, 3, Abs. 2630) ; Strowd’s “ Com- 
mercial Feeds ” (p. 121) ; I. Weiser, Kiserlet 
Kozlem. 1924, 27, (1-2), 1 (Exp. Sta. Rec. 
1926, 54, 160 ; Fortsohr. Landw. 1927, 2, 6). 

The digestibiUty of bran by man and by 
animak has been the subject of a considerable 
number of investigations [see, e.ff., MoeUer, 
Z. Biol. 1897, 35, 291 ; Rubner, ibid. 1883, 
19, 45 ; Holmes, U.S. Dept. Agric. 1919, 
BuU. 751 ; Honcamp and Nolte, Landw. 
Versuchs.-Stat. 1920, 96, 121 ; Hindhede, 

Mediz. Welt, 3, 158 and 192 (Z. Unters. Lebensm. 
1933, 65, 242) ; Emmerich and Loew, Z. ges. 
'Getreidew. 1913, 5, 115; Lindner, ibid. 1929, 

' 16, 951 ; Mohs, ibid. 1929, 16, 45 ; Monceaux, 
Compt. rend. Soc. biol. 1923, 89, 402 ; D.Sc. 
Thesis, Paris, 1924 (Amer. Chem. Abs. 1925, 19, 
1741)]. CeUulose is, at best, but imperfectly 
digested by man, and that which has become Ug- 
niJied, har^y at aU. Formerly it was held that 
the contents of the aleurone celk could not be 
digested by man, but Heupke (Z. Emahrung, 
1932, 5, 138) claims to have demonstrated experi- 
mentaUy that enzymes are able to diffuse through 
the walls of the aleurone celk and digest their 
contents without attacking the cell walk. These 
investigations do not, however, if substantiated, 
affect the unfavomable nitrogen balance which 
has been estabUshed for wholemeal bread. 

Brunnich and Rawson (Queensland Agric. J. 
1921, 15 (5), 195 and (6), 235) determined 
the digestion coefficients for AustraUan wheat 
bran on four wethers, and suggested that the 
higher digestibiUty of the crude fibre of 
AustraUan, as compared -with U.S. and German, 
bran k due to the more rapid gro-wth of plants 
in AustraUa. Tests for the digestibiUty of 
wheat bran for sheep were also carried out by 
Saito (Imp. Zootech. Exp. Sta. 1931, BuU. 26; 
Amer. Chem. Abs. 1932, 26, 1323) and by Suzuki 
(Imp. Zootech. Exp. Sta. 1931, BuU. 27; 
Amer. Chem. Abs. 1932, 26, 1323). Chaussin 
(Compt. rend. Soc. biol. 1919, 82, 269) studied 
the digestion of bran by the rabbit and dog. 

Examples of processes for rendering bran more 
digestible are those due to Monti (Atti 1° 
Congr. int. Panificazione, Roma, 1932, 228 
(1933) ), and to Rabinovitch (B.P. 392054). 

Falcon-Lesses (J. Nutrit. 1930, 2, 295) and 
CowgiU and Anderson (J. Amer. Med. Assoc. 
1932, 98, 1866; and 1933, 100, 795) found 
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that the laxative cSect of bran was not doe to 
Its phytin content bnt to the amonnt of fibre 
and pentosans present ; similar conclnsioiis 
were amved at by Bose et el. (J. Amer. IXelet. 
Assoc. 1932, 8, 133). Olmsted el aZ.(Proc. Soc. 
Exp. Biol. Jled. 1934, 32. (1), 141) condude 
the pentosans of bran do not exert a laxative 
eSect, while bran fibre is definitely laxative. 

llnrphy and Jones (J BioL Chem. 1926, 69, 
85) state that, taken collectively, the wheat 
bran proteins contain over twice as zanch of 
the ao-called nutritionally essential amino- 
acids (tryptophane, tyrosine, cystine, lysine, and 
arginine) as the same amoimt of wheat cndo- 
sperm {see atso Hamilton et Amer. Cbem. 

Soc. 1923, 45,815). 

Elem al. (Amer. J. Physiol. 1926, 76 (2), 
237) descnbe investigations into the notntive 
vahie of the vanona layers of the wheat and 
maize kemeb. 

There was a widespread belief that bran is 
particularly well fitted, because of its ticbness 
in mmerab, to supply the needs of animals with 
reference to the development and notiition of 
bone. Experiments earned out in Sooth Africa 
(Ingle, J. Comp. Path. & Therapeutics, starch, 
1907, and J. .^c Sd. 1903. 3, 22) and by 
Bang (Kong. Vet -lAndsbebejskole Aarsknft, 
1925, 3S3) on horses have proved that there is a 
definite deficit of lime u: the hme-phospborus 
ratio of bran this standpomt. Carles 
(Rep. pharm. 25, 67) discusses the value of the 
phosphates of wheat bran in animal feeding. 

Bt^e (Z physiol Chem. 1898, 25. 36, 
quoted by Sherman, “ Chemistry of Food and 
Nutrition,'' p. 328, Slacmillao, K.Y.. 1933) 
demonstrated that rats fed on bread made from 
flour containing bran made greater genera) 

g uwth and developed a greater amount and 
gher percentage of hsmoglobin than rata fed 
on flour without bran. Rose and Vahlteicb 
(J BioL Chem. 1932, 96. 593) state that whole 
wheat appears to contain certain factors, bcking 
in patent flour, which supplement the effect of 
inorgamc iron and copper added to the diet in 
regenerating hsmoglobin. 

Sherman (p. 56S) states that wheat bran 
contains (+) vitamin A, and G(B}),aDd may be a 
^oodsoiiree/-f-t-7)cfTitaniin Bj^). (See alio 
Cramer and Slottram, Lancet, 1927, II. 1090; 
HaHiday, J. BioL Chem. 1934, 106, 29 ; Halliday 
and Dennett, J. Nntrit. 1934, 7, Proc. 12; 
Kramer and McCammoa, Eans. Agric. Exp. 
Sta., 6th Biennial Rep. 1932, 113 ; Marcblewski 
and IVierzchowaki, Pam. Panst. Inst, faille. 
Gosp 1716)81. Pnlawach, 1922, 2, A, No. 1. 
160; No. 2, 161 (Amer. Chem. Abe. 1921, 18, 
1319); Plimmer ei aL, Biochem. J. 193J, 25, 
691 ; Rose tt al , J. Amer. Dietet. Assoc. 
1932, 7, 369 ; Stammers, Biochem. J 1921 15 
489.) 

31itchell and VUl^as (J. Dairy Sci. 1923, 6, 
222) found that the nutritive value of ncc bran 
proteins was approximately the same as that of 
soya beans; very Lttle supplementary effect 
was noted between the proteins of rice bran, 
soya beans and cotton seftl meal. The natntire 
value of nee proteins was also invest%afed 
by West and Cruz (Ic.). Davies (Fertilis^ 
Feeding Stuff*, and Farm SuppUes J. 1927, 12, 


1315) supples data for the composition and 
I feeding value of rice bran and vanona oat and 
I barley by-products. 

I The content of the so-called vitamin-B com- 
plex in rice bran has been the subject of a 
number of articles, of which the following is a 
list: AnnL Rep. Bur. Sci. Philippine IsL 1931; 
Einugaaa, J. Pharm. Soc. Japan, 1928, 43 (6), 
539 ; Kinugasa and Hattori, tbid. 1922, No. 485 
579, No. 486, 671, No. 4S7, 780; ibid. 1924, 
No. SOS, 469 ; Otakc, J. Agric. Chem. Soc. 
Japan, 1931, 7, 775 ; Stechow and Wamoscher, 
Arch- Pharm. Inst. Univ. Berlin, 1927, 12. 
145; Titus, Poultry Sci. 1932, 11, 117; Titus 
and Gum, Science, 1931, 74, 249; Ileda, J 
Orient. Jfed. 1924, 2, 90; Tsukiye, Biochem. 
Z. 1922, 31, 134; Van Veen, JfededeeL Dimst 
Volksgezondheid. Nederland. Ind. 1931, 20 (2), 
73, 80, 97; 1932, 21, 184; Rec. Trav. chim. 
1932, 51, 265 and 279; Z. physiol Cbem. 
1932, 208, 125 ; Wmdaus ei al., Nachr. Ges 
Wiss. Gottmgen, Math-physde. Klasse, 1932, 
342. 

Apart from its use as a feeding stuff and, 
when solnbilised and dismtegrated («<, e.g., 
Monti’s and Rabmovitch's processes mentioned 
above), m brown and other loaves, bran has 
been propo«ed for use in cereal foods and 
beverages, as a baking improver, for the 
manufacture of furforaidebyde (Dtaka, Rep 
Osaha Ind. Res. Lab. Japan. 1925, 5, 1 ; Amer. 
Chem. Abs. 1625, 19, 2336). xylose (Facini.Nst 
lAmer M^er, I9M, 62 (9), 30 ; Emley, Xnd.Eng 
Chem., News Ed, 1928, 6 (21) 3), active 
I charcoal (Northwestern Miller, 1933, 174, 
loss, Jone 14), fuels or hnildiag materials 
(M&hle. 1932, 69, 1063), and rayon or celluloid 
(Gross. B.P. 361588; J. Text. Inst. 1932, 23. 
A!66). Bran is also used, although to a 
diminishing degree, m tanning leather (for a 
description of the process and of the changes 
occurring in the fermratation of bran so 
employed, eu Wood and WOeox, J.S.CX 1893, 
12, 422, and 1897, 16, 510), and as a cleaning 
material (e.?. for fun). £. A. F. 

BRANDY. The term braiufy is an abbrevia- 
tion of brandymne, the original English form of 
the German Brunuticeirt or the French Erandenti. 
The Earo/van rariarimis of the lean, however, 
have wider apphcations than that in Britain 
Thus in Germany it is applied to any spintuous 
liquor obtained by distiUation, whilst in France 
the alternative title £au de Tie legally inclndes 
spirit distilled from mder, perry, chemes, plums, 
and nuzre as well as that obtained from wine. 
Since 18S0 the British term brandy has been 
restricted to Bpirits obtained by distiUation from 
fermented grape juice. An Act passed by 
Parliament in 16^ states in the preamble, 
“Whereaa good and wholesome brandies, aqua 
viUe and spirits may be drawn and made from 
malted com, etc.,” but the Spirits Act of 
1860 prescribed that “ all spirits which shall 
have had any flavour communicated thereto 
and aB liquors whatsoever which shall be mixed 
or mingled with any such spirits shall be 
deemed a Britbh' compound called Brilisb 
Brand yy This section was repealed in 1850 
Under the title Spiritm TTn» Gqdiei the British 
Pharmaceutical Codex (1934) states that 
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“ brandy is obtained by distillation from the | 
wine of grapes, and matured by age. It occurs 
as a pale amber-eoloured liquid having a 
characteristic odour and taste and, as a rule, 
a slightly acid reaction. It contains about 40% 
v/v of ethyl alcohol and usually about 0-05 to 
0-15% of higher alcohols, 0-1 to 0-16% of esters, | 
0-05 to 0-2% of volatile acid, 0-0005 to 0-002% 
of furfural, and 0-02 to 0-04% of other alde- 
hydes.” According to the United States 
Pharmacopoeia of 1936 “ Spiritus Vini Vilis 
is an alcoholic liquid obtained by the distilla- 
tion of the fermented juice of sound, ripe grapes 
and containing at 15-56°C. not less than 48%- 
and not more than 54% by volume of ethyl 
alcohol. It must have been stored in wood 
containers for a period of not less than four 
years.” It is “ a pale amber-coloured liquid, 
having a characteristic odour and taste and an 
acid reaction : specific gravity from 0-933 to 
0-921 at 25°C.” 

Consumption . — In common with that of all 
other spirituous liquors, the consumption of 
brandy has decreased during the past decade, 
as wifi be seen by the following statement of 
the number of proof gallons retained for home 
consumption in Great Britain and Ireland, 
although the official return for 1936 indicates a 
partial recovery. 


Year. 

Proof Gallons 

1925 

633,747 

1926 

691,345 

1927 

570,428 

1928 

542,464 

1929 

539,918 

1930 

487,137 

1931 

461,498 

1932 

396,291 

1933 

411,475 

1934 

401,645 

1935 

395,308 

1936 

422,213 

Production . — ^Approximately 

95% of 


brandy imported into the United Kingdom 
eomes from France, the finest grades being Cog- 
nac and Armagnac, so named from the French 
towns in which originally they were distilled. 
Whilst the term Cognac has by custom come to 
be used almost as a generic term for brandy, it is 
strictly applicable only to spirits distilled from 
the produce of grapes grown in the Cognac 
region, which comprises a certain part of the 
two departments of Charente and Charente 
Inferieure, also Dordogne and Les Deux- 
Sfevres. A strict delimitation of the Cognac 
area has been made by the French Govern- 
ment by decree dated 1st May, 1909, and the 
region is locally divided into the Grande or 
Fine Champagne, the Petit Champagne, the 
Bonlories, and the Bois, according to the quality 
»t the wine produced. Very little brandy is 
now distilled in Cognac itself, the greater part 
being produced on the brandy farms of the 
surrounding districts. The French Government 
lias jirohibitcd the description Cognac to be 
applied to any mixture of Cognac or other wine 
spirit with grain or beet spirit and has further 


provided that labels, marks, etc., beariiig the 
word Cognac should sigiiify that the spirit in 
question is solely the product of the Cognac 
region. Other brandies of less commercial 
value are those of the Midi and the districts of 
Aude Gard, Herault, and Pyrenees Occidentales, 
commonly known as the Trois six de Mont- 
pellier. Marc brandies are distilled from the 
fermented marc or refuse of the wine press as 
well as from the lees of the wine casks. The 
soil of the brandy-producing districts is mainly 
calcareous and the grape is a small white 
berry with very acid juice producing a wine 
of iilferior quality for drinking purposes. 

Brandies are produced in most other wine- 
growing countries, especially when, owing to 
over-production of wine, or some defect in its 
quality, it becomes more profitable to convert 
it into spirit than to dispose of it as wine. 
Algerian brandy is of high quality, resembling 
Cognac, and is generally sent to France for re- 
shipment to England and other countries. 
The Spanish product is also similar to the 
French and commands a high price. In 
Australia and South Africa production is 
steadily increasing, although the export trade 
is at present very small. The so-called dop 
brandy of South Africa is produced in the same 
way as the French marc brandy and has similar 
characteristics. There is considerable pro- 
I duction of brandy in Egypt, but it is nearly 
all distilled from -wine made from grapes im- 
ported chiefly from Southern Turkey, Greece, 
Cyprus and Asia Minor. It has a strong 
characteristic , flavour much appreciated by 
consumers of the cheaper brandies. Spurious 
brandies of doubtful origin, but described as 
“ Eg 3 q)tian,” have also been placed on the 
market. They are probably made from the 
currant grape groivn in Greece and Asia Minor 
and have no right to the title “ Egyptian ” 
beyond the fact that they are exported via 
Alexandria. 

Manufacture.— The reputation of the brandies 
of the Cognac and Armagnac districts depending 
so much upon their bouquet, it is desirable 
to avoid high rectification and consequent 
removal of those secondary ingredients upon 
which the flavour mainly depends. Distilla- 
tion is usually conducted, therefore, in a simple 
pot still by the professional distiller as well as 
by the farmer. The stfll, which varies in content 
from 150 to 200 gallons, is usually enclosed in 
brickwork, with only a small bulbous head 
exposed, and is generally heated by means of a 
furnace, wood being considered the best fuel. 
In a few distilleries the stills are heated by 
steam. Occasionally a subsidiary vessel filled 
with wine and called a “ chauSe-vin ” is 
attached to the still and through it the pipe 
conveying the spirit vapour to the refrigerator 
passes, heating the wine so that the latter is 
quickly raised to boiling-point w-hen sub- 
sequently passed into the still, thereby effecting 
a saving of fuel. Tivo distillations are made, 
termed “ brouillis ” and “bonne chauffe,” 
corresponffing respectively with the “ low wines ” 
and “ .spirits ” of the whiskey distiller. In 
some distilleries the finished spirit is produced 
at one continuous distillation by means of a still 
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demented as “ a premier jet.” In this form of 
still a vessel is attached to and abo\e the! 
head of the stiU, and through it the apirit 
of the first distillation is conveyed. This apint 
13 again vaporised by the heat of theapint raponr , 
rising from the still itself on its way to the| 
refrigerator The spirit produced m this way is ; 
not considered bo fine as that obtained by the ■ 
pot stiU, but it IS of higher strength and more 
suitable for the manufacture of hqueurs The 
quahty of the spint depends greatly on the 
care with which the distillation process itself is 
carried out The stills should be worked 
slowly and regularly, the normal time for the 
complete distiSation of a charge being about ten 
hours 

The quantity of wine used in the process of 
manufacture is relatively sery great, the 
amount of brandy produced from a given 
measure facing only from 10-16%. The 
strength of the wine saries from 4 5 to O'Ji bj 
weight of pure alcohol or approximately from 
10 to 20% of proof spirit, the average being 
about 6 5% of alcohol or 14% of proof spirit 
The finished epmt ss run from the still contains 
about &1% by weight of alcohol equivalent to a 
strength of about 25“ over proof The brandy, 
as received from the farmers, is blended and 
diluted in fats, sweetened with cane sugar, 
slightly coloured with caramel, and filtered 
into storage vats m which it is matured The 
simple pot stills and the modified stills known aa 
" h premier jet " aa used m the Charente 
district are not suitable for wines having a 
strong earthy flavour terroir ”) or other 
undesirable qualities. In such cases, as the 
brandies of the Midi, the Rochelle dutnet, 
and the maro brasdies of Borgundv, stills of a 
more complicated nature are employed owing 
to the necessity for a greater degvM of rectifica 
tioQ In these the distiUatioa is continuous, and 
in the Rochelle district and in the islands of the 
north west coast, a pot still with a rectifying 
head, known as the “Alembic des lies” is 
employed, whilst in the south the distiUing 
column consists of a series of compartments 
separated by plates connected with taps, by 
means of which it is possible to draw off the 
spirit at a higher or lower strength as de«ired. 
These stills are generally heated by direct 
fire 

Large quantities of wine are produced in the 
Sfidi for conversion into brandy, the grapes of 
this region being unsuitable for mal^g good 
wine. This is attributed to the efiects of the 
Phylloxtra which devastated the whole of the 
Charente district in theyears 1875-1878. Before 
this time most of the brandy exported to the 
United Kingdom was genuine Cognac, but the 
destruction of the Charente vineyards stimulated 
the production of brandy in other parts of 
France as well as m other countries The 
vineyards of the Cognac district were replanted 
with American stocks, on which Charente vmes 
were grafted, and the result has been highly 
successful. In the south of France, however, 
the vineyards ravaged by the Phylloxera were 
replanted with vines which were not appropriate 
to the soil, and which yielded wine jn great 
quantity hut at the sacrifice of good quahty. 


Hence the use of the rectifying stills in tlie Mu!) 
and the large quantity of brandy produted. 
Most of this IS consumed in France. The spmt 
denved from diseased or unsound wmes u 
highly rectified and used for industrial purposes 
The cheapness of wine, therefore, affords little 
or no inducement to the distillers of the Midi 
to use beet or gram os the raw material for 
the production of their brandies. 

hlare brandies or eau-de tie de tnare ate. aa 
the name implies, derived from the marc or 
refuse of the grapes after the juice has been 
extracted. They have a strong earthy flavont 
and usually are rich in secondary products. 
They are, therefore, often added to other wme 
spirits to impart the brandy character, or 
admixed with neutral spint from gram or beet 
in the preparation of factitious brandies. 

Compoiition. — In addition to alcohol and water 
the prmnpal constituents of brandy include 
acetic, butjTic, and other esters, acetic acid, and 
a small quantity of volatile oil. \Mien freshh 
, distilled, brandy is colourless. On storage 
in oak casks it acquires a yellowish brown 
colour, but m order to give it a fictitious appear- 
ance of age. or to standardise the colour to a 
particular brand, a solution of caramel or banst 
sugar 13 often added For the same purpose an 
extract of oak, of the tjT>c used tor making 
brandy casks, is also sometimes added. Owing 
to long usage and the fact that the average 
consumer would not accept acolourless brand}, 
this artificial addition of colour may bo regarded 
aa a legitimate commercial process. 

A comprehensive investigation of the nature of 
the aecondary ingredients of So.jear old brandr 
was earned out by Ordonneau (Compt. rend 
J886, 102 , 21?) with the following results: 


Crams perheetoLtrt 
Acetaldehyde .... 30 

n-Propaldeh\de .... 400 
n-But}l alcohol .... 21B6 

Amyl alcohol 83 8 

Hexyl alcohol .... 06 

Acetic ester 35 0 

IVopionic, butjTic and 
caproic esters .... 30 

(Bnantbic ester (about) . . 4-0 

Acetal and Amines . . . traces. 

IThe n botjfalcotiol sometimes fouDd la the faieloJI 
from brandy tOrdouacau, Compt rend 1856,102. St<) 
or grain epirit is probably due to an inrectlon ortne 
yean by Sjlylini* or a similar orpnJ'n 

Mortn ({c 1887, 105, 1019) states that the brssdr 
mentioned abo\e was unsaleable, contalDlcg also 
butyric acid, and that a brandy of good quslity 
analysed by himself contained no n butyl alcoha 
Elliptical yea't (wine yeast) produced none of tW* 
alcohol la the ferroenlatlon of 100 kg sugar (»« a'” 
Ctsndon and Morin, (S^mpt rend 1887, 104, 1I87> 
The absence of n butyl alcohol In fusel oil Is conflnoeo 
by tlie experience of Kahlbaums Factory (Meyer and 
Jacobson, “ Organl'che Chemle," 1, 1893, 161) ] 

Morin (Compt, rend. 1887. 105. 1019) distilled 
92 litres of pure cognac m Claudon and Jfonn’s 
apparatus. The first portion of the distillate 
contained the more v olatile bodies, the second 
consisted of tolerably pure ethyl alcohol, whilst 
the third contamed the higher alcohols and 
similar bodies. The residue, chiefly water, was 
tested for free acids, irobutylene glycol, and 
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glycerol. The hist three iiortiotis were then 
fractionated, .5 litres of " light alcohol,” 55 litres 
of pure ethyl alcohol, and ;!-5 litres of higher 
boiling compounds being obtained. The last 
fraction had a strong odour of fusel oil and a 
burning taste. The water remaining behind 
was added to that already obtained. The 
fractions were then re-distilled in Le Bel and 
Henninger’s apparatus. The fusel oil portion, 
which, after dehydration with potassium car- 
bonate, weighed 352 g., consisted of : 

Grams. 


Water 7 

Ethyl alcohol . . . .130 

n-Propyl alcohol .... 25 

isoButyl alcohol .... 6 

Amyl alcohol . . . .175 

Furfural 2 

Wine oils 7 


The water contained a little acetic and butyric 
acids and a small quantity of a viscous liquid 
w’hich distilled undecomposed under diminished 
pressure, and appeared to consist of isobutyl 
alcohol and glycerol. The residue contained 

tannin together with substances extracted 

from the wood. 

In the following table are given (1) the com- 
pounds' contained in 100 litres of cognac, 
(2) the results of the fermentation of 100 kilos 
of sugar : 

1 . 2 . 

Grams. Grams. 

Acetaldehyde . . . trace trace 

Ethyl alcohol . . . 50,837-00 50,615-0 

ii-Propyl alcohol . . 27-17 2-0 

isoButyl alcohol . . 6-52 1-5 

Amyl alcohol . . . 190-21 51-0 

Furfural and bases . . 2-19 — 

Wine oil . . . . ' . 7-01 2-0 

Acetic acid .... trace — 

Butyric acid .... trace — 

isoButylene glycol . . 2-19 — 

Glycerol 4-38 — • 

Ji-Butyl alcohol was absent, but furfural was 
directly detected by the addition of aniline to the 
cognac, a red coloration being produced in the 
presence of acetic acid. It will be observed that 
isobutj'l alcohol is present only in small quantity, 
whilst Ordonneau did not record its presence. 

In the spirit produced by the distillation of 
grape products methyl alcohol is usually 
present although sometimes only in minute 
proportions ; in the product of the distillation 
of wine Pirani (Annali. Chim. Appl. 1927, 17, 
176) found not more than 0-35%, whilst the 
distillate of wine press residues contained as 
much as 4%. He also found that methyl 
alcohol was present in the rectified products, 
that from wine containing from a trace up to 

0- 25%, and that from grape residues 0-64 to 

1- 90%. Windhausen (Naturwiss. 1929, 17, 
631) and Eeif (Z. Unters. Lebensm. 1927, 53, 
168) found similar values. On the other hand, 
Aschoff and Haase-Aschoff (Z. Nahr. Genussm. 
1923, 45, 209-211) detected no methyl alcohol 
in genuine brandy, but found that traces were 
often present in -marc brandies. Flanzy 
(Compt. rend. 1934, 198, 2020-2) found the 
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follow'ing methyl alcohol contents (mg. per litre) 
in various grape and so-called fruit brandies ; 

Cognac .... 300—500 

Armagnac brandy . 600-800 

Commercial brandy 1000-2000 
“ Fruit brandy ” . 1200—1600 

Cider brandy . . . 1000 

Pear brandy . . . 660-750 

Brandy from cider 

residues. . . . 6000 

In addition to the usual method of estimation 
by determination of the specific gravity of the 
distillate, the alcoholic strength of a brandy can 
be ascertained without distillation, but with 
a close approximation to accuracy, by determina- 
tion of the specific gravity and of the immersion 
refiractometer reading {n°) of the brandy. The 
relationship between these two values is not 
affected by the comparatively small amount of 
extractive matter in solution. Beckel (Z. 
Unters Lebensm. 1929, 58, 78) gives the formula 
A=l-3(KZ/100)x[30-07-(KZ/100)]-6-16, in 
which A=percentage of alcohol by volume and 
KZ=1000-t-n°— weight per litre. On the same 
principle the WTiter and others have found 
that for any particular alcoholic strength the 
value obtained by adding to the reading on the 
immersion refractometer the difference between 
1,000, representing the specific gravity of water, 
and the specific gravity of the brandy expressed 
in the same terms, remains unaltered, and 
tables can readily be prepared correlating factors 
so obtained with the appropriate alcoholic 
strengths. 

Evaluation. — The analytical data usually 
relied upon for discriminating between genuine 
brandies and those blended with neutral spirit 
are the respective proportions of (a) volatile 
acids ; (6) aldehydes ; (c) esters ; (d) higher 
alcohols ; and (e) furfural. The results are 
calculated in parts per 100,000 of absolute 
alcohol, e.g. in milligrams per 100 ml. or grams 
per hectolitre. The total amount of the 
secondary products expressed in this manner is 
termed the “ coefficient of impurities ” oi- 
preferably the “ coefficient non-alcohol.” The 
standard coefficient suggested by Gerard and 
Cuniasse for genuine brandy is 300, of -which not 
less than 80 should be esters. 

The causes which affect the characteristic 
bouquet of the wine naturally influence the 
proportion as well as the character of the 
volatile matters included in the “ coefficient ” 
of the brandy. Thus the proportion of the 
acids and esters is considerably augmented if the 
wine becomes sour and usually the aldehydes are 
higher in white than in red wines, von Fellenberg 
(Mitt. Lebensm. Hyg. 1927, 18, 337) found 
that a brandy made from unripe fruit and having 
an abnormal odour and taste contained mustard 
oil. 

Extent and eareful control of distillation are 
undoubtedly vital faetors in the determination 
of the composition and quality of brandy. If 
only the early fractions, “ produits de tbte ’ ’ 
which contain the aldehydes and more volatile 
esters, are taken the flavour of the resulting 
product w very agreeable and wine-like, -whilst 
the analytical data completely satisfy the usually 
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accepted standards On the other hand, the 
later fractions, ‘‘ produits do queue,” containing 
the higher alcohols and furfural can be greatly 
unproved by the use of dephlegmators. The 
excess of higher alcohols, furfural, acetic acid, 
and various obscure substances which, thongh 
present only in very small proportion, have a 
pronounced adverse effect on the odour and 
flavour, can also be adsorbed by animal charcoal. 

In the brandies of Charente and Aimagnac 
the coefBcient is usually rather high, but 
ordinarily in cognacs and jim c&ampa^ne it 
ranges between 275 and 450, though occasionally 
It falls considerably beyond these linuts. 
Brandies obtained from wines of the Midi and 
from Algeria show much wider variations 
ranging from 25 (indicating strong rectification) 
to 500. Marc brandies have almost invariably a 
high coefQcient, rangmg from 500 to nearly 
1,500 and in these aldehydes often form a large ; 
proportion. 

Attempts have been made to fix minimom and , 
maximum values for the coefficient, but without 
much success, the former with a view to the 
detection of the admixture of neutral spirit 
and the latter to restrict, for physiological 
reasons, the amount of secondary products. 
The effect of such limits would be to condemn 
many brandies which are undoubtedly genuine 
and even of high commercial value. The 
French Go.ernffleat in 1904 instituted an 
enquiry by the Technical Committee of (Enology 
into the possibility of fixing standards for the 
total amount of eecondaiy products (*‘ coefficient 
non>alcohol ”] of genuine brandy, but the 
coneliuion arrived at was that neither a mini mum 
nor a maximum limit could be recommended 
owing to the extremely variable character of 
brandy, not only with respect to the coefficient 
os a whole, but also in regard to the proportions 
of the volatile constituents relatively to each 
other, I 

The variations disclosed m the published data ' 
relating to the composition of genume brandy 
and the comparative agreement between these 
data and those appropriate to factitious pro* 
ducts afford some justification to those workers 
who contend that whilst analytical values are | 
not to be desjused, iasts and edonr are tbe laost 
reliable criteria by which to distmguish the 
two classes of products. Zellner (Z. Untcrs. 
Lebensm. 1927, 54, 389) and Ruppin (i6id. 
1929, 57, 243} support this contention. They 
are opposed by Buttner and liLermeister (liid. 
1929, 68, 628-635), whilst Graf! {ibid. 391-393) 
is of opinion that tasting must occupy a 
secondary position. In considering the question, 
regard must be had to the changes wluch take 
place when a genuine brandy is “ aged,” either 
by efflux of time or artificially, or when one of 
poor quahty or doubtful ongm is subjected to 
an “improving" process. Thus the natural 
improvement observed in genuine brandies by 
“ ageing " is always accompamed by a rise in 
the quantity of the secondary constituents due 
to the formation of oxidation products (alde- 
hydes and acids) and esters, as well as to 
the concentration due to the loss of alcohol and 
water. The higher alcohols also tend to increase 
and furfural to dimimsh vith age. It has been 


sugg^ted that the mellowness due to age may 
be imparted to new brandy, making it fit for 
numerate use, by adding small quantities of old 
rum, kirsch, syrup of raisins, and infusion of 
walnut hulls, whilst low wines which have been 
kept frir some months in casks with clear ram- 
water end a small quantity of strong brandy 
as a preservative may also be used for a siimJar 
purpose. Jarraud (Chim. et Ind., special no , 
613-615, Iilay, 1924) has devised sspecial electro, 
lytic treatment of brandies which effects 
oxidation, resulting in an artificial ageing m 
certam respects similar to, but not identical 
with, natural ageing phenomena. 

Phi/iiologieal Considerations . — The medicinal 
use of brandy has decreased considerably 
during recent years, whiskey finding greater 
favour both as a stimnlant and as a hypnotic 
On the other hand the weight of medical 
evidence on the question, given before tbe 
Commission of Enquiry in 1909, ascribed to the 
ethyl alcohol and not to the secondary products 
any beneficial effects to be derived in the treat- 
ment of disease. Whilst the mebnating effects of 
alcoholic bquors may, in the mam, be attributed 
to the common ingredient — ethyl alcohol— 
the varjdng effects peculiar to each must be 
attributed to the secondary products which 
▼ary in nature and proportion. There is 
evidence that the nhysiological effects of wme 
and newly distfilea brandy are similar, whilst 
brandy which has undergone a natural process 
of ageing does not affect the consumer m the 
same manner or to the same extent. It would 
appear, therefore, that the higher alcohols 
wlueh remam practically unalterra In the wine 
or brandy, whatever tbe age of the latter, are 
not the canso of the peculiar effects of brandy. 
These may be attributed to the other seconda^ 
ingredients— aldehydes, esters, and furfural— 
which undergo considerable change in the 
transition from wine to old brandy. According 
to the British Pharmaceutical Codex brandy is 
of value in the milder forma of dianhcea and 
Tomiting. By its lefiez stimulation of tbe 
medulla >t acts as a restorative in syncope if 
given undiluted. It is of value in cases of acute 
infection; it promotes quieter and deeper 
brealbisg whea respiratlOB is aSected and m 
many cases tends to promote calm and peaceful 
sleep. F, G. H. T. 

BRASS. Yellow alloys of copper and zinc 

BRA5SIDIC ACID, 
CHj-[CHjVCH.CH-[CHj1u-CO,H, 
is obtamed from erucio acid by the action of 
sodium nitrite, yield 80-90% (Rankoff, J. pr. 
Cbem. 1931, In], 131, 293), orof nitrou»acid(Holde 
andSciimidt, Z. angew. Chem. 1922, 35, 502) or 
, by the action of sulphur and water, sulphur 
dioxide, or sulphurous acid (Rankoff, Ber. 1930, 
63 [B], 2139} : erncic and brassidic acids are 
related as tiglic acid is to angebc acid, and 
ozonolysis of either gives the semialdehyde of 
brassylic acid (Hold© and Zadek, Ber. 1923, 
66 [Bj, 2052). For further information relative 
to its configuration and production from enicic 
acid, see Peal and Schiedewitz (Ber. 1930, 63, 
[B], 766). It is stable towards air and light. 

Brassidic acid crystaUises from alcohol m 
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plates, m.p. 61-5° (Rankofi, l.c., also Holde and 
Zadek, l.c.), b.p. 282730 mm.; d” 0-8585, 
jjioo 1.4347 ; it is less soluble than erucic acid in 
alcohol and ether; the anhydride has m.p. 64° 
and the dhyl ester m.p. 30°-30-5°, phenyl 
brassidate has m.p. 44°, b.p. 285712 mm. 
(Skraup and Beng, Ber. 1927, 60 [B], 942). 
For thallous salts of the acid, see Walter (Ber. 

1926, 59 [B], 962). 

For the p-chloro, -p-hromo, p-iodo, and 
p-phenyl-phenacyl esters, see Kimura (J. Soc. 
Chem. Ind. Japan, 1934, 37, 154), these deriva- 
tives, and the hydrazides of the acid, provide 
convenient means of identification of hrassidic 
acid: the hydrazides, prepared by condensing 
the acid -srith , the appropriately substituted 
hydrazine, also provide a means of separation 
of brassidic acid from related fatty acids : 
the phenylhydrazide has m.p. 98°, the ^-naphthyl- 
hydrazide, m.p. 121°-122°, the aa-methylphenyU 
hydrazide, m.p. 69°, and the diphenylhydra- 
zide, Ta.p. 106° (Veseli^ and Haas, Chem, Listy, 

1927, 21, 351 ; Chim. et Ind. 1928 (April), 
507). 

Esters of diiodohrassidic acid, obtained by 
addition of iodine to esters of behenolie acid 
(Swiss P. 62968), find apphcation in therapeutics, 
(U.S.P. 1688100, 1688169). G. F. B. 

BRASSYLIC ACID, undecanedicatboxylic 
acid, C02 H-[CHj]u-C 02H, may be obtained 
by oxidising behenolie acid, C22H40O2, with 
faming nitric acid (Haussknecht, Annalen, 1867, 
143, 45; Grossmann, Ber. 1893, 26, 644), or 
by oxidising erucic acid with nitric acid (Fileti 
and Ponzio, Gazzetta, 1893, 23 (ii) 393) or with 
ozone (Verkade, Hartman, and Coops, Rec. trav. 
chim. 1926, 45, 373). For details of a synthetic 
method of preparation from undecolic acid 
involving transformation of iV-imdecenoic acid, 
see Krafft and Seldis, Ber. 1900, 33, 3571). 

Brassylic acid crystallises in flan needles, 
m.p. 113°-114° ; for X-ray data of the crystals, 
see Caspar! (J.C.S. 1928, 3235). It is readily 
soluble in alcohol and ether, sparingly so in 
water. The monomethyl ester, m.p. 57°-57-3°, 
is obtained by ozonising methyl erucate and 
allowing the resulting aldehyde-ester to autoxi- 
dise (Noller and Adams, J. Amer. Chem. Soc. 
1926, 48, 1074) ; the dimethyl ester has b.p. 170°- 
210° (Muller, Rolz, and Wiener, Ber. 1934, 
67 fB], 295). The anhydride, m.p. 76°-78°, is 
obtained by heating brassylic acid with acetic 
anhydride (Hill and Carothers, J. Amer. Chem. 
Soc. 1933, 55, 5023). G. F. B. 

BRAUNITE. A manganese mineral classed 
with the oxides but containing an appreciable 
amount of silica (8-10%), the formula being 
SMnjOj-MnSiOa or AMnaOg-MnSiOa. The 
manganese is usually isomorphously replaced by 
small amounts of iron, calcium, barium, etc. It 
is generally found in compact masses, but some- 
times as tetragonal pj-ramids, the angles of 
which are very near to those of the regular 
octahedron. The crystals possess a perfect 
pyramidal cleavage. The colour is black -with a 
sub-metallic to metallic lustre. Sp.gr. 4-8 ; 
H. 6-61. The mineral is found in the man- 
ganese mmes of Sweden ; and, with the excep- 
tion of psilomelane, it is the most abundant of 


the manganese ores in India (f. L. L. Fermor 
Mem. Geol. Survey, India, 1909, 27). L. J. S. 

BRAZILEIN and BRAZILIN v. Beazil- 

WOOD. 

BRAZILETTO. An inferior kind of Brazil- 
wood obtained from Csesalpinia braziliensis 
Linn., growing in the West Indies. 

BRAZILITE. A synonym of baddeleyite, 
native zirconium oxide ZrOj (?.v.). The same 
name has also been appligd to an oil-bearing rock 
from Bahia, Brazil. L. J. S. 

BRAZIL NUTS. The frruits of Bertholletia 
excelsa Humb. and Bonpl. The principal 
constituent of the nuts' is the oil (q.v.), 70% 
and upwards, which in S. America is used as a 
food oil. 

The nuts contain globulins, an examination 
of which is reported by Jones, Gersdorf and 
Moeller (J. Biol. Chem. 1924, 62, 183). Seaber 
(Analyst, 1933, 58, 575) finds minute amounts 
of barium as an essential constituent of the ash of 
the nuts. A. G. Po. 

BRAZIL NUT OIL is present to the extent 
of about 70% in the kernels of the common 
Brazil (Para) nut, the seed of Bertholletia excelsa 
Humb. and Bonpl. (Fam. Lecythidacese).^ The 
bulk of the exported nuts is consumed for dessert, 
confectionery, etc., but a certain amount of oil is 
expressed in S. America and used for edible 
purposes, or for the manufacture of fine soaps : 
technical Brazil nut oil is also prepared to a 
small extent in Europe from nuts which have 
1 deteriorated in transport or storage, so as 
to be unfit for consumption as food. The fresh 
I expressed oil is pale in colour and has a flavour 
similar to that of the nuts themselves and 
deposits a considerable amount of stearin on 
standing at ordinary temperatures. The iodine 
value lies between 95 and 106. The fatty acids 
of the oil consist, so ikr as is known, of oleic acid 
(about 45%), linolic acid (about 35%), and 
saturated acids (about 20%) comprising mainly 
pahnitic acid with minor amounts of stearic 
acid. The reported presence of very small 
amounts of myristic acid (Schuette and Enz, 
J. Amer. Chem. Roc. 1931, 53, 2756) requires 
confirmation. This is also the case with the 
acetyl value for the oil, and it seems that we 
must await further evidence before reaching 
definite conclusions on these points. 

The Brazil nut press-cake can be used as a 
cattle-food or manure ; alternatively it may be 
treated with solvents for the recovery of the 
residual oil. Such extracted oil is darker than 
the expressed oil and only suitable for industrial 
purposes. 

Oil recovered from the parings obtained by 
slicing ofi the brown skin (testa) of Brazil 
kernels had an iodine value of 114-3 ( Allan and 
Moore, J.S.C.1. 1925, 44, 94T). E. L. 

brazilwood. Under the name of 
Brazilwood certain varieties of the so-called 
“ soluble ” red woods are known, the term 
“ soluble ” being employed to distinguish them 
from the dyestuffs of the barwood class, which 
only with difficulty yield their colouring matters 
to boiling water. These soluble red woods 


, Exported Brazil nuts occasionally include the ven- 
sunuar Paradise or Sapucaia nuts from the allied 
species Leeythis Ollaria L. and L. Paraensis Hub., etc. 
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give a bnght-red shade with alaminium mor- 
danted fabn<a, which in each case is derived 
from one and the same colouring matter, and all 
are botanically allied m that they consist of the 
wood of various species of Cfciolptma. About 
nine varieties have been employed as dyestnSa, 
of which the following are the beat known : 

Ternambueo or Pemambiico icood is considered 
to be the richest in colouring matter, and is 
the product of the Cssalpinia mski, atrcc which 
13 abundant m Jamaica and Brazil. 

The true Brazilwood is derived from the 
Cxsalptma braziltensts, and is said to contain 
only one half the colouring matter which 
13 present in the Femambuco vanety It is 
obtamed exclusively from Brazil. 

Sappanwood is obtamed from the Casaalpima 
iappan, a tree which is common to the warmer 
regions of Asia The so-called Limawood 
IS a vanety of sappan, and the dyewood imported 
from the Philippine Islands is an mfenor quahty 
of this product 

PtacKwood 13 the product of the Cmtalpinut 
eehxnata which occurs m Central Amenca and 
the northern parts of South Amenca. 

These woods, which are very hard and of a 
deep-red colour, come into the market in the 
form of billets larying m weight from n few 
pounds up to a hundredweight If freshly cut, 
the internal colour of the wood is seen tn be 
light-yellow, but this soon changes to deep red 
in contact with air 

Some vaneties of these woods were employed 
for dyeing purposes m India long before the 
discovery of America, and it is stated that 
when South Amenca was discovered by the 
Spaniards, lo 1500, the northerly portion of the 
country was named Brazil (from braza, fieiy 
red) because this ted dyewood was found there 
in such immense quantities. 

BrasiUn, the colouring principle of Brazilwood, 
was first isolated m a crystalline conation by 
Chevreul (Ann Chim. 1808, [1], 66. 225) and was 
subsequently examined by Bolley (Schweiz, 
polyt Zeitsch. 1864, 9, 267), and Kopp {Ber. 
1673, 6, 446), but it was left to Liebermann 
and Burg (Ber. 1876, 9. 1883) to determine the 
exact composition of this substance, and their 
formula, CigH^iOg, is accepted at the present 
time. To prepare brazilm from the wood itself 
13 a tedious procedure, and the usual method 
of preparation is from the crude ciystallme 
crusts of the substance which are sometimes 
deposited from Brazilwood liquor, an inter- 
mediate product in the manufacture of Brazil- 
wood extract. The crude substance is best 
purified by two or three crystaUisations from 
water to which a little sulphurous acid has been 
added (Gilbody, W. H. Perkin and Yates, 
J.C.S. 1901,79, 1396). 

Brazdin crystallises in two forms, either as 
colourless needles containing 1JH,0, or as 
colourless pnsms with IHjO. It is readily 
soluble in alcohol and water, and dissolves m a 
dilute Bolntion of sodium carbonate with a 
beautiful eanaine-red colour. 

Tetra • acelylbrazilin, Ci,H,(|0,(CjHjO)4, 
colourless needles, mp. 149°-15l® (Liebennanii 
andBurg); frwcsiyliraztZin.CigHnOjlCjHjO),, 
needles, m.p. 105°-106° (Buchka and Erck, Ber. 


1885, 18, 1139); brombrazilin, CigH.jBrO,, 
brown red leaflets (B. and £.) ; dibromkraziUnl 
CigHijBrjOg, leaflets (Schall and Dralle,' 
Ber, 1889, 22, 1550); tetra acetylbrcmbrazilm^ 
C| 4 H 3 Br 0 .(C:H 30 ) 4 , needles, m.p. 203“-^ 
201® (Bushka, Ber. 1884, 17, 685); tetra aeelyU 
dibrombraztlin, CigHgErgOslC^HgO)!, m.p. 
185® (S. and D.) ; tribrombrazilin, CijHiiBr,0. 
(S. and D.); dtchlorbrazilin, CigHuCljOj (L. 
and B.); and teirabrombrazilin, CjjHigBr^O,, 
fine red needles (B. and E.) have been prepared! 

When brazilin is methylated with methyl 
iodide in the usual manner, it gives brazilin 
Inmetkyl ether (S. and D., Ber. 1887, 20, 3365; 
Hetzig. Blonatsh. 1893, 14, 56 ; and Schall, Ber 
1894. 27, 525), Ci4Hii02(0CH3)3. prisms, 
m.p. 139®-139®, which on acetylation yields 
aeetylbrazilin Inmethyl ether, 

m.p. 171®-173“ (Herzig, llonatsh. 1894, 15, 140; 
Schall, I c.). 

A convement method for preparmg large 
quantities of the tnmethyl ether by means of 
s^inm methoxide and methyl iodide is de 
aenbed by Gilbody, Perkin and Yates (le.), 
and asecond method, employed by v, Kostaneeki 
and Lampe (Ber. 1902, 35, 1669), consists In 
metbylatiDg brazilin with excess of dunethyl 
sulphate and alfcah. 

The difficulty experienced in fully methylating 
brazihn is evidence of the presence of an alcohoho 
group; hix% iht tetrameihyl tihtr, 
Cj^HjpOlOCH,),, 

m.p. 137®-] 39®, has been prepared by Schall 
by treating the sodium compound of the tri- 
methyl derivative suspended m benzene with 
methyl iodide at 120® (c/. alto Herzig, le.]. 
From this substance (he following denvatim 
have been prepared: brombrazilin teUamtlhyl 
ether, CigHiBrOiOCHjlf, prisms, mp. 
180®-181* (S. and D., Ber. 1888, 21, 3014); 
and dibrombraztlin fetrametkyl ether, 

CigHgBrjOiOCH,)., 

m p. 215® (S. and D., Ber. 1890, 23, 1432). 

When brazihn is submitted to djy distiilation 
it gives resorcin (Kopp, I.c.}, and Liebermann and 
Burg obtamed resorcin by fusing it with potas- 
sium hydroxide; Herzig (Monatsh. 1906, 27 
743) also obtained protocatechuic acid in this 
manner. With nitric acid brazilm yields tn- 
nitroresorcinol (Reim, Ber. 1871, 4, 334). 

IVhen brazilin, the colouring pnnciple, is 
oxidised under suitable conditions, it is con- 
i verted into brczilein, the true colouring matter : 

C„H„05-|-0=C„H„05 +HiO; 
and for this purpose the action of air on an 
alkaline brazUin solution, of alcohoLc iodine 
(Liebermatm and Burg), of potassium nitrite and 
acetic acid (Schall and Dralle), of nitric acid in 
the presence of ether (Buchka and Erck), and of 
sodium lodafe (Slayer, Chem. Zentr. 1904, u. 
228) on brazilin solutions have been employed 
It was, however, shown at an early period by 
Hummel and A. G. Perkin (J.C.S. 1882,41,367) 
that braziiein, CisHijOg, is readily obtained 
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by the atmospheric oxidation of an ammoniacal 
solution of Brazilwood extract. 

BraziUin consists of minute plates possessing 
a strong metallic lustre, and by transmitted 
light a reddish-brown colour. It is very 
sparingly soluble in all the usual solvents and 
cannot be recrystaUised in the ordinary manner. 
It is in reality the colouring matter of Brazilwood 
and possesses strong tinctorial property. 
Alkaline solutions dissolve it with a deep-red 
coloration which on standing in air passes 
gradually to brown. A study of this oxidation 
by SchaU and Dralle led to the isolation of 
/3-resorcylic acid and a substance, 
brownish-yellow needles, m.p. 271°, which gave 
a diacetyl compound, m.p. 148°-149°, and a 
dimethyl ether, m.p. 169°-170°. When the latter 
was oxidised, ^-resorcylic acid monomethyl ether 


MeOj/^OH 

I JcOOH 


was produced. SchaU and DraUe considered 
that the compound, CgH 604* was a pheno-y- 
pyrone derivative, and this was confirmed bj’ 
Feuerstein and Kostanecki (Ber. 1899, 32, 
1024) who assigned to it the constitution : 



Thus the dimethyl ether, when liydroly.sed with 
sodium ethoxide, gave formic acid and fisetol 
dimethyl ether; 


MeO 



OH 

CO-CH„-OMe 


a substance which had already been obtained 
in a similar manner by Herzig (Monatsh. 1891, 
12, 178) from fisetin tetramethyl ether. Final 
confirmation of its structure was afforded by 
s 3 mthesis (Pfeiffer and Oberlin, Ber. 1924, 57 
[B], 208 ; and- Konermann, ibid. 1925, 58 [Bl, 
1947). 


Our chief knowledge of the constitution of 
brazUin is due to the investigations ofW. H. 
Perkin and his pupUs, who obtained important 
results by the oxidation of brazilin trimethyl 
ether with' potassium permanganate and also 
with chromic acid. 

When brazilin trimethyl ether is oxidised with 
permanganate it gives, in addition to oxalic, 
acetic, and formic acids, the foUowing. com- 
pounds (Gilbod 5 ', Perkin, and Yates, l.c. ; 
Perkin, J.C.S. 1902, 81, 1014; Perkin and 
Robinson, ibid. 1908, 93, 489) : 

(1) m-Hemipinic acid (I), i-.5-dimethoxy-2- 
carboxybenzylforniic acid (II), and ^'.5-dimethoxy- 
2-carboxybenzoylformic acid (III). 


MeO.^^COOH 


MeOl 


COOH 


I. 


MeO^^.COOH 

Meol^JcHj-COOH 

II. 


MeO 

MeO 


COOH 

CO-COOH 


III. 


The isolation of these acids was important since 
they showed that brazilin contains a catechol 
nucleus and the presen ce of the two orthohydroxyl 
groups accounts no doubt in part for its tinctorial 
properties. Substances (II) and (III) represent 
intermediate stages in the formation of m- 
hemipinic acid. 

(2) 2-Carboxy-5-melhoxyphenoxyacelic acid 
(IV), and the acid (V), the latter, no doubt, 
being that product of the oxidation which is 
anterior to the formation of (IV). ‘ 


MeOr^NoCH.COOH 


COOH 

IV. 


MeO/'^,OCH2CH(OH)COOH 


’2 

jcOOH 

V. 


(3) Brazilie Acid (VI). When warmed with 
sulphuric acid this is converted into anhydro- 
brazilie acid. (VII), the structure of which was 
confirmed by the synthesis of its methyl ester. 
A solution of the methyl ester of 6-hydroxy-4- 
methoxybenzoylpropionic acid in ethyl formate, 
when treated with sodium, gave the methyl 


Me' 



.. .C(OH)CH2-COOH 
CO 


MeOr^\^°'^CH 


/CCHoCOOH 
CO 
VII. 


ester of anhydrobrazilic acid. This interesting 
synthesis may be represented as follows : 


MeO 


L^^LcoCHj-CHj-COOMe 

MeO('''^\oH CH-OH 

II 

k^^'CO— C— CH 2 -COOMe 

MeOr^\'^°\CH 



CO 


XCHo-COOMe 



70 


BRAZILWOOD. 


(4) i?ras»f»nic AcW (VIII). The constitution 
of this acid has been conclusively demonstrated 
by its synthesis, which has been effected by the 
interaction of m hemipinic anhydnde with 
ethyl wi-methoxyphenoxyscetate in the prcsenco 
of aluminium chloride : 

n .OC;''^,OMe 
O CH,-COOEt+0<^^ I 


\CO COOH 


MeO|'-'^O-CHj-C00H 

0 

MeO OMe 

vin. 

A later synthesis of brazilimc acid is recorded 
by Ray, Suooja and Wadha (J. Indian Chem. 
Soc. 1933, 10, 617). 

When brazilinio acid is reduced with sodium 
amalgam it is quantitatively converted into 
dihydrolirazibnK acxd, C],,H|gO,, wluch at once 
loses water with the formation of the lactone 
CjjHigOg. To Synthesise the latter com* 
pound, m'heaipinic anhydnde is coodensed with 
resorcinol dimethvl ether to form 2-hydroxy 
4 4':S'-tnmethoxybenzoylbenzoic acid: 


MeO 



iOMe 


^OMe 


When reduced with sodium amalgam, this aad 
gives 2-m.mecanyl S-methoxyphenol (LS), and 
this by the action of chloracetic acid and 
potassium hydroxide is converted in to the lactone 
ofdiiyiiroibraziiimcacidfX;. Dihydrobrazihiuc 





MeOr'''''^0 CH,-COOH 


u- 




MeO 

X. 


add itself is accordingly represented by formula 

(XI). 

M e O • C H s' C O O H 

OH COOH 




XI. 

As a result of this work the following con- 
stitution (XII) was assigned to brazihn by 
Perkin and Robinson (l.c.) and is in complete 
harmony with the facts above enumerated. 


HO; 





xm. 

V. Eostanecki and his co-workers (le) 
oventuaUy considered that brazilin possessed 
the formula XUI, and such an expression 
also represented the final conclusion of Henig 
and PoUak (Monatsh. 1901, 22, 207; 1906, 27, 
743; Ber. 1906, 39, 267} as to the structure 
ofthis colouring principle. Such a configuration, 
however, was untenable, since it did not account 
for the production of hrazilinic acid by the 
oxidation of trimethylbraziim (I e.), and, 
indeed, later work has confirmed the correctne's 
oftbe formula proposed by Perkin and Robinson 
(*•«•)- 

OMation of TrimethyUiTazilin ttuiA 
Acid. — When trimethylbraziim is oxidised with 
chromic acid it is converted into trimeHtyl- 
braalone (Gilbody and Perkin, J-C.S. 1902, 81, 
1040); this, by further oxidation with per- 
manganate, gives the same products as are 
obtained directly from trimethylbrazilin by the 
use of this latter reagent. 

The reaction evidently proceeds as follows 
(Perkin and Robinson, l.e.) : A disruption of 
the central linkage of trimethylbraziim firs* 
occurs with the formation of an unstable dike- 
tone (XIV) and from this by aldol condensation 
tniaetfaylbrazilone (XV) is produced. Thu 
formula represents trimethylbrazilone as a 
denvative of both coumaran and tetrahydro- 
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naphthalene, and affords a ready explanation of 
the decomposition products of this compound. 


MeO 


'CHo 

I ' 

CO 

OC CH= 

w 



OMe 


0-Triacehjlbrazilone (+0-6H2O), m.p. 187“ 
(decomp.), and 0-iribenzoylbrazilone, m.p. 205“ 
(decomp.), have been prepared (Perkin, Ray and 
Robinson, J.C.S. 1928, 1513) by oxidising the 
corresponding brazUin derivatives with chromic 
acid. 

By the action of alkalis, or acetic anhydride 
and other dehydrating agents, trimethyl- 
brazilone is converted into anhydrolrimethyl- 
braziione (XVI), the formation of this sub- 
stance being due to elimination of water from 
the aldol grouping. Anhydrotrimethylbrazilone 
is thus a derivative of /3-naphthol and it 
possesses many of the properties of this sub- 
stance, e.g., it is soluble in dilute alkali and 
such a solution gives with diazobenzene chloride 
a red azo dyestuff. 



MeO OMe 


XVI. 

MeO,-^\^°\CH, 



MeO OMe 
XVIT. 

When ti’imethylbrazilone is boiled in acetic 
acid solution with phenjdhydrazine, reduction 
takes place and deoxyirimethyJbrazilone (XVII) 
is produced; 


The establishment of the formute XVI and 
XVII for trimethylbrazilone and deoxytri- 
methylbrazilone respectively is due to the 
synthetic work of Perkin, Ray and Robinson 
(J.C.S. 1926, 941 ; 1927, 2094; 1928, 1504) (c/. 
also Pfeiffer and co-workers, Ber. 1924, 57 [B], 
208; 1925, 58 [B], 1947; 1927, 60 [B], 2142; 
1928, 61 [B], 294, 839, 1923; 1929, 62 [B], 
1242 ; 1930, 63 [B], 1301 ; J. pr. Chem. 1931 (ii), 
129 , 31). The synthesis of deoxytrimethyl- 
brazilone by the former authors was effected as 
follows : Protocatechualdehyde condensed with 
7-methoxychromanone in acetic acid solution by 
means of hydrogen chloride gave 3 : 4-dihydroxy- 
benzylidene-7 - methoxychromanone (XVTII), 
from which, by reduction, the saturated ketone 
(XIX) was produced. On methylation in the 


MeO, 



OH 


MeOi 



XVHL 


\CH, 


CH— CH, 


XIX. 


OH 


usual manner, (XIX) yielded ^-homoveratryl-l - 
methoxychromanone and from this, by the 
dehydrating action of phosphoric anhydride, 
deoxytrimethylbrazilone, identical with the 
product from natural sources, was obtained. 
The structure (XVII) assigned is again confirmed 
by the fact that on oxidation with ferric chloride 
deoxytrimethylbrazffone is converted into 
tsobrazilein ferrichloride trimethyl ether {vide 
infra). 

By reduction with hydrogen and a palladium 
catalyst (Perkin, Ray and Robinson) deoxytri- 
methylbrazilone gives the di%dro-derivative 
(XX), and this, when oxidised with chromic 


MeO 



XX. 

acid in acetic acid solution, passes into tri- 
methylbrazilone. 

Syntheses of deoxytrimethylbrazilone and 
trimethylbrazilone have again been effected by 
Pfeiffer and co-workers (i.c.) by methods similar 
to those detailed above. 

The constitution of deox 5 rtrimethylbrazilone 
as proved by synthesis, led Perkin, Ray and 
Robinson to suggest the tautomeric system 
^^T~^''^T^T=^XX1II for trimethylbrazilone. 


The phase XXI must be, at least, an inter- 



mediate m the formation of a anhj drotnmethtl- , 
brazilone under the mf uence of aqueous alkalis, 
wlulst XXni ofiers an explanation of the 
remarkable behaviour with phcnylhydrazine. 
Nevertheless, XXI ard XXIII can only be 
related through XXII. which seems to be the 
most satisfactory single expression of the 
whole character of tnmethjlhraiilone which it is 
possible to select. 


MeO, 



xxin. 


The reduction of tnmethylbrazilone in ethyl 
acetate by means of amalgamated alnmininm 
yields a compound, m p. 129°ldeeomp ). to which 
the composition C,,Hj(,O,,0 5HjO la pro 
visionally assigned IVhen reduced with zinc 
dust m alcofaobc acetic acid solution, trunethyl* 
brazilone yields the intramolecular pinacol, 
Irtmelfiyldifiyirobrazilone (isofrime/Ay/c/iAm/ro 
(rarileinol), m.p leTMGS” 


MeO, 



Thb exhibits the reactions expected of a tri 
metbyldihydrobrazileinol, and on redaction in 


strongly acid solution gnes deoxytrimethjl. 
brazilone (I’erkin, Ray, and Robinson). 

According to Pfeiffer, Hilpert, and Schneider 
(J. pr. Chem. 1933 [u], 137. 227). catalytic 
reduction of tnmethylbrazQone yields the di- 
hydro-compound, trimelhylbrazilonol (XXIV), a 
substance which is also obtained, mixed with 
a- and ^-tnmethylbrazilopmacones, when the 
reduction is effected with magnesium and 






acetic acid The o- and ^•tnmethylbrazilopms* 
conca are reconi cried into tnmcthylbraiiloDC 
by oxidation with chionuc acid, whilst the 
tsomeride on further reduction with magneeinm 
m acetic acid gn cs nse to tnmethylbrazilosol. 
The isomerism of these compounds is attributed 
to pinaconc formation at different CO groups. 
Tnmcthjlbrazilonol is nnimolecular and u 
oxidised bj chromic acid to dihydrobrazflinie 
acid, with methyl sulphate and alkali it 
gives a mithyl ether to which the cjclic formula 
XXV IS assigned on account of its freedom from 
active hydrogen group. 

By reducing tnmethylbrazUonc with sodium 
amalgam in the presence of alcohol and acetic 
acid, Pfeiffer and Schneider (J. pr. Chem. 1934 
[u], 140, 9) obtained a-anhydrotrimethyl- 
brazilone, tnraethylbrazilonol, p trimethyl- 
brazilopmacone, and the stercoisomericles o 
and p InmethyliUobrazilin. n-TrimethylfllZo' 
brazQin, to which formula XX\T is ascribed, 
contams no active hydrogen and docs 


MeOi 




''CH, 
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not form an oxime. By the action of acetic 
anhydride and sodium acetate o- and jS-tri-^ 
raethylflitobrazilin yield the same acetyl deriva- 
tive, and from this by hydrolysis with dilute 
acetic acid a-trimethyWtobrazilin is readily 
produced. On warming with alcohol and a 
little sodium hydroxide solution, the ^-isomeride 
passes quantitatively into the a-compound. 

Brazilein. — To brazilein Periun and Robinson 
(i.c.) assigned the constitution : 





A triacetyl derivative, yellow leaflets, m.p. 203°- 
207° (Schall and Dralle, Ber. 1890, 23, 1434), and 
a trimethyl ether, which crystallises in two 
modifications melting at 160° and 178° respec- 
tively (Engels and Perkin, Chem. Soc. Proc. 
1906, 22, 132), are described. 

When brazilein is dissolved in sulphuric acid 
and the solution is diluted with acetic acid, 
minute orange-red prisms of hobrazUein sulphate 
Ci 8 Hii 04'S04H, separate (Hummel and 
A. G. Perkin, J.C.S. 1882, 41, 367), and this, on 
treatment with alcohol, gives the basic sulphate 
Ci 6 Hij 05 (Ci 4 Hii 04-S04 H)j, which crystal- 
lises in red needles. Hydrochloric and hydro- 
bromic acids at 100° give isobrazileinchlorhydrin, 
C16HUO4CI, and \sohraziUinhromhydriny 
Cl 6 Hu04Br, and each compound consists 
of orange-oolourcd prisms, which are somewhat 
readily soluble in water, forming a solution 
which contains free haloid acid. These interest- 
ing substances dye mordanted fabrics colours 
which are entirely different from those yielded 
by brazilein, and the shades which are produced, 
especially on calico, somewhat resemble those 
given by alizarin. Prom these haloid salts by 
digestion with silver oxide a substance is 
produced known as isobrazilein, which has the 
formula C45H42O5 but is totally distinct from 
brazilein. 

According to Engels, Perkin and Robinson 
(J.C.S. 1908, 93, 1122), whose paper must be 
consulted for the detailed account of brazilein 
and its derivatives, these Jsobrazilein salts are 
derived from 4 : 3-indenobenzopyranol (XXVII), 
and the sulphate is trihydroxy-i:2-indeno- 
benzopyrylium hydrogen sulphate (XXVIII) : 



xxvn. 


HSO4 



It was found, for instance, that when brazilein 
trimethyl ether (XXIX) is treated with sulphuric 
acid it is converted with loss of methyl alcohol 
into the dimethyl ether of isobrazilein sulphate 
(XXX). An orthoquinonoid structure is 
assigned to this and similar oxonium salts. 





XXIX. 



\_/ 

MeO OH 

XXX. 

Crabtree and Robinson (J.C.S. 1918, 113, 859), 
employing ^ butein trimethyl ether, succeeded 
by very simple means in synthesising iso- 
brazilein hydrochloride. By reducing butein 
trimethyl ether (XXXI), the dihydro (benzyl- 
acetophenone) compound (XXXII) is obtained. 
This by digestion with an excess of absolute 
formic acid in presence of zinc chloride is 


MeO 



OH 


V 


OMe 
>OMe 


CO— CH=CH— 
XXXI. 


transformed into isobrazilein hydrochloride 
trimethyl ether (XXXIII). W^ith fuming 
hydrochloric acid at 120°-150° demethylation 
occurs and isobrazileinhydrochlorido is nro- 
duced. 
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By the substitution of ftcetic acid for formic add 
in this reaction the corresponding methyl tto- 
braziloiQ denratire can be obtamed : 


Cl 



The synthesis u this manner of a colouring 
matter so closely allied to brazilio itself by the 
employment of buteio, a yellow dye which exists 
m the flowers of the liulta Jrondota (Perkin, 
J.C.S. 1904, 85, 1459J, is of exceptional iotexeat. 

The commercial preparations of Brazilwood 
known as Brazflwood extract and Brazilwood 
liquor are prepared by boiling the ground fresh 
wood «ith water and evaporatiog the decoction 
thus obtained to Tarioiu degrees of consistency, 
without access of air, or as rapidly and at as 
low a temperature as possible, eg, in vacuum 
pans. 

Dyeing PropeTiiee . — Before dyeing, the logs aa 
imported are rasped to a coarse powder, and 
this is then usually moistened with water and 
allowed to ferment for some weeks. This opera- 
Ijon is performed in order to increose the colour- 
ing power of the wood, and there can be little 
doubt that a considerable quantity of the 
braiilin present is thereby oxidised to the 
colouring matter brazilein. It has been con- 
sidered by some that the fresh wood contains in 
reality a glucoside of brazilin, which, onder the 
Influence of fermentation, is hydrolysed, but no 
evidence baa been forthcoming in support of this 
suggestion. 


Brazilwood and its allies have lost their 
importance in dyeing chiefly because of tie 
fugitive character of the colours they yield. 
In calico-printing, aappan liquor was employed 
for producing steam-reds and pinks, the mor- 
dant used bemg aluminium acetate or stannic 
oxidate, separately' or combined, together with 
some oxidising agent, e g, potassium chlorate or 
a copper salt. It also entered into the com- 
position of steam-chocolates and certain steam 
colours in conjunction with other dyewood 
extracts. These woods were also much used in 
the past along with garancine in dyeing the 
reds, chocolates, and other colours of cheap 
prints. 

In irool-dyemg these woods were applied for 
the purpose of dyemg reds and various shades 
of emret and brown, the wool being previously 
mordanted with alum and cream of tartar or 
oxaLc acid, or with potassium dichromate, in 
which case other dyewoods, e.g. logwood and 
old fustic, were applied in addition. 

In cotton dyeing, peaehwood-red was formerly 
obtamed by first preparing the cotton with 
tannin matter, then mordanting with & etaimic 
ealt, and finally dyeing with peachwood, 
sappanwood, etc. Browns were obtained by 
the use of logwood in addition, with or without 
a final passage through a feme salt solution 
(oitrata of iron). These colours are now 
replaced by others obtained from coal tar. 

A. G. P. and E. J. C. 

BREAD. The history of bread is lost in 
aotiqui^. The drawings which still exist in 
many Egyptian tombs of early date indicate 
the existence of tbe miller and the baker. 

Bread is made by baking dough, which is 
formed by mixing flour or meal with water, and, 
ae a mle, the dough is a fermented one and thru 
contains carbon dioxide. 

The principal ingredient, therefore, in bread » 
the flour or meal which haa been obtained by 
cnisbiog and grinding the cereal in question. 
As a rule the ground cereal is submitted to 
certain purification and sieving processes to 
remove portions of the husk. Although other 
sorts of bread are known, tbe most common 
' Jbnn of bread in rivjlised countries is thatuuade 
from wheat. In Germany there is, however, 
still a big demand for lye bread, but this is of a 
rather different nature from wheaten bread as 
commonly understood in England. The reason 
for the particular use of wheaten flour in making 
bread is that this aubstance forma a characteristic 
elastic mass when mixed with water, due to the 
presence in the flour of a substance gluten (v. 

, p. 76). In other words, it forms what is known 
as dough. 

Bread Ingredients . — The principal ingredient 
Is, of conrse, flour. Wheaten flour consuti 
prindpaliy of carbohydrates (70%), proteins 
i®i% to moisture (12% to 15%). 

The major proportion of tho protein is repre- 
sented by ghadm and glutenin (v. p. 84) and these 
two substances have the property of forming 
with water a colloidal complex which possesses 
eertiia elastic properties ; these account for the 
dough-formmg power of wheaten flour. The 
carbohydrates are principally in the form cl 
.starch, although some sugar (2% to 3%), tbe 
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majority of -which appears to be identical 
with cane sugar, exists. Elour also contains 
some fat, cellulose and mineral matter. The 
mineral matter in white flour is small, but the 
husk of the grain is richer in this respect and, 
therefore, the lower the grade of the flour the 
higher the ash. 

The next most important ingredient in the 
making of bread is the yeast, as most bread 
nowadays is fermented with this substance. 
Modem practice has indicated the general 
preference for -vvhat is known as distfllers’ 
yeast, that is to say, yeast made by the distiller 
as opposed to the yeast made by the brewer. 
While brewers’ yeast is very active in fer- 
menting sugar, this action is considerably 
checked by the presence of flour. Jago (“ Tech- 
nology of Breadmaking,” 1911, 223) pointed out 
the toxic action of flour on yeast fermentation, 
but it would appear that this action is less 
severe when distillers’ yeast is used. For panary 
fermentation distillers’ yeast is not only the 
most active but is also the most reliable. 

Finally, salt is regarded as an essential 
ingredient in ordinary bread; it toughens the 
gluten, steadies and checks the fermentation, 
and is also essential from the point of view of 
flavour. Various enriching materials, such as 
milk powders, fats, etc., are sometimes employed. 

Principles of Panary Fermentation . — ^The 
principles underlying panary fermentation may 
perhaps be best approached by the consideration 
of the making of the simplest possible bread 
with flour, yeast, salt, and water. A dough 
is made with these ingredients at a tempera- 
ture suitable for the working of the yeast, 
normally about 80'’F., and in due course the 
dough begins to rise o-wing to the liberation of 
carbon dioxide. This carbon dioxide formation 
with the subsequent inflation of the dough 
comes, in the first place, from the action of the 
yeast enzymes on the sugar which is present 
in the flour itself. The dough has certain 
elastic and rubber-like qualities varying -with the 
nature of the wheat used, and it is thus able to 
retain a considerable proportion of the carbon 
dioxide which is formed within it and thereby 
rises or inflates. 

_ It might, therefore, be asked why the fermenta- 
tion is continued for some time, as is almost 
invariably the case. The answer is that, in 
order to get the desired bold, upstanding and 
evenly aerated loaf, the dough must be what the 
baker calls “ ripe.” How soon “ ripeness ” 
can be brought about depends upon the con- 
ditions, such as the temperature of the dough 
and the amount of yeast, but it normally takes 
some time. Bread may be made on a variety of 
fermentation systems lasting, for example, for 
periods from as short as 1 hour to as long as 
24 hours, but the majority of bread, particularly 
in England, is made either by a comparatively 
short process of 3 to 4 hours or by an overnight 
process of 10 to 12 hours. If the dough is baked 
before it is ripe, then the loaves will be under- 
sized and will have other defects apparent both 
to the baker and to the consumer. Similarly, 
if the dough has become “ over-ripe ” certain 
defects will be equally noticeable. The ripening 
of the dough would seem to be closely associated 


•with changes in the proteins, which, in bread, 
are principally in the form of gluten. It will thus 
be understood that these fermentation processes 
have to proceed until the dough is “ ripe ” and in 
the correct condition for baking. Only then 
■will the flour being used give the best possible 
loaf, as the gluten -will have obtained a certain 
optimum elasticity. At this stage the dough 
must be kneaded to expel the old stale^ gas 
which it contains, scaled ofi to the desired weight, 
and moulded into the shape desired for the bread. 
It is not, however, baked immediately, but 
again allowed to inflate. During the whole 
of the comparatively long process of ferment- 
ation which has been proceeding in order 
to ripen the dough, the yeast has been converting 
the sugar present into carbon dioxide and 
alcohol. It is, therefore, essential at this critical 
stage that there should be left in the dough 
sufficient sugar to allow the finally moulded 
pieces of dough to inflate again before they are 
baked. Modem evidence suggests that, in most 
cases where the fermentation process has 
been reasonably long, most of the original 
cane sugar present has been used up and, 
therefore, a fresh supply of sugar must be 
available. Broadly speakhig, this fresh supply 
of sugar is in the form of maltose and has been 
produced from the starch during the process of 
fermentation by the enzyme diastase present in 
the flour or other dough ingredients. It is, 
therefore, essential to ensure that at this period 
of fermentation, which is generally kno-wn as the 
pro-ving period, there has been sufficient con- 
version of starch to maltose to provide for the 
necessary gas production. If insufficient mal- 
tose has been formed, there is a grave chance of 
insufficient inflation at this critical proving period 
and the loaf -will consequently be small, close, and 
unappetising. If, however, there remains at this 
stage, or has been produced at this stage, 
sufficient sugar to cause satisfactory gas pro- 
duction with the subsequent inflation of the 
dough, a good loaf is likely to result from the 
baking as the gluten is now perfectly “ ripe,” 
and, therefore, the final loaf -will be bold and 
light, have a pleasing even texture, and -will be 
the spongy and easily digestible material desired. 

Other systems of charging the dough -with 
carbon dioxide gas are Imown. Sometimes 
leaven or sour dough is used instead of ordinary 
compressed distiller’s yeast or the gas is formed 
by the action of acid on sodium bicarbonate, as 
is the case when baking powder is used. As -will 
be seen later, the most popular form of bread in 
Ireland, kno-wn as soda bread, is of this tj^e. 
Modern systems of bread-making -will be 
specifically referred to -under the section dealing 
with bread manufacture. 

Chemistry of Breadmahing . — ^Practically aU the 
bread made in Europe — ^particularly in Eng- 
land — and America and most other civilised 
parts of the world is made from wheaten flour. 
Wheat is -widely grown over the surface of the 
earth, but the flotm obtained therefrom varies 
in its suitability for breadmaking. Very 
broadly, the strongest flours, that is to say, those 
that are capable of easily producing the boldest 
and most pleasing loaves, come from certain 
districts of the United States and Canada. 
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Sacb wheats contain comparatirely laigo 
qnantjtiesof protein which, it has been explained, 
in fiour are mainly m the form of gtateo. The 
gluten la easily obtained when a dough agently 
washed, with kneading, under a stream of water. 
The starch is washed away with the water, but it 
leaves behmd a rubber hie mass which ccmaists 
mainly of protein and is known as gluten The 
flours which are not so useful for the production 
of bold loaves are generally called wei^ flours as 
opposed to the stronger varieties, and these 
normally contain smaller quantities of gluten; 
furthermore, this gluten itself does not have the 
most desirable physical characteristics In 
England flour is generally made from a blenc 
of wheats and is thus of medium strength and 
capable of producing pleasing bread of attractive 
flavour, as many of the weaker wheats in the 
blend, particularly those gronn in England, 
have very good flavonr. 

The flours made from the varions wheats 
containing, as they do, difierent quantities of 
glotea of rjryisgqnaitj’, have diStreot powe» 
of water absorption m making a dough of the 
desired consistency. Very approximately 
dough IS made up by adding to the flour rather 
more than half its weight of water. Although 
etmching ingredients are sometimes used, it 
u not generally recognued that if the dough 
consisted only of flour, yeast, salt, and water. 
It would be an extremely complex substance. 
A dough IS a compheated colloidal system and 
dispersed in it is the unicellular living yeast 
which causes the fermentation and thus 
introduces constant changes both of a chemical 
and of a physical nature. The problem of the 
fermenting dough is a biochemical one. 

An or^ary beaker's dough, besides containing 
the starch, some of which is being acted on and 
gradually converted into various forms of 
sugar; the gluten, the physical condition 
of which 18 regulated by Us colloidal condition 
and thus controls the physical nature of the 
dough i water m various forms of combination ; 
mineral matter, cellulose, fat, etc., also contains 
a number of enzymes which brmg about 
important changes. In a dough there are present 
at least the followmg active enzymes . 

(Ij Zavertase from tie yeast which converts 
the sucrose present in the flour and/or in the 
dough ingredients into invert sugar, 

(2) Diastase from the flour or other diastatic 
material added to the dough, such as malt 
extract, which changes a portion of the sUrrb 
into maltose. 

(3) Maltase from the yeast which converts 
maltose to dextrose. 

(4) Proteoclastjc enzymes from the yeast, 
flour, malt-extract, etc., which tend to soften 
and break down the gluten. 

(5) Zymase from the yeast which converts 
the dextrose and invert sugar into carbon dionde 
and alcohol. 

(6) Phytase which liberates inorganic pbos 
phato from phytin. 

The fermenting dough is thus a most com- 
pheated substance. The most important in- 
gredient of dough 18 the gluten, which consists 
mainly of the two proteins, ghadm and 
glutenin. GJiadin is soluble in 70% alcohol and 


glutenin in dilute alkali. At one time it wu 
tho^ht that the proportion of ghadm to glutemn 
in the gluten of flours of different strengths 
varied and was directly connected with the 
strength, but recent work does not confirm this 
theory. Bhah (Cereal Chem. 1930, 7, 421) 
suggests that in all flours there are equsj 
quantities of ghadm and glutenin (v. p. hi) 
No direct or positive evidence is available as to 
the mechanism of dough ripening. 

It is now recognised that starches from 
different wheats are variously attacked by the 
di&static enzymes present. Mangels (Cereal 
Chem. 1926, 3, 316) has produced evidence to 
suggest that the varying powers of flours to 
produce sugars when autolysed at 27°C. veto 
not due to the varying diastatic powers but to 
the resistance of the starches in question. For 
instance, Durum, which produces sugar readily, 
does not have a highly diastatic extract, hut its 
starch is easily attacked. On the other baud, 
Kent-Jones and Herd, “ Modem Cereal Chem 
istiy, " J fl27, p. 35B, bavebrongbtfoTward evidenre 
suggesting that there are two distinct effects : 

(1) The diastatic power of the flour. 

(2) The resistance of the starches 'to enzymic 

attack. 

Por example, starch from Durum wheat u 
I distinctly less resistant to diastatic attack than 
I starches of other wheats, Oo the other hand, 
the dustatic power of a water extract of Durum 
flour is greater than the diastatic power of water 
extracts of other flours, such as Mamtoba and 
English. 

The Lmtner method of estimating diastatio 
activity does not give reliable and useful indica 
tiona as to the behaviour of a flour in baking 
This ta due to the fact t^t most flour extracts 
cat) easily convert soluble starch into sugar, but 
have varying powers of converting insoluble 
starch into the soluble variety. 

IVjth respect Co the susceptibility of whestea 
starch to diastatic attack, it is now known that 
the system of millmg, the pressure exerted in the 
milling process, the nature and speed of the 
rolls, etc., have an effect. 

As panary fermentation proceeds the dough 
acidity, and at one time it was 
thought that for the best results a pg of 5-0 
had to be reached. The importance of hydrogen 
ion concentration in bread-making, however, 
haa been too much etressed. Fisher snd 
Holton, of the Research Association of British 
end Inah Millers, have investigated the effect of 
hydrogen ion concentration and buffer value on 
the baking quality of flour, and their conclusioM 
are diametrically opposed to those of Jessen- 
Hansen who had advanced the point of view 
of the necessity of the dough ripening to a pa 
of 50, if the best volumed bread was to be 
obtained. Fisher and Halton (Cereal Chem 
1928, 5, 445) state that hydrogen ion concentrs 
tloh is not a factor of great importance in bread- 
making and contributes Lttle or nothing to loa' 
quality. They state : 

“ Extensive baking tests have been carn^ 
Out with a great variety of flours over wiw 
'anges of H-ion concentration (fronf pn ^ 
to 4-20) and varying periods of fermentat'oo. 
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The results of the work appear to confirm the 
conclusion reached in an earlier investigation 
that H-ion concentration is not a factor of 
great importance in determining dough or 
loaf quality. Alterations of H-ion concentra- 
tion brought about in doughs by additions 
of acid several times greater than those 
brought about by prolonged over- fermentation 
appear to have singularly littje efiect on dough 
or loaf characters. Moreover, the efiects 
observed are not always in the same direction, 
e.g. slight improvement of some characters 
and slight damage to others may result from 
increased H-ion concentration.” 

Their conclusions seem to be well substantiated 
and to have been generaUy accepted. 

It will readily be understood, therefore, that 
the fermented dough when it enters the baking 
oven is not simply the same dough as was 
first made but is now filled with gas, and has 
undergone important physico-chemical changes. 

When the baking operation takes place, the 
changes are stiW more marked and consequently 
more obvious. A certain proportion of the 
starch becomes gelatinised and consequently 
more highly dispersed from a colloidal aspect, 
while the swollen and hydrated proteins become 
coagulated. This complex mixture is permeated 
with minute bubbles of gas which are responsible 
for the aeration of the loaf and its characteristic 
internal structure. What is known as the texture 
of a loaf is a matter of great importance to the 
baker. For English bread, t.he crumb must not 
bo holey but should be what is called evenly 
vesiculated. If the gas bubbles held in the 
delicate meshwork of gluten threads, etc., break 
from their immediate surroundings and coalesce, 
too coarse a texture may result and, in extreme 
cases, holes may be formed. 

During the baking process dextrin is produced 
on the crust by the action of the heat and steam 
on the starch, and this is largely responsible for 
what is known as the glaze or bloom on the crust. 
A proportion of the residual sugar is caramelised. 
The temperature of the oven soon checks the 
enzymic actions which have been progressing 
during fermentation and the loaf normally jumps 
to its full size in 10 to 15 minutes after placing 
the dough in the oven. The strain on the net- 
work of hydrated proteins in holding the expand- 
ing gas is considerable, but it is essential for 
the production of good bread that the network 
should be strong enough to resist this strain, and 
in this way a bold loaf of pleasing texture is 
produced. 

The miller’s problem, therefore, is to select 
such wheats as will blend well with one another 
to produce a satisfactory flour for breadmaking. 
One wheat may have a small quantity of gluten 
and another a large quantity of gluten ; together 
they balance reasonably nicely in this respect. 
Another wheat may tend to produce a flour 
the gluten of which is too floivy ; this should be 
blended with a wheat the gluten of which tends 
to be stable. If the gluten is either too stable or 
too floAvy the best results cannot be obtained, 
but by suitable blending and care in milling the 
best use can be made of the different wheats. 
The baker has to recognise the particular 
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characteristics of the flour and its behaviour in 
the dough so as to adjust his fermentation process 
to get the best result. For example, the gluten 
of a weak flour breaks down too rapidly if 
the fermentation is at all long and severe and, 
therefore, such flour gives the best bread when 
worked on a short, quick process. On the other 
hand, certain very strong flours definitely require 
a large amount of fermentation to mellow them 
to the correct degree of ripeness and, therefore, 
must be given a reasonably long fermentation 
to get the best results. 

The chemistry of bread has, therefore, been 
principally directed towards : 

(1) The characteristics of flours from different 

wheats. 

(2) The effect of varying methods of fermenta- 

tion. 

It is essential that the flour should have a 
reasonable amount of protein or gluten and this 
in a good condition, so that it is able to make a 
dough of satisfactory physical characteristics. 
In other words, besides the quantity of protein 
or gluten present, there is the all-important 
matter of its quality, and valuable work has 
been done in this connection by Wood and by 
Hardy. Wood (J. Agric. Sci. 1907, 2, 139, 267) 
attempted to find some connection between the 
chemical constituents of flour, and more 
especially of gluten, and the strength or baking 
behaviour of flour. Wood was one of the 
first to differentiate clearly between the two 
important factors : 

(1) The gas-producing power of the flour. 

(2) The gas-retaining power of the flour when 

made into the dough. 

It was the quality of the gluten in relation to the 
gas-retaining power that chiefly interested him, 
and he was one of the earliest investigators to 
examine gluten from a colloidal point of view. 
He examined the influence of acids on glutens 
observing what happened when gluten was 
suspended in different strength of acid. For 
example, NjlOO hydrochloric acid caused a rapid 
disintegration of the gluten, but when Nj 10 
solution Was used the gluten became tougher and 
less sticky. Wood and Hardy (Proc. Roy. Soc. 
1909, B, 8l, 38) suggested an electronic theory to 
account for the various changes, and this work 
was continued by Hardy (Rep. Brit. Assoc. 
1909), who stated that gluten from the strongest 
and best wheat had of itself neither pleasing 
elasticity nor toughness. These useful pro- 
perties, as far as breadmaking is concerned, were 
merely impressed upon it by the surrounding 
conditions, which in the main were the presence 
of certain electrolytes. Similar work was done 
by Upson and Calvin (J. Amer. Chem. Soc. 1915, 
37, 1295^1304 ; Nebr. Agr. Exp. Sta. 1916, 
Bull. 8). Sharp and Gortner (Minn. Agr. 
Exp. Sta. 1923, Tech. BuU. 19) and Sharp, 
Gortner and Johnson (J. Phys. Chem. 1923, 27, 
942-947) continued work on the colloidal nature 
of flour proteins, but the moat recent work is by 
Bungenbarg de Jong and Klaar (Cereal Chem. 
1929 6, 373 ; 1930, 7, 222, 587 ; 1931, 8, 439 ; 
J.S.C.I. 1933, 52, 391T). These papers mainly 
deal with the colloidal aspect of gluten and its 
two maiii constituents, gliadin and glutenin. 
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and with the electric charges on the two proteins. 
A etndy was made mainly by_ viscosity and 
turbidity into the various colloidal complexes 
formed by these two proteins at various values 
of Pb- Kent-Jones (“Jlodem Cereal Chem- 
istry.*' 1927, p 133) has suggested that for good 
strength the Boar proteins mast have a certain 
degree of dispersion, and that unsatisfactory 
protein characteristics indicate a colloidal nature 
on either side of this mark. This ** optimum 
coagulation theory,” as it has been termed 
(Geddes and Goulden, Cereal Chem. 1930,7. 527), 
certainly fits m with a number of facts, and baa 
received confirmation by the work of Hams on 
the peptisation of flour proteins (Cereal Chem. 
1931, 8, 47, 113, 190, 496). Other investigators 
la America have followed up the work of Harris, 
namely, Geddes, Larmour, etc., and much of this 
work has been reported upon m Cereal Chemistry 
for the years 1930-1931, and some also in the 
Canadian Journal of Research. 

Berlmer and Koopman (Z. ges. Huhlen. 1929, 6, 
67) have utilised the swelling power of gluten to 
evolve a test for wheat and flonr quabty. 

Flour contains varying quantities of phospha- 
tidea and their effect on the baking quabty has 
been mvestigated by Working (Cereal Oiem. 
1928, S, 223) and Sullivan and Near (tbid. 103) 
This work has not so far been extended, althoogb 
Its importance is obvious. 

That part of the chemistry of bread which 
deals with the vatying methods of fermentation 
is unfortunately still very vague in spite of work 
done by the Research Association of British 
and Irish UiUets. There is a marked difference 
between bread made ou a short and on a long 
fermentation system, but btUe scientific data 
has been collected. Bread produced by the 
longer system is, of course, often definitely sourer 
ana to some people too sour. In Scotland, 
however, such bread u appreciated and ordinary 
bread considered to be without taste. 

There is bttle precise knowledge as to the 
changes in the gluten which take place during 
fermentation. It seems unlikely that the 
fermented dongh is the same as first made but 
charged merely with carbon dionde, as some 
authorities think. The fact that there is adefioite 
diSereiKO bettreea hag leroKaUttoa bread and 
short mdicates that certain changes must take 
place. During fermentation there appears to be 
an increased mellowness of the gluten. 

During panary fermentation there is a definite 
loss of weight, as certam dough solids are con- 
verted into carbon dioxide, etc., and thus lost. 
The loss Id weight may be as much as ^ to 2%. 

Dough Teeting Apparatus. — A fairly recent 
development in cereal chemistry is the use of 
dough-testing apparatus. A baker will prefer 
one flour to another because its dough has more 
pleasing physical characteristics, which he knows 
normally result m the production of better 
bread. The chemist shoidd obviously be able 
to measure these physical properties with some 
degree of accuracy, and for this reason various 
machines have been devised. Although a 
number of such machines have been made, 
perhaps the most successful have been the 
Chopin Eitensimeter and the Brahender Farino- 
graph. In the Chopin Extensimeter a sheet of 


dough of definite thickness is blown by air 
pressure into a bubble and the forces in play, 
the work done on the dough and a number of 
other facts are recorded mechanically. Thj 
teat, when properly standardised, gives much 
valuable information as to the physical 
charactemtics of the dough and indicates 
why one dough is preferred by the baker to 
another. The other apparatus, the Brahender 
Farmograpb, measures the force required to 
turn mixmg arms in the dough. The con- 
tuiual mixing, which is at high speed, gradually 
breaks down the dough and, from the nature of 
the force required as the experiment proceeds, 
an indication of the value of the properties of 
the dough for ordmary bread making can be 
obtained. 

Such dough tests, although by no meani 
perfected and still capable of improvement, 
throw a great deal of bght on the usefulness of 
eertain flours for baking and on their colloidal 
stnicttires. 

_ Manufacture of Bread. — Most bread, par- 
ticularly in England, is made with yeast, floor, 
salt, and water, and occasionally with additions 
of enricfaing materials such as millf powder, 
tat, etc. Either short doughs (eg. 2 to 5 
houiB) or long doughs (e.g. 6 to 10 hours) 
are made, the method employed depeadag mi 
its eoitabibty for the business. NaturaUy a 
long dongh has a comparatively small quantity 
of yeast and a fairly lew temperature, while a 
abort dough .certainly has a higher percentage of 
yeaat. Practically all bread is made with 
compressed distillers* yeast. In Australis, 
however, spontaneous yeast is still used, u 
Stances are great for transportation of fresh 
matenal. This spontaneous yeast (commonly 
known as epon yeast) nay be made as 
follows : ■ 

1 6 gallons water. 

1 lb. hops. 

1} lb. bran. 

6 lb. crashed malt. 

9 lb. sugar. 

9 lb, flour. 

40 lb. potatoes. 

The bops and the hran are boiled together for 
25 minutes, stramed into a tub, and cooled 
^own to 160®F. The malt is then stirred 
•o and allowed to stand for 3 hours; the 
bquid IS strained off and the residue well 
■tpieeied. The steamed potato pulp is added 
to the bquor which is cooled down to SoT.: 
the sugar and flour are then added, stirred well, 
and the stock or old” spon ” (3 pints) introduced. 
Dough temperature, 80“F. 

lu Scotland, especially for Scotch batch bread, 
fiorijia are still used. Although both com 
pound and viigm barms are sometimes employed, 
the more usual is the Parisian barm. R 
contains the foUowmg ingredients ; 

= — ‘“S'*’"''- 

Water to make 5 quarts strained liquor at 
125'*F. 

17 lb. flour. 

9 quarts water at 212°F. 

2 quarts old barm. 
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No hops or salt are used in producing this 
barm nowadays. The malt and water at 165°F. 
are mashed for at least 3 hours in the same way 
as for compound harm but without the hops. 
The liquor, when pressed out, is made up to the 
initial quantity with water at a temperature 
sufficient to secure 125°F. in the total liquor. 
The flour is how stirred in by hand and imme- 
diately afterwards boiling water is stirred in to 
gelatinise the flour starch. The “ scald ” is now 
allowed to cool spontaneously to 76°F. for, say, 
16 to 18 hours, when the “ store ” or old barm 
is stirred in. The barm, when “ stored,” is left 
to ferment for three days (72 hours), but it may 
be used on the fourth day and even on the fifth 
day after storing. The period of 72 hours is 
said to result in the sweetest bread and it is 
common practice to make Parisian barm twice a 
week. The barm, if kept cool, will not deterior- 
ate quicldy with age. 

The comparative strengths of yeast and barms 
are as follows : 

1 lb. of distillers’ yeast is equal to about : 

6 quarts of compound barm, or 
9 quarts of virgin harm, or 
7^ quarts of Parisian barm-. 

It is, of course, possible to make straight 
doughs with barm in place of distillers’ yeast, 
although a rather longer time is necessary. 

When the sponge and dough system is em- 
ployed only a proportion of the fiour and water 
together with all the yeast are first used and when 
the fermented sponge is ready it is broken down 
with the remainder of the water and doughed up 
with the remainder of the flour. The main 
quantity of salt is added at the doughing stage. 
This method is said to give particularly good 
flavoured bread and to enable it to be made 
with a minimum amount of yeast. With the 
ordinary half sponge, half the amount of water 
is used in making the sponge and, after it has 
been allowed to ferment, the remainder of the 
water and flour, and all the salt are added. 

In Scotland the quarter sponge system is 
particularly popular. In tto the quarter 
sponge, which is usually set at a low tempera- 
ture, such as 72°P., and is made very stiff, fer- 
ments from 14 to 15 hours. The flour required 
for this purpose has to be very strong, such as 
Manitoba. At the end of this time it is broken 
do^Tn with more water and is then in the state of 
a thin sponge. After about 60 to 70 minutes the 
final dough is made. JTull details of this and 
other methods wilt be found in text-books on 
brcadmaldng, such as Jago’s “ Technology of 
Breadmaking,” London, 1911, Kent-Jones’ 
“ Practice and Science of Breadmaking,” and 
Bennion’s “ Breadmaking,” London, 1929. 

Leaven, that is to say sour dough, is not 
used much in England, but a large proportion 
of the bread in the Strasbourg district and other 
parts of the Continent is made in this way. 
F or the making of rj’e bread, sour dough or leaven 
is almost invariably used. 

In Ireland the proportion of the normal yeast 
bread eaten is comparatively small, as most 
of the flour (probably 60%) is made into 
bread without 5 -east fermentation. For this 
purpose a soft flour is used and a dough is made 


with a little sodium bicarbonate and sour butter 
milk . The acid of the milk liberates carbon 
dioxide, which gives the necessary aeration on 
cooking. Naturally, no fermentation time is 
required. A typical formula would be as 
follows : 

IJ lb. flour. 

J oz. salt, 

\ oz. sodium bicarbonate. 

Approximately'! pint buttermilk or sour milk . 

In order to ensure that there is sufficient acid the 
flour often contains 1 to 2 lb. per sack of acid 
calcium phosphate. 

At one time aerated bread made by injecting 
carbon dioxide into the dough was popular, 
the process having been brought out by Doctor 
Daughlish in 1859. The bread, however, is 
inclined to be insipid and such tasteless bread 
is not appreciated by all people. 

A t 5 rpical 4-hour straight dough process as 
used in England would be as follows : 

1 sack (280 lb.) Soar. 
j 2 lb. yeast. 

4 lb. salt. 

A malt addition would be used in certain 
circumstances and particularly if the flour 
happened to be low in diastatic activity. 
The dough would be made to a temperature not 
exceeding 80°F. and allowed to ferment for 
about 2J hours. It would then be thoroughly 
knocked back to get rid of stale gas and to drive 
the yeast into fresh feeding places. The 
dough would ferment for a further half-hour 
and would then be scaled off. After a short 
recovery period it would be moulded up and 
given its final proof, so as to be ready for the 
actual baking. In a 10-hour or overnight process 
only about 10 to 12 oz. of yeast per sack would 
be required (dough temperature approximately 
78'’F.) and the knocking back, which is par- 
ticularly important in such a long system, would 
take place about an hour before the dough is 
scaled off. 

Bread is either made in comparatively small 
quantities by the small baker or is produced on 
mass production lines in automatic plant. 
Even the small baker to-day rarely mixes 
his dough by hand but employs a dough-mixing 
machine. The “ knocking-back ” of the dough 
is still, however, often done by hand, although 
the modern open pan dough-mixer enables this 
to be done by machinery. The small baker 
normally divides and scales off by hand and the 
dough is hand-moulded. With skilled workers 
excellent bread can thus be made. The secret 
of successful hreadmakipg lies in making cool 
doughs and using plenty of yeast. Also 
thorough and proper “ knocking-back ” of the 
dough is desirable. 

In an automatic bakery not only is the dough- 
making and the “ knocking-back ” automatic, 
but the dough is divided and scaled off by 
dividera and even the preliminary and final 
mouldings done by moulding machines. The 
baking is carried out in large automatic ovens 
which are either of the travelling sole or of the 
swinging tray type. Finally, the bread is cooled 
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jn automatic’ phnts ami, when cooM, is 
wrappeci 

The smaller bakeries u-<e either peel ovens or 
draw -plate ovens In the peel oven each loaf is 
put in more or less separately by hand on a flat 
wooden shovel called a peel In the drawplate 
oven the sole itself draws out. It can, therefore, 
be loaded rapidly and pushed hack into the oven. 

V’anous methods of heating ovens are 
employed , many of the small peel ovens are 
internally fired, that is to say, the fire » bmlt 
up inside the oi en and is removed before baking. 
The oven becomes sufficiently hot, being bnilt of 
heavy bnckwork, to retain the heat for the 
baking process Other types, and particularly 
drawplates, are heated by steam tubes. The 
lubes are hermetically sealed and contain water. 
One end enters or forms part of the furnace and 
the other end of the tube enters the baking 
chamber Katurally a tremendous pressure is 
evohed in these tubes, which have to be very 
carefully made If ill used, however, a burst is 
not unknowTi The steam tubes can be so 
arranged as to give uniform heating and the 
6} stem has been employed for travelling ovens 
These can be fired either by coke, gas, or oil. 
Electneallj heated ovens are occasionally 
emplojed, especially with small types 

Bread Faults — .iltbough certain flours are 
capable of easily giving better breads than others, 
yet much of the cnticisip of bread ta due to 
faults m bakery technicjue Bread for England 
should have an even texture and a bright crumb 
The crust must not be either too hard or too 
soft and normally a fairly Urge loaf volume is 
wanted Aa explained in the section on the 
Principles of Panary Fermentation, the dough 
must bo npe when baked ^luch faulty bread is 
produced by baking the dough in an incorrect 
atato of ripeness, either under npe or over r'pe 
An overripe dough is generally “short ’’and 
’’ snappy,” particularly when being moulded 
The crust of the loaf is ragged and the colour 
likely to be pale The crumb is inchned to be 

? 'eyish and dull and the loaf volume small 
he crumb w ill tend to be very crumbly and the 
loaf stales quickly. Under npe dough lends to 
be fioivy and produces a loaf with too red a crust, 
with a close, heavy and rather dull tevliiie and 
of small volume. 

A frequent cause of complaints in bread is 
holes, and these are mainly caused through poor 
and incorrect moulding. Holes may also be 
brought about by other causes, such os the 
irregular di'persion of the yeast in Ibe water, 
the use of too much dustingflour or cones.and, 
particularly, bad oven practice Cottage loaves 
are bound to have holes if incorrectly “ bashed ” 
When holes are gmng trouble attention should 
be directed to ; 

(1) The moulding 

(2) The fermentation. 

(3) Proof and oven procedure. 

(4) Nature of the flour, particularly with 
respect to seeing if its diastatic rapacity is on the 
low side. 

Another frequent cause of trouble is the 
presence of dough-like streaks. These roav come 
with any flour, particularly if, when it is divided, 
it is allowed to become chilled; undoubtedly 


Uiow flours which tend to have liigh dmvtatic 
cajianty are most likely to give tiouble 

Bread Flaiour and -Nulrifiie 1 alue —Con. 
siderablc attention has been paid m recent y eais 
to the flavour of bread, as it is claimed by 
some people that modern bread is lacking m 
flavour. Nothing ensures satisfactory flavour 
in bread so ’ll ell as the use of cool doughs, 
plenty of yeast and salt, and a correct degree 
of fermentation. The tendency often is (o 
restrict the quantity of yeast and, m an 
endeavour to get the doughs ripe m too short 
a time, to increase the temperature. Thu 
generaUy results m poor bread. Undoubtedly 
the type of loaf is not without influence on 
flavour. The most flavoury bread is generally 
that having a good crust, and the modem 
demand for tin and sandwich loaves must 
necessarily react in reducing the bready flavour, 
which is often appreciated and nowadays 
missed. V’lsser't Hooft and de Leeuw (Cereal 
Chem. 1935, 12, 213) have suggested that 
bread flavour is due to the presence of acetyl 
methyl earbinol which oxidises to diacetyl, but 
klaiden {J SCI. 1938, 55, 143) was unable to 
confirm this. 

It IS naturally important to make a bread as 
attractive aa possible m view of the fact that it js 
probably one of the cheancst and mostnutntiQus 
of all foods. Id general, more calories can be 
bought for a penny as bread than as any other 
common food, wbDe the value of the vegetable 
proteins in the bread la not to be despised. 
\\'hite bread is, of course, generally deficient 
in vitamin B, and for this reason brown bread 
IS eometiiDes odvocated In view of the fact, 
bowever, that bread is commonly eaten with 
other articles of the diet, it does not seem 
logical to attempt to make bread a complete 
food, and the euhstitnlion of brown breaa for 
white 13 not always helpful. Germ breads 
arc certainly richer in vitamm B than ordinary 
wholemeal 'breads, which contains so much of 
the indigestible husk of the wheat gram. The 
slight aperient action of wholemeal, however, 
IS helpiul with certain people of sedentary 
habits 

Hope . — Reference should be made to the 
occasional piesence of this disease m bread 
Fortunately, this is not dangerous to health, 
but ropy bread is extremely unpleasant. H 
bread is kept in a warm, damp place for two or 
three days it may develop rope. It acquires fint 
of all a slightly fruity smell, which rapidlv 
becomes more pronounced and unpleasant, while 
the crumb becomes soft and sticky. The 
trouble is usually brought about by the 
bacterium S. meientencus rul^atue. 

The usual precaution is to cleanse the bsie- 
house by thorough washing, lime-washing the 
walls, etc., and scrubbing the tables and 
troughs with vinegar. B. mesenlerieue vulgatai 
cannot thnve if the is as acid as, or more 
and than, 5 0. When there is danger of rope, 
therefore, about 2 lb. per sack of acid phospha^ 
ora pint of vinegar per sack is often incorporatw 
in making the flour into dough and care sbouM 
be taken to see that fermentation is vigorous 
Above all, the bread should be cooled as rapiulY 
as possible and kept rook Rope natural!'' 



BREAD. 


appears in large loaves rather than small 
loaves as the former cool so much more slowly. 
The pioneer work in England in investigating 
rope was done by Watkins (J.S.C.I. 1906, 
25, 350), and a method for the determination 
of the number of rope spores in flour, and 
factors affecting the growth of B. mesentericus 
mlgatvs in bread are given by Amos and Kent- 
Jones (Analyst, 1931, 56, 672). 

Flmir Trealment . — Reference should also be 
made to the fact that in England, Germany and 
America, but not in Erance and certain other 
countries, the treatment of flour with minute 
traces of chemicals is often carried out, the 
object being to improve either the colour or the 
baldng value of the flour. 

Only those substances which are completely 
h'armless in the quantities needed are employed, 
but the use of certain chemicals and treatments 
enables the European miller to use larger quan- 
tities in his blend of the weaker and flavouiy 
European wheats and stiU to obtain sufficient 
strength in his flour. The practice was investi- 
gated by the Departmental Committee of the 
Ministry of Health (Report of the Departmental 
Committee on the treatment of flour with 
chemical substances, H.M. Stationery Office) 
and their report was published in 1927. Although 
not generally in favour of the practice, they 
realised that there was little or no evidence to 
show that these additions were harmful, but 
they suggested that the use of chlorine, nitrogen 
trichloride and benzoyl peroxide should not be 
allowed. They had little objection to phosphates 
and persulphates, but recommended that if, as 
had been suggested, flours could, be improved by 
physical processes, such as heating, this would 
be the best method of dealing with the problem. 
This report has not been acted upon and at the 
present moment, for example, a large proportion 
of flour is being treated with nitrogen trichloride. 

Commercial plants for the improvement of 
flour by heating are also in operation in a large 
number of mills, and various patents have been 
taken out (B.P. 263897, 338603, 300291, 300537). 
There have been a number of scientific investiga- 
tions into the effect of heat upon flour, some of 
which have been reported upon in “ Modern 
Cereal Chemistry.” Of recent years Herd 
(Cereal Chem. 1931, 8, 1, 145) and Geddes 
(Canad. J. Res. 1929, 1, 628 ; 1930, 2, 65, 195) 
have made valuable contributions to this 
subject. 

In general, certain substances are used for the 
bleaching of flours and others for the improving, 
that is to say, for increasing the baking qualities ; 
some substances also have the dual action. One 
of the most popular, although one of the oldest, 
flour bleachers is' nitrogen peroxide, which is 
usually produced by passing air through a 
flaming electric discharge. The treatment of 
flour with nitrogen peroxide was patented as 
early as 1901 by John and Sydney Andrews, 
although the gas was then produced chemically. 
In 1903 the Alsop patent was granted, the active 
principle of which was again nitrogen peroxide 
but made more conveniently by passing air 
through a flaming discharge of electricity. The 
proportion of air so affected is, however, small. 
This means that the residual nitrite in the flour is 
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practically negligible, usually about two to three 
parts per million. 

Flour contains two to three parts per million of 
carotene and this is responsible for the yellow 
tint in flour. By oxidation (and also chlorina- 
tion) the yellow tint of the carotene is removed, 
but it should be noted that ordinary bleaching 
agents cannot remove the dullness of low-^ade 
flour which is due to the presence of minute 
specks of bran powder. Bleaching involves only 
the removal of the yellow tint and does not 
really alter the appearance of a low-grade flour 
and make it resemble that of a high-grade one. 

A more recent bleaching agent is benzoyl 
peroxide [(CbH.^COIjOj]. This is a powder 
and the bleaching action does not normally 
become effective uErtU it has been mixed into 
the flour for at least 24 hours. The quantity 
used is extremely small, probably in the 
region of 1 part of pure benzoyl peroxide to 
50,000 parts of flour. 

Chlorine and nitrogen trichloride are also 
popularly used, the latter more especially. 
The normal treatment for the latter is in the 
region of 2-3 g. per 280 lb., which is approxi- 
mately 1 part to 40,000 or 50,000. This not 
only bleaches the! flour by taking away the 
yellow tint of the carotene, but it also has a 
marked improving action on the baking quabties. 
The flour tends to become stronger, to have more 
pleasing and elastic dough-like qualities, and to 
produce bolder and better textured bread. 

With respect to thosp substances solely 
used as improvers, the best known are perhaps 
acid calcium phosphate, which has to be used at 
the rate approaching 1 lb. per sack of 280 lb. of 
flour, ammonium persulphate, and potassium 
bromate. These last two substances have largely 
displaced acid calcium phosphate, which was 
used earlier. Ammonium persulphate used 
at the rate of 1 part in 20,000 gives a marked 
improvement to the dough and to the residting 
bread, and the same is true of the use of 
potassium bromate, which can be employed at 
the rate of 1 part in 60,000. There has never 
been any serious evidence that the use of 
these minute traces of chemicals which improve 
bread is in any way deleterious to health, 
although it has to be borne in mind that they are 
definitely prohibited in certain countries and are 
not looked upon favourably by all authorities. 

Staling . — The phenomenon of the staling of 
bread is well known and in recent years there 
have been numerous investigations into factors 
influencing and controlling it. The principal 
work in this field has been done by Katz (Z. 
Electrochem. 1913, 19, 633 ; Z. physiol. Chem. 
1915, 95, 104, 136, 147), who has made many 
contributions over a number of years. It is now, 
of course, thoroughly established that staling is 
not related to loss of moisture, as it will occur 
even when bread is placed in a damp atmosphere. 
Ostwald (Kolloid-Z. 1919, 25, 26) regards 
staling as a simple case of syneresis — the 
phenomenon under which, in course of time, 
all gels separate into two phases, one solid and 
one liquid. This suggestion does not find favour 
with Katz, who associates staling with starch 
retrogradation. Most investigators are of the 
opinion that the change seems to concern 
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the starch gel more than the protein gel and that 
the amount of water soluble polj saccharides la 
smaller with stale bread than n ith fresh. Useful 
guidance on this question generally haa been 
obtained by a study of the X-tay diagrams of 
starches. 

A general survey of this subject was made by 
Katz in R P Walton’s book “A Comprehensne 
Suney of Starch Cheiuistri,” 19J8, Cheaucal 
Catalogue Co 

This matter has also been investigated by 
Washington Platt (Cereal Chem 1930, 7, 1) 
and he w doubtful whether staling can be 
entirely attnbuted either to sjneresis or to 
retrogradation of the starch. Amongst other 
tests, Platt suggests that measurement of staling 
can ^st be determined bj the rate of change of 
the compre«sibilit} of the crumb and proposes an 
apparatus to do this Karicsonyi (Cereal Chero 
1929. 6, 241) prefers to measure atalenes" by 
the viscositj of crumb suspensions Stale bread 
IS not as VISCOUS under his eonditiona as fresh 
bread Katz, for a general test, prefers the 
reading of the ^olume of the crumb when in 
water The crumb is shaken up in water which 
contains some toluene to prevent fermentation 
and the sediment allowed to settle for vanous 
periods The volume of the sediment is 
considerably larger for fresh bread than for stale 

Ko \ erj striking practical proposals have been 
made with the idea of pretenting staling The 
suggestions to keep the bread either very cold or 
verj warm are not practical, and the only 
substances, such as atdehtdes, which seem to 
delaj the onslaught of staling cannot be used 
because of taste On the other band, the 
technique of bieadmaking certainly influences 
the rate of staling Incorrect water adsorption 
and incorrect fermentation tend to pr^uce 
breads which stale undul.v rapidly The dough 
must not be made too warm or too tight and 
certainly should not be oter proved Oils and 
fats tend to delay stahng and the same may be 
said of some malt additions Certain speciabty 
breads certainly keep fre«h longer than normal 
bread Possibly the full hy dration of the gluten 
has something to do with the matter, as there is a 
growing feebng that staleness is, partly at any ' 
mle, associated mtb an laterchange of wafeVi 
from the starch to the gluten of the biead ' 

Analyfical Methods — For analytical methods 
concerning flour, bread and cereal products! 
generally, reference should be made to Kent I 
Jones’ “ Modem Cereal Chemistry,” and to 
‘‘ Cereal Laboratory Methods ” pubbsbed by the 
American Association of Cereaf Chemists (1935 1 
edition) I 

Moisture . — The control of moisture m milling I 
practice and know ledge of the moisture contents 
of flour-null products generally, bread, etc, are 
naturally important. Numerous methods fori 
thw determination exist, but in general the I 
loss of weight shown by the substances when^ 
dried in o\cns at about 100®-119°C. is em ' 
ployed. Jfuch dejiends on the type of oven, 
the temperature, and the actu.-il technique em- 
ployed. A moisture content of 16% m one type 
of oven might begiten as IC|% in another type. 
It is, therefore, necessary to remember that 
moisture contents are only relative. 


It is often important to be able to obtain 
moisture contents of such materials as wheat 
and milling products quickly. Blish and Hitea 
(Cereal Chem. 1930, 7, 99) have desenb^ a 
method in which the moisture content cf 
floor can be determmed fairly accurately in 
5 minutes by the use of calcium carbide A 
1 g sample of flour is mixed with calcium carbide 
in a closed system connected with a mercury 
manometer, and the pressure exerted by the 
acetylene gas produced is proportional to the 
quantity of moisture present. Although some 
of the flour moisture is non-reactmg, this 
appears to be reasonably constant, and hence 
the apparatus can be standardised. 

The Carter Simon oien is in fairly general use 
m a large number of mills, and by utilising t 
temperature of 155‘^C. in a speciaUy designed 
chamber, the moisture content can be deter 
mined with only 15 minutes’ heating 
Actually the samples are usually tested in tn 
plicate, each sample gradually being pushed 
through the oven as new samples enter. It 
therefore, possible to make an accurate deter- 
mination in about half an hour This method 
has been favourably reported upon by Coleman 
and Dixon (Cereal Chem. 1926. 3. 419) 

There are also a number of electrical moisture 
testers available. The Burton Pitt apparatus 
(Canad J Res. 1020, 1, 155) and the Gemsn 
D K apparatus are wired with radio circuits 
and make use of an alternating current of high 
frequency. The strength of the current i» 
altered when damp materials are inserted into 
the condenser on account of differences in tbs 
dielectric constants and these are related to the 
moisture content of the material. Water 
has a dielectric constant of approximately SO, 
while (bat of the solid constituents of wheats and 
flours IS approximately 10. Other eleetnctl 
apparatus, such as the 'fag-lfeppenstall, operate 
on the pnntiple of conductivity'. By' means of 
such apparatus moistarca can be determined in s 
few seconds, but the results must be correlated 
with existing methods and a number of diffi- 
culties arise It is generally possible to obtain 
the natural moistures of wheats fairly easily, 
but when surface moisture enters, as in the 
vase of conditioned wheats, the refafionship w 
I not 80 simple These methods have been 
I investigated and reported upon by Coleman 
(Cereal Chem. 1931, 8, 315) Another system of 
quick moisture determination is that used by 
; Brabender and it is claimed that this has 
I advantages inasmuch as it will give a correct 
result whether the moisture is surface moisture 
nr moisture more closely associated with the 
material m question This method depends on 
the fact that the introduction of a moist matensl 
in a circuit of high frequency has a definite 
“ damping ” effect which can be measured and 
which 13 directly related to the moisture content 
of the matenal It is claimed that the result is 
independent of moisture distribution, tempera 
ture, bushel weight, and fluctuations m the 
current. 

Atk . — The determination of ash is a matter of 
some importance. For example, the ash of (he 
I true endosperm of w heat is probably somethin? 

I under 0 30%, while the ash of pure husk u 
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probably in the region of 8-0%. The ash of a 
milled product, therefore, unless there is any 
extraneous mineral matter present, will indicate 
roughly the proportion of endosperm to husk. 
Normally the cereal substance is burnt in a 
controlled muffle furnace at a temperature of 
approximately 600°C. until all that remains is 
light, flufliy mineral matter. This is then 
accurately and quickly weighed, as the material 
is hygroscopic and tends to take up moisture 
rapidly, and the percentage of mineral matter 
thus determined. Normally such ash determina- 
tions can 'be completed in about 2 hours. A 
number of suggestions have been made for 
shortening this time. Spalding (Cereal Chem. 
1930, 7, 93) has suggested the use of magnesium 
acetate in the presence of oxygen ; Klopfstein 
{ibid. 189) has suggested a method of direct 
weighing. Walters (ibid. 83) has suggested the 
use of lanthanum nitrate in 40% alcohol, while 
Bowen (ibid. 1932, 9, 158) has suggested the use 
of 1 in 19 nitric acid. Whatever method is used 
it is not possible to get reliable results much 
under an hour, although it has been proposed 
by Guillemet and Schell (Z. ges. Getr.-Muhlenw. 
1932, 19, 158) to use a temperature of ],000°C. 
and to obtain an ash, under strictly controlled 
conditions, in 7 minutes. The use of glycerol- 
alcohol to assist ashing is also popular. 

The ashing of bread requires special considera- 
tion in view of the possible loss of chloride in 
the operation. Probably the best results are 
obtained by ashing at 500°C. in the presence of a 
definite amount of sodium carbonate whose 
weight is known from a controlled determination. 

Protein , — ^The protein determination has 
largely replaced the crude method of washing 
out the gluten and weighing it both wet and 
dry. Generally speaking, the protein deter- 
mination is made by the Kjeldahl-Gunning 
method for nitrogen, a factor of 5-7 being em- 
ployed for flour. For certain other cereal 
products, such as feeding stuffs, the usually 
accepted figure for multiplying the nitrogen 
content to obtain the protein percentage is 6-25. 
The digestion of the cereal with sulphuric acid 
and potassium sulphate prior to the distillation 
can usually be completed in a little over an 
hour. It is usual to take 1 g. of the material, 
8 g. of nitrogen-free potassium sulphate, together 
with 20 c.c. of pure concentrated sulphuric 
acid and a crystal or two of copper sulphate. 
As the whole process may take 3 to 4 hours, 
numerous suggestions have been made with 
the idea of reducing the time. Harrel and 
Banning (Cereal Chem. 1929, 6, 72) have investi- 
gated the relation of the quantity of sodium 
sulphate to the time of digestion, while Watkins 
(ibid. 1930, 7, 168) gives data and information 
on procedures which are helpful in saving time 
in doing large numbers of protein determina- 
tions. Davis (ibid. 518) has investigated 
the influence of the catalysts, copper and 
mercury, and of extra heat ; also the effect 
of increasing the sulphate concentration. 
Lauro (Ind. Eng. Chem. 1931, 3, 401) has 
suggested the use of selenium oxychloride to 
speed Up the digestion time. By this latter 
method the time of digestion can be reduced 
from the normal IJ hours to 20 minutes. 


Hydrogen-ion Concentration . — ^The importance 
of the determination of hydrogen-ion concentra- 
tion in cereal substances has diminished of 
recent years, but normally the quinhydrone or 
glass electrode is employed. Colorimetrie deter- 
minations can also be conveniently made and 
these will be found described in Kent- Jones 
and Herd, “ Modem Cereal Chemistry,” 1927. 

Fats . — Fats are normally determined by 
extraction with ethyl ether or light petroleum, 
and difficulties in this estimation have been 
dealt with by Herd (Cereal Chem. 1927, 4, 370), 
who advocates a preliminary drying for one hour 
before direct ether extraction. Herd and Amos 
(ibid. 1930, 7, 251) conclude that direct ether 
extraction in the case of cooked cereal produets, 
such as bread, does not remove all the fat, and 
recourse must be made to the acid hydrolysis 
method. Direct ether extraction gives essen- 
tially a measure of the free fats, but the E^cid 
hydrolysis method gives the total fat content, i.e. 
free fat plus the fat liberated from combination. 

Diastase . — It is of great importance to millers 
and bakers to know to what extent a flour will 
tend to produce maltose when it is digested with 
water, as the quantity of maltose so produced 
seems to run approximately parallel to that 
produced when flour is fermenting as a dough 
and is, therefore, directly related to one of its 
principal characteristics in fermentation. The 
Lintner method has not proved satisfactory, as 
this is based on the attack on a soluble starch 
of the diastase extracted from the flour. What 
is wanted is a method in which the diastase 
acts on the raw starch. Fortunately, the 
method proposed by Rumsey (Amer. Inst. Bak. 
1922, Bull. 8) has proved to be useful. In this 
the flour is incubated with a definite amount of 
water for one hour at 27°C. At the end of this 
period further diastatic activity is inhibited with 
sulphuric acid and sodium tungstate and the 
maltose present in the clear filtrate determined. 
Since its proposal this method has been investi- 
gated by a number of workers. Kent-Jones, 
“ Modem Cereal Chemistry,” 1927, p. 350, has 
suggested a modification suitable for routine 
analysis, utilising the methylene blue volumetric 
method of Lane and Eynon, while Malloch 
(Cereal Chem. 1929, 6, 175) has indicated certain 
modifications which are worthy of attention. 
Ritter (Z. ges. Getr. wesen, 1928, 15, 13) used 
Bertrand’s method of sugar estimation (cuprous 
oxide from reduced Fehling’s solution dissolved 
in acidified ferric sulphate and the ferrous salt so 
formed titrated with permanganate) to deter- 
mine the maltose content after the usual hour’s 
incubation at 27'’C. More recently Blish and 
Sandstedt in a series of papers in Cereal 
Chemistry (1932 to 1934) have advocated more 
precision in this test. The flour is incubated at 
SO^C. with a definite buffer solution for one hour 
and the inhibition with sulphurie acid and 
sodium^ tungstate carried out as before. ■ The 
determination of the maltose, however, is made 
by a modification of the Hagedom-Jensen 
method for the estimation of sugar in blood. 

Proteoclastic Enzymes . — The difficulties attend- 
ing the estimation of the activity of the proteo- 
clastic enzymes in flour are serious, but the 
matter has been carefully investigated by 
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Cairns and Bafley (Cereal Chem. 1328, 5, 79), 
who suggest that the Sorensen formol titration 
method is the most suitable The rxyiBg pro- 
teoclastic powers of such materials as malts on 
doughs can probably best be determined m a 
comparative way by the use of their relative 
slackening action as registered in modem dough- 
testing machines 

Flour Colour —Normally this is determined 
purely comparatively bj use of the Pekar test. 
In this test a slab of flour is dipped in water and 
a sbght darkening of the colour, related to the 
amount of branny specks present, occurs €m; 
drying. The test is open to a number of dis- 1 
turbing tactors as has been pointed out by i 
Alcock and Ediger (Cereal Chem 1923, 8, 410). 
A more recent test is to add to the wet Pekar 
test as soon as it is made a 1% solution of 
pyrocatechol in methylated spirit. On standing 
for about 15 to 20 minutes, this solution picks 
out each individual bran speck present. A 
method for the determination of flour colour 
m which two independent estimat.ons are made, 
one depending on the yellowness due to the 
carotene and the other on the dullness imparted 
to the flour by bran particles, etc., present, has 
been advocated hy Kent Jones and Herd 
(Analyst, 1927, 52, 443) in an effort to overcome 
certain difficulties such as the influence of the 
granularity of the flour, etc , and to obtain 
thereby a permanent numerical record. Flour 
colour has been extensively investigated by 
Ferrari and Bailey (Cereal Chem. 1329, 6, 218, 
347, 457) The companion of crumb colours of 
loaves by visual estimation is rendered difficult 
by variation in texture. The method of Kent- 
Jones and Herd can, however, be successfully 
employed with bread. 

Baelenology — Recent years have seen an 
investigation into the bacteriology of wbeaten 
flour, particularly with respect to the bread 
disease known as rope,” and the onginal 
investigations of Watkins (J S C I. 1906, 25, 
350) have been extended. For a study of tbs 
general bacteriology of wheaten flour, attention 
18 directed to the paper of Kent Jones and Amos 
(Analyst, 1930, 55, 248) and in the case of 
rope to that of Amos and Kent Jones(ibid 1931, 
56, 573f. These inresligstors hsve pointed 
out the widespread nature of Bacillus mesen- 
Uticus and have given a method for its deter 
raination. They have also indicated the 
fermentation and baking conditions under which 
it may best be suppressed. A useful apparatus 
for testing for “ropiness” m bread has been 
designed by Bunzell and Forbes (Cereal Chem 
1930, 7, 465) and Bunzell and Kenyon have 
recently extended the work in a further paper 
(i6id. 1932, 9, 161). Their method depends on 
the sphtting up of hydrogen peroxide by the 
enzyme catalase present in the bactena. 

Sloulds grow easily on bread and trouble from 
this source is occasionally encountered. Most 
mould spores are, of course, killed at oven 
temperature, so that generally the contamination 
comes after baking. The principal moulds 

Penicilliunt glaucum (greenish-blue). 

Jfueor mucedo (white). 

Aspergillus ni'ger (black). 


A {aper on the ‘‘Non-survival of Red Mould of 
the J^onilta Sitopkila Group at Baking Tempera- 
ture” was given by Morison (Cereal ^em 1933 

10,462). 

Gluten. — When wheaten flour is made into a 
dough and then washed cautiously underneath a 
stream of running water, it is possible to 
wash away the starch and leave behind an 
elastic brownish residue which consists prm 
cipafly of protein. This is known as gluten 
Wheat IS the only cereal which acts in this way 
and it IS due to the presence of gluten that wheat 
flour forms its characteristic dough. In con 
sequence of its importance, this peculiar suh 
stance has been investigated by a large number 
of scientists Various flours have quite difierent 
baking properties and so an intensive study into 
the nature of their glutens has been earned out. 
first from a purely chemical point of view and 
later and more successfully from a colloidal 
aspect. It should, however, be remembered 
that gluten is merely something which is left 
behind after a particular operation, namely, 
washing, and it is not a pure substance. 
Although it consists principally of protein. 
It also contains some starch, fibre, sugar, etc , 
which have not been removed m the washag 
operation. Furthermore, it does not contamall 
the proteins of the flour, some of which are 
soluble and pass away with the starch in the 
washing water. The main ingredients, however, 
of gluten are the two well known proteme— 
gliadin and glulemn. At one time the propor- 
tion of ghadin to glutenm was thought to he of 
importance in determining the nature of 
the gluten and hence of the baking quality of the 
flour, but the early methods for the determiaa- 
tion of these two proteins were open to criticism, 
Both these proteins have been extensively 
studied m recent years. Blish (Cereal Chem. 
1933, 7, 421) concludes after a careful survey of 
the literature, particularly recent American 
work, that trustworthy and dependable methods 
for the identification and quantitative separation 
of tho individual flour proteins, other than 
gbadin, are not available. Glutenin is so apt 
to be changed in the extraction methods 
employed that the results are valueless 
GciicraHy speaking, tie American iaTVstegataes 
are of the opyiion that the ratio of glutenm to 
gliadin vanes only slightly between different 
sorts of wheat. Many European chemists, how- 
ever, are atiU of the onginal opinion of Fleurent, 
who thought that in a gluten associated with 
good baking quality there was a definite ratio 
between the glutemn and gliadin. Berlmer 
(Z ges. Getr -Muhlenn. 1927, 64) is of the 
opinion that the determining factors in gluten 
quality are, first, the proportion of ghadin to 
glutenin.and, secondly, the dispersion degree of 
j glutenin. Undoubtedly the colloidal nature of 
I the ghadin glutenin complex has a profound 
effect on the “ strength ” of the flour. 

The function of the two principal proteins, 
glutenin and ghadin, in the chemistry of bread- 
making has already been, discuss^ (p 75). 
Gluten is a colloidal material and its properties 
undoubtedly depend upon the electric charges it 
holds which, in turn, depend upon the elec- 
trolytes present. These points of view arc 
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clearly put forward by Bungenberg de Jong 
(J.S.C.I. 1933, 52, 291T). 

At one time cereal chemists paid a great deal 
of attention to the relative proportions of wet 
and dry gluten obtained from flour, but this 
determination has to a large extent been super- 
seded. A useful survey of the early work on 
gluten and of methods for its quantitative 
estimation in various flours is to be found in 
Jago’s “ Technology of Breadmaking,” 191 1 . The 
modern dough testing machines are essentially 
machines for determining the physical pro- 
perties of the glutens in various doughs. They 
have proved more useful than the earlier 
methods based on the examination of the 
nature of the extracted gluten as the behaviour 
of the gluten depended largely on the method of 
extraction employed. 

Gliadin . — Gliadin is one of the principal 
protein ingredients of flour. It is extracted 
from gluten by treatment with 70% alcohol 
and is a soft, sticky material. It is generally 
stated that, while glutenin gives solidity to the 
gluten, it is the gliadin that does the binding ; 
the gliadin sticks to the glutenin and so prevents 
it being washed away in the process of extraction 
of the gluten by washing. Osborne and Voor- j 
hees (Amer. Chem. J. 1893, 15. 392) have given 
the elementary analj'sis of gliadin as ; 


Carbon 

% 

. 52-72 

Hydrogen . 

. 6-86 

Nitrogen 

. 17-66 

Sulphur 

. 1-14 

Oxygen . . 

. 21-62 


A material which is apparently identical with 
wheat gliadin can be extracted from rye with 
70% alcohol, although rye is not capable of 
forming a gluten. Osborne and Clapp (Amcr. J. 
Physiol. 1906, 17, 231) give the products of the 
hydrol^-sis of gliadin as follows : 


Glycine 

. absent. 

Alanine 

. 2-00 

Valine . 

. 0-21 

Leucine 

. 5-01 

Proline 

. 7-06 

Phenylalanine . 

. 2-35 

Aspartic acid . 

. 0-58 

Glutamic acid . 

. 37-33 

Serine . 

. 0-13 

Tyrosine 

. 1-20 

Cystine . 

. 0-45 

Lj-sine . 

. absent. 

Histidine 

. 0-61 

Arginine 

. 3-16 

Ammonia . 

. 5-11 

Tryptophan 

. present. 

Total 

. 65-80 


It will be observed that there is no glycine or 
lysine but that the proportion of glutamic acid 
is very high. 

Glutenin . — ^The other protein in flour which, 
together with gliadin, forms the major portion 


of gluten, is known as glutenin. It is insoluble 
in water and alcohol but can be extracted from 
dough with dilute alkali. According to Osborne 
and Voorhees glutenin has the composition : 


Carbon . . . 52-34 

Hydrogen . . . 6-83 

Nitrogen . . . 17-49 

Sulphur . . . 1-08 

Oxygen . . . 22-26 

According to Osborne and Clapp (Amer. J. 
Physiol. 1906, 17, 231) the products of hydrolysis 
are : 


Glycine 

. 0-89 

Alanine 

. 4-65 

Valine 

. 0-24 

Leucine 

. 5-95 

Proline 

. 4-23' 

Phenylalanine . 

. 1-97 

Aspartic acid . 

. 0-91 

Glutamic acid . 

. 23-42 

Serine . 

. 0-74 

Tyrosine 

. 4-25 

Cystine . 

. 0-02 

Histidine 

. 1-76 

Arginine 

. 4-72 

Lysine . 

. 1-92 

Ammonia . 

. 4-01 

Tryptophan 

. present. 

Total 

. 59-68 


Glutenin is known as a glutelin. Woodman 
(J. Agr. Sci. 1922, 12, 231) suggested that 
the glutenin from strong flour was chemically 
different from the glutenin from weak flour, 
although by ordinary methods of analysis they 
were indistinguishable. To investigate the 
matter he employed a racemisation method and 
concluded that strong wheat synthesised one 
type of glutenin and weak wheat a different 
type. Bhsh and Pinckney (Cereal Chem. 1924. 
1 , 309) re-investigated this point and eoncluded 
that it is highly improbable that variation in 
the respective flour strengths of wheats is duo 
to difference in the configurations of their 
glutenin molecules, and this view is generally 
accepted at the present time. D. W. K.-J . 

BREAD FRUIT. The fruit of Artocarjnm 
incisa. The trees grow freely in certain tropical 
islands and yield an abundance of nearly 
spherical fruit weighing up to 5 or 6 lb. The 
central portion consists largely of starch of 
which a considerable amount is converted into 
sugar. A larger variety, A. integrifolia, yields 
fruit weighing up to 25 lb. wliich contains seeds 
said to resemble chestnuts in composition and 
flavour. 

The fruits are usually collected green and 
cooked. Or the pulp is removed and dried to 
3-ield a flour having the composition : 

"Water. Protein. Fat. Starch. Fibre. Asli. 

14-3 1-0 0-2 83-8 0-2 0-4 

Pairault (Bull. Assoc. Chim. Suer. 1900-1901. 
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No. 1, 77) g«»e* tlie composition of whole fruit 
from the AntiUea ** • 

Wstrr. Protein. F»t. N free ext. Fibre. Ash. 

4C2 2M 04 45-1 4-2 l-S 

The edible portions of two H&w&ii&Q Tanetics 
are shown by Thompson (Hawau Agnc. Eip- 
Sts. Kept. 1914. 82) to rontain . total aohda 
41-8, 26-9, protein 158. 1-58, fat 019, 052, 
N-free ext. 37-9, 22 7. acids 0-07, 0 11, reducing 
sugars 1-75, 4 93, sncrose 7-7, 0 7, fibre 1*2, I 0, 
ash0 9. M. A. G. Po 

breezes. (Bra««, Fr.) The dust of coke 
or charcoal The coke burner appbea Ihu term 
to the small residual coke obtained in coke 
burning The sifted ashes removed from houses 
19 called " breeie," and sold under that name to 
bnckmakers and others. An arrangement for 
burning breeze is desenbed m J S.C I 1881, 5. 
425. 

BREITHAUPTITE v. Antuiosy. 
BREMEN BLUE and LIME BLUE are 
essentially copper hydroxide, Cu(OH)j. asso- 
ciated with copper carbonate and calcium car- 
bonate respectively, formerly used as pigments 
brewing. The raw matenals employed 
m brewing are water, malt and hops. tin- 
gennjiiated or raw gram, prepared gram and 
sugar are often used as adjuncts supplying a 
portion of the extract, the malt suppiymg the 
major portion. 

Water. — Water as used for brewing most be 
free from metalLc contamination or substances 
which may interfere with the quality of the beer 
as regards taste and appearance Whilst it roust 
bo free from organic pollution, the process of 
brewing includes adequate etcnlisatian so that 
the standard of purity actually necessary in the 
water is not so ugh as m the case of water for 
public supplies. 

If the water supply is soft it must be artificially 
hardened. Normally brewers use well waters 
which are naturally bard. The types used axe 
illustrated by the following table, which includes 
some well-known waters used for brewing pale 
and dark beers. It Will be seen that solt water 
IS used for Pilscner beer. 



Porta per 100,000 


Durtoa. 

Dublin 

Fllseo 

Huttlch 

Ca- 

15-30 

10 

1-3 

11-27 

Mg* 

3-9 

05 

1-2 

3-12 

Na’-bK' 

4 

I 

05 


80*4 

50-100 

1-5 

1-4 

0-12 

Cl' 

4 

2 

0 5 


CO'i 

20 

14 




NO', 

2-10 

— 

_ 



In general terms it may be stated that the 
desirable constituent is either calcium sulphate 
or chloride, present in quantity equivalent to 
10-30 parts per 100,000. Much smaller quan- 
tities of magnesium, sodium and potassium may 
be present. Carbonates m excess of 1-2 parts 
ofCO jper 100,000 are undesirable. Of nitrates, I 
the less present the better, as they have been I 
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foDod to weaken the yeast, and thereby m- 
directly affect the beer. Iron is undesirable as 
it may have an adverse inftuence on colour and 
flavour. The choice between sulphates and 
chlorides is largely one of type of beer, the Burton 
tiTse requiring the former, fuller drinking types 
the latter. The total chloride content including 
sodium chloride and expressed as such may be as 
high as 50 parts per 100,000 when mild ale u 
to be brewed. The actions of calcium salts may 
be represented, not accurately but in their 
general effects, by the following equations 
(W. WTndisch, Woch. Brau. 1913, 80, 514). 

3CaSO*-f4K.HP04 

=.Caj(P0j,+3K*SO4-|-2KH,P04 

3CaC0.-i-4KHjP04 

=Ca,(P04),-)-2K|HP04-|-3Hj0+3C0, 

I Malt, on mashing with water, liberates inorganic 
I phosphates and, the reaction being about pu 5 5, 
I these will comprise both KH4PO4 and KjHPO|. 
Thus calcium sulphate or cnloride will have the 
effect of acidifying the mash, which is desirable 
within reasonable limits, whereas all carbonates 
I wiU have the Teverse effect. Magneeium salts 
I react m s similar manner, but less eSectivelf. 
I Owing to the solubility of secondary magneeium 
! phosphate, MgHP04, the reaction does not 
' go to completion Although Southby re- 
; commended a proportion of calcium to 
! magnesium of 3 . 1, knd many authorities rtili 
bold by this, there is an increasing tendency to 
reduce the proportion of magnesium used in 
hardening brewing water for mashing purposes, 
There is apparent^ enough magnesium normally 
present in malt to supply the requirements of 
I yeast nutrition. On the other hand, it Is 
I considered to contribute undesirably to the 
I flavour and clarification of the beer. The 
' beneficial effect of (he salts in (he water, to which 
must be added those of the malt and hops, 
include notonly yeast requirements but also any 
assistance they may give m influencing the pro- 
perties of tho wort proteins. Globulins, present 
in mall, are more readily soluble in the presence 
of salt^ and coagulable proteins which are 
removed by boiling are assisted in their coagala- 
tion which must bo as complete as possible. In 
this latter respect, colciiiiB and sulphate ions, 
bemg divalent, presumably function more 
effectively than sodium and chlorine ions. 

Hie mam influence ofthe water salts, however, 
IS on the reaction of the wort, which is most 
important. Bicaibonates in the mashing hquor 
have the effect of making the reaction more 
alkabne, as much as 0 3-0 4 unit of pg, wbereu 
other salts of calcium, and, to a much less degree, 
magnesium, have the opposite effect. These 
effects persist in diminishing degree throughout 
the process of brewing and are reflected in 
the reaction of the final product. The desirable 
values of pn ** 1 h® respective stages of brewing 
will be dealt with later. 

Where tho natural water available to the 
brewer does not conform to requirements, it u 
usual to adjust it by suitable means. Of the 
objectionable constituents, nitrates cannot be 
removed, only dilution with nitrate-free wa^ 
is possible. Iron is usually derived from the 
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Green Sands adjoining chalk formations and, 
occurring as ferrous bicarbonate, is deposited 
along with calcium carbonate on boiling. 
Calcium carbonate may be removed by boiling, 
by lime treatment, or by neutralisation with 
sulphuric or hydrochloric acid according as 
sulphates or chlorides are desired for effect on 
flavour. Lactic acid has also been used, and this 
treatment corresponds, at least in some part, to 
what is sometimes practised in lager brewing and 
yeast manufacture, viz., the inoculation of the 
mash, or of a part of it, with lactic acid-forming 
bacteria. The latter process, however, also 
promotes a certain amount of peptonisation of 
the malt proteins, and so goes further than 
merely changing the pu of the mash. If an 
adequate quantity of other salts of calcium is 
already present in the natural water, the 
carbonate should preferably be removed by a 
process other than neutralisation. Of these 
treatment with slaked lime is sometimes pre- 
ferred, the process being usually carried out in 
two stages. The first involves the addition of 
the necessary quantity of slaked lime, but the 
mixture arrives at an equiiibrium with excess of 
both calcium hydroxide and bicarbonate 
present in solution. It is best to heat the 
liquor by steam coils to the temperature 
required for mashing during the progress of this 
reaction. Excess of lime is then neutralised 
by an appropriate quantity of acid sodium or 
potassium sulphate ( J. H. Collett, J. Inst. Brew. 
1931, 37, 274). This process has the advantage 
of removing also iron and carbonates other than 
calcium. The removal of the latter can also be 
effected by neutralisation with acids, the 
quantity added being calculated after previous 
determination of the total alkalinity of the water. 
An arrangement for controlling the rate of 
addition of acid has been suggested by D. 
McCandlish and G. Hagues (J. Inst. Brew. 1929, 
35, 61). After, or concurrently with, the removal 
of objectionable constituents from the water, 
any addition of desirable ones is made, usually 
gypsum or a sjurup of calcium chloride or both, 
together possibly 'svith magnesium salts or 
sodium chloride. In general the stronger the 
beer the larger the quantity of salts desirable. 

Whilst the foregoing remarks apply to the 
brewing of most types of beer, it is not uncommon 
for soft water to be used in the brewing of stout, 
and in some cases, of lager beer. It is hard to 
find theoretical justification for the practice, 
even although empirical grounds (flavour) may 
exist. 

Malting. — Malt is made from barley, occasion- 
ally from -wheat or oats. Types of barley, both 
British and foreign, used in making malt for 
brewing purposes are dealt with in the article on 
barley. The grain is steeped in water, allowed 
to germinate until a certain degree of growth, 
accompanied by softening and “ modification ” 
of the corns, has been attained. The process is 
stopped by drying, and the malt cured by heat 
until the desired depth of colour and biscuity 
flavour have been attained. 

Germination, morphologically, leads to a 
growth of the embryo up the dorsal side of the 
com beneath the outer protective layers, 
accompanied by the development of a number of 


rootlets. The whole corn softens and the con- 
tents become crumbly. Respiration is pro- 
ceeding and loss of solid matter is involved. 
Histologically the cell walls of the endosperm as 
viewed microscopically progressively disappear ; 
first, those in the neighbourhood of the 
embryo and aleurone cells, later those of the 
interior. They are made to re-appear by suit- 
able staining, e.g. with Congo red (J. Griiss, 
Woch. Brau. 1896, 13, 729 ; A. B. Ling, 
Brewers’ J. 1904, 40, 741). Some of the 
starch granules in the -vicinity of the emb^o 
exhibit signs of erosion. In Eig. 1 the advancing 
disintegration of the contents of the grain is 
indicated by shading. A is at 3, B at 6, and C 
at 10 da3’s. D is a transverse section of B 
at ah (Brown and Morris, J.C.S. 1890, 77, 470). 





Biochemically considerable changes are taking 
place. An enzyme, usually termed cytase, is 
responsible for the degradation of certain hemi- 
celluloses, which are partly structural and 
partly function as food reserve. These include 
hexosans which break down ultimately to 
hexoses, and pentosans which similarly yield 
pentoses. Of pentosans there are 8-12% in 
the corn, and, whereas only 3% of this quantity 
is soluble in the barley, from 11-12% of the 
total malt pentosans are soluble (H. Fink, 
Woch. Brau. 1935, 52, 265 ; J. L. Baker and 
H. F. E. Hulton, .T.C.S. 1917, 111, 121 ; H. 
Liiers, Woch. Brau. 1935, 52, 249). Lichenin 
also is degraded by cytase (or lichenase), -which 
apparently is a composite enzyme, the rdtimate 
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products being cellobiose and glucose. The 
formation of p^tase, which is present in amall 
quantity after steeping, continues until the grain 
13 ready to go on the kiln (H. Liiere and L. 
MaUch, Woch Brau 1929, 46, 163). The effect 
of the cytsse activity during gernunation is to 
render the cell walls of the endosperm more 
permeable to enzymes and their hydrolytic 
products From the maltster’s point of viewit is 
to render the malt tender and friable 
A most important biochemical feature of 
germmation is the change in the diastase. The 
active amylase of resting barley is a ^ amylase 
m the sense of Kuhn that is to say, it producea 
maltose in the ^.form, which mutarotates to the 
stable equilibrium of a- and P forms Under 
normal conditions, maltose equivalent to two 
thirds of the starch is formed, the remainder of 
the conversion products being Baker’s «-amylo- 
ilextnn There is a further store of amylase in 
resting barley which can be extracted if auch a 
protease as papain is added to the extracting 
medium (J S Ford and J M Guthne, J Inst 
Brew 1908, 14, 61) This also appears to be 
amylase of the p type, but according to E. 
Waldschmidt Leitz, M Beichel and A. Purr 
(Naturwisa 1932, 20, 254] an inactive form of 
a amylase is also present m barley, and this 
becomes active in toe presence of the activator, 
termed by these authors amylokinase, which is 
present in malt. Other autfiors, H Luers and 
W. Bummler (Woch. Brau 1935, 62, 9), have 
failed to confirm the existence of amylokinase m 
germinated barley Malt contains both o* 
and ^ amylases m the active form, but the 
p enzyme is in excess (E. Ohlsson, Z physiol 
Chem, 1930, 189, 17) The a or dextrinismg 
amylase of malt can be conveniently measured 
by Its action on «-amylodextrin. L Flefcher 
and J. Westwood (J Inst. Brew 1931, 37, 
470) have worked out a method based on this 
principle The same authors {ibid 1930, 

.550) nave also desciibed a method for the 
determination of the liquefying pouer of malt 
amylase based on viscosity measurements 
It IS not yet clear whether or not the two actions 
are due to the same enzyme. The characteristic 
feature of a-amylase, apart from the muia- 
rotation behaviour of its fission products, is the 
comparatively early stage in the starch degrada- 
tion promoted by it, at which the hydrolytic 
products cease to give an iodine leaction. 
Methods of determination based on this principle 
made concurrently with measurements of 
liquefying and saccharifying activities have led 
to the conclusion that liquefaction and dextnni 
sation of starch are not both dependent solely on 
the quantity of a amylase present (H. Luers 
and W. Rummler, I c.). These activities first 
manifest themselves, in anything more than 
traces, on the second or third day of germination, 
whereupon they increase rapidly until abont the 
fifth or sixth day, and then remain jUmost 
unchanged until kilning reduces them by more 
than half. Throughout the period of increasing 
values a greater quantity is extracted water 
containing papain than by water alone, nnd this 
is true also of the saccharifying enzyme (H. 
Lucre. Woch. Brau. 1935, 52, 249). During 
malting, whilst much change occurs m 


quantity and character of the diastase present 
compnratuely little diastatio transformatiou 
takes place. Of the dry matter originally 
present, about 12% is transformed, about 4 % 
passing on by anabolic processes into rootlet 
and embryo tissue and 8% remaining as sugars 
in the malt, most of the latter occurring as cane 
sugar, the rest as reducing sugars other than . 
maltose, which is absent. A further quantity, 
about 7%, H consumed in respiration. 
maltose produced by diastatic enzyme is hydro- 
lysed to glucose by a maltaae which is formed 
mainly or wholly during germination. The 
properties of this maltase, apart from its power 
of splitting maltose, do not appear to be 
identical with the better known maltase of 
yeasts. How the glucose, so formed, is trans- 
formed into cane sugar is unknown. 

The proteolytic enzymes of malt appear only 
during germination. Theyinclude(l) a protein- 
ase, which attacks proteins and peptones, 
degrading them to simple peptides, and (2) at 
least two dipeptidases. The proteinase acti 
optimally at reactions approximating to that 
of tbe isolectnc point of the substrate profem, 
or as near to it as solubility permits. This u 
probably, in the case of barley proteins, at the' 
reaction of the germinating barley, which 
changes from aboutpH^'S to PH®’^®*^rinination 
procAds. The dipeptidases split aUnjlglycine 
and leucylglycine at the optimal pg 7 8 and 8 6 
respectively. The peptidase activity increases 
steadily throughout gerroination, but u largely 
or wholly destroyed on the kiln, according to the 
curing conditions (K. Lmderstrom-Lang and 
M. Sato, Compt. rend. Trav. Lab. Carlaberg, 
1929, No. 17; M. Sato. tbid. 1931, No. 1; 
H. Luers and L. MaUch, Woch. Brau. 1929, 48, 
265, 275 ; R. H. Hopkins and J. A. Burns, J, 
Inst. Brew. 1930. 36, 9 ; R. H. Hopkins and 
H. E. Kelly, Biochem. J. 1931, 25, 260 ; B 
Luers, Woch. Brau. 1935, 52, 249). The 
soluble nitrogen content of the corn increases to 
about twice its original value during the eariy 
days of germmation ; thereafter, although the 
proteinase is still functioning, resynthesis 
m embryo and rootlets roughly balances 
degradation. A considerable transport of 
nitrogen from endosperm to embryo takes place. 
Whereas about 86% of the original barley 
nitrogen was present m the endosperm, only 50% 
of the malt nitrogen is there, about 40% of 
the former having been degraded sufficiently to 
have passed across into the embryo. Probably 
more than 40% has been attacked in less 
degree. 10-25% of the total barley nitrogen and 
25-30^i of the malt nitrogen are soluble in cold 
water. The content of “ formol ” nitrogen also 
undergoes a marked increase during malting. 

The nitrogen content of barley varies between 
1'2 and 2-4% of the dry weight, although such 
barleys as contain about 2% would rarely be 
used for making brewers’ malt. The character 
and quantitative relationships of the proteins are 
dealt with in the article on barley. During 
malting the hordein and glutelm are degraded 
by the proteinase which is secreted or activafeu 
from a zymogen, to yield chiefly non protein 
mtrogenfproteoses and peptones). The decrease 
in quantity of glutelin, e g. from 0 245 to 0 160 g 
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ns nitrogen per 1,000 corns, is not so marked 
as that of hordein, e.g. from 0-206 to 0-075 g. 
(same barley), and ceases sooner. Indeed, there 
appears to be a resynthesis of glutelin in the 
embryo as indicated by an increase in this 
fraction after about the tenth to twelfth day of 
germination {L. R. Bishop, J. Inst. Brew. 1929, 
35, 323). 

The activity of phosphatases, very slight in 
ungerminated barley, inereases throughout 
germination but falls to about half its maximum 
value during kilning. The effect of this enzyme 
or group of enzymes is to liberate inorganic 
phosphates from various organic compounds 
containing phosphorus, proteins, carbohydrates, 
phytin, etc., about 16-30% of the phosphorus 
being so liberated. 

Other enzymes functioning include catalase, 
which increases and falls much as the phos- 
phatase activity, and lipase, which appears to be 
activated from a protein-lipase complex pre- 
formed in the barley. Sulphur, set free from 
sulphur- containing proteins, ultimately forma 
inorganic sulphates. 

The buffer substances derived from malt 
exercise so important a function in brewing that 
note must be made of their formation in malting. 
The cold water soluble buffer substances of barley 
are reduced to about half by steeping, but this 
reduced quantity is increased to two or three 
times as much during the third to sixth day, 
after which very little change occurs either 
during subsequent germination or kilning. 
Concurrently with increase in buffers, the 
of the aqueous barley extracts rises from about 
6-2 to 6-0, falling a little during curing to about 
6-8 (R. H. Hopkins and H. E. Kelly, J. Inst. 
Brew. 1929, 35, 408). 

The selection of barley is usually based on 
inspection of such characters as uniformity of 
shape and size, colour, odour, dryness, apparent 
thinness of skin, whiteness of endosperm (a 
number of corns being cut through in a cutter). 
Analytical valuation, which nowadays can be 
performed in one or two hours, includes deter- 
mination of percentage moisture, total nitrogen 
and thousand com weight, the latter two results 
being always expressed on the moisture-free 
basis. To some extent these factors have been 
taken into account in the subjective (hand) 
valuation. Another important laboratory deter- 
mination is the percentage of corns that will 
germinate. In Germany systems are in use 
whereby a certain number of marks are awarded 
out of a maximum available for each of the above 
features, the highest maxima being awarded 
for uniformity in size, thousand corn w-eight, and 
nitrogen content. As regards the last feature, 
from 1-45 to 1-68% nitrogen secures full marks. 
Valuation by hand examination by experts in 
Great Britain has in recent years placed barleys 
into grades, the mean nitrogen contents of which 
have been found to rise with fall in grade, the 
highest grade often yielding as low a nitrogen 
percentage as 1-2-T3. Quantitatively, the 
value of the barley in terms of potential extract 
can be calculated, if the variety is known, by 
means of the following formula, deduced by L. R. 
Bishop from observations and records of 
barleys and malts made from them, the figures 


being treated statistically. _ The formula applied 
to Plumage-Archer barley is as follows -. 

E= 108-3- 10-5N-1-0-20G, 

where E= extract of the moisture-free malt in 
lb. per quarter, N=nitrogen content on dry 
barley as percentage,' and G=the weight of 1,000 
dry corns in g. (L. R. Bishop and F. E. Day, 
J. Inst. Brew. 1933, 39, 545). For barleys 
other than Plumage-Archer and Spratt-Archer 
the constant 108-3 may have to be altered to 
108-110 for two-rowed and 102-103 for most 
six-rowed barleys. In certain mailings, the 
malting loss may be above or below that of the 
standard malting on which the formula was 
worked out, so that the constant 108-3 can be 
appropriately adjusted. This possibility must be 
kept in mind (L. R. Bishop, J. Inst. Brew. 1930, 
36, 421). 

Alternatively, if the percentage of germinating 
corns is known, the potential extract can be 
calculated in terms of the barley, by means of the 
formula : 

R=[132-15N-i-0-2G(-H-0-3X)]x^, 


where R= extract on the raw barley, 

N=% nitrogen 
G= weight in g. of 
1,000 corns 
X=% dead corns, 
and DM=% dry matter. 

The value, 132, applies to English barley 
generally, 126 would apply to Californian, 128 to 
Indian barley, etc. (L. R. Bishop, J. Inst. Brew. 
1936, 42, 105). 

Unless barley has been harvested under the 
best climatic conditions, its germination is 
markedly improved by kiln drying, either on an 
ordinary kiln or in a drying drum at a tempera- 
ture between 38°-50'’C. (100°-120°F.). The 
wetter the barley, or the feebler its germinative 
vitality, the lower the drying temperature should 
be. Drying should be followed by about two 
months’ storage. Storage- within these limits 
improves a barley, whereas "a barley containing 
16% or more of water would deteriorate on 
storage. Before malting the barley is screened. 

Steeping takes place in either rectangular 
cisterns made of blue brick or cement, or better, 
in conical ones made of iron. In either case a 
false bottom permits the withdrawal of water. 
Steeping occupies from 48-70 hours according 
to the tjrpe and condition of the grain, the 
temperature being 10°-13'’C. (50'’-56°F.). The 
higher temperature shortens the time required 
for steeping and accelerates germination, the 
lower temperature delays matters, but, except 
for this, is not harmful. Excessive steeping 
impairs vitality, deficient steeping may accelerate 
the start of germination, but sprinkling must 
be resorted to subsequently. Good English and 
Californian barleys require less, hard and dry 
barleys, t.g. Chilean and Australian, more 
steeping time. It is important that the steeped 
barley be removed at the proper stage of steep 
ripeness. Previous washing of the grain, fre- 
quent changes of steep water, and intermittent 
aeration are usually carried out. Some maltsters 


} of moisture-free 
barley. 
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include a little lime water in the first lot of steep- 
ing liquor, but the advantage is doubtful A 
little matter, about 1%, is extracted from the 
corns, almost entirely from the husk. One layer 
within the husk is semi permeable, eo that swts 
present in the steep water do not penetrate the 
grain, except in the case of damaged corns 
(A. J Brown, Proc Roy Soc. 1909 (B), 81. 82) 
The steeped barley is dropped from the cistern 
on to a growing floor constructed as uniformly 
flat as possible with tiles or cement. To give 
germination a start the grain is at first often 
heaped up in a deeper layer than it will sub* 
sequently form, known as a couch Respiration 
generates heat, which escapes as rapidly as 
generated only if the germmating gram isspread 
out in a layer a few mches deep To raise the 
temperature it is heaped up, to lower it it is 
thinned out The couch is broken down after a 
few hours, the temperature bemg now about 
13° (55°F ), between which temperature and 
15 5° (60°F ) (or higher abroad) the grain 
IS usually confined during the whole of germina 
tion Turning by euitable tools, to keep the 
moisture and temperature uniform and to 
enable carbon dioxide to escape freely, is 
performed at mtervals Temperature may be 
raised, if necessary, by sprinkling with water, 
after some has e\aporated, ther^y increasing 
respiration, but this means loss of carbohydrate 
matter and loss of extract Too much aeration 
encourages excessive respiration, whereas too 
little weakens germination (H. Schjernuig, 
Compt rend Trav. Lab. Carlsberg, 1910, 8, 
169 { H T. Brown. J. Inst. Brew. 1907, 18. 
394 , 1909, 15, 170). 

The CTain as it leaves the steep usually con- 
tains about 42-45% water ; this is sometimes 
much reduced before it goes on to the kJn. 
If no sprinkling has been practised, the green 
malt will need little special attention, but if 
still rather wet, it must be “ withered ” or j 
dried in air currents till the moisture content is 
down to 40% or thereabouts, or even less. 

In this mechanical age it is surprising that 
machinery is not more often employed. How 
ever, much m malting and brewing is in the 
nature of an art rather than a science. Pneu- 
matic malting in rotatmg drums, m which every 
thing is under control, is practised by some 
maltsters Saturated or dry air as required, 
filtered from dust, thus elimmatmg mould, and 
at any temperature desired, is made to pass 
through the barley from the outer to the central 
channel of the drum. Excessive respiration 
Josses are encountered m this method, but it has 
certain ad\ antages. On the Contment germina- 
tion is sometimes performed in deep layers of 
thr^ to four feet, on perforated floors with air 
sucked through, and turmng is effected by 
powerful mechanical turners (Saladin system) 
Contmental maltsters often leave the malt less 
completely modified than is usual m this 
coi'ntry, less loss by respiration is involved, any 
loss of extract which would normally tesult 
from under-modification is avoided hy the 
scientifically planned decoction-system of mash- 
ing employed. The withered ra^t is now dried 
on a kiln Kilns may have one, two or three 
drying floors made of perforated tiles, iron plates. 


or wire mesh, and situated one above the other 
and surmounted by a conical or pyramid-shaped 
roof with a cowl or, better, a fan to as^t 
draught. Single-floor kilns are usual m Great 
Bntam ; three-floor are rarely found here, but 
sometimes on the Contment. The latter are more 
economical in fuel consumption but more 
difficult to manage. Beneath the lowest floor » a 
suitably shaped iron disperser to distribute the 
beat from the fire as uniformly as possible over 
the kiln floor surface. Tin's may be assisted by 
pipes conveying hot gases passmg under the 
floor, or portions of it. The fire draught is auto 
matically regulated, so that if the temperature on 
the floor rises too high the draught is cut down. 
The actual flue gases pass through the drying 
malt, so that care must be exercised in selecting 
fuel (coal or coke) which is free from arsenic 
On the Continent the malt is heated by ait which 
IS passed upwards through a screen of pipes 
inside which the flue gases are passing. The 
temperature of the green malt is slowly raised to 
about 65° (150°F.) by the end of two or three 
days with considerable draught passing through 
It must not be held too long at such a tempera 
ture as 33°-40° (90°-I04°F.), otherwise enzyme 
action may continue. At this stage (after three 
days) it should be “hand dry” and contain 
about 6% of moisture. If a two-floor kiln is 
used It is dropped from the upper to the lower 
floor for cunng. The temperature u low 
raised, with less and less draught, to the final 
cunng temperature desired and maintained 
there for six to eight hours. Pale malts are 
cored at 88°-91° (1^-195°F.), mild ale malts s 
little higher, and dark malts at 96°-10S° (29S - 
215°F.). The moisture content is now less than 
2%, the malt has a biscuity flavour, theenzvmei 
are destroyed or reduced in activity, and the 
rootlets are withered, reddish-brown m colour, 
and-laigely detached from the corns With the 
minimum 6f exposure to the air, for malt is very 
hygroscopic and must not be allowed to get 
slack even to 4% of moisture, the malt is cca 
veyed to the storage bins, which must he kept 
airtight. Sometimes it is screened, to free it 
from withered rootlets or culms, before it w 
stored, sometimes afterwards, just before 
brewing. 

In the" W’lnkler ” system ofkilmng, occasion- 
ally practised, the green malt is loaded at a great 
depth, three feet or more, and hot flue gases are 
blown through by means of a powerful blower 
Drying is effected very rapidly, the malt 
being rushed past the danger zone in which 
high temperature and moisture coincide so 
quickly that little harm is done. Further, 
the very rapid evaporation set up reduces the 
actual temperature of the malt itself much below 
that of the gases passing through. 

The extract yielded by malt, expressed as 
pounds per quarter (of 336 lb.) {see analysis), 
ihoald be about 100 for a good home barley, and 
94 for a good six-row Mediterranean type (e ? 
Cahfomian), these figures assuming the moisture 
to bo not more than 2%. Lower figures suggest 
poor quahty barley (small corns, high nitrogen 
content) or under modification. The latter ^ 
sometimes indicated by a large increase of 
extract, determined analytieaUy, when the man 
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is ground very finely as eompared with standard 
grinding. Continental brewers express extract 
in dry solids as a percentage of the malt 
(“ Plato ” scale), the results being very nearly 
0-80 of the corresponding British result. The 
diastatio power, in degrees Lintner, should be 
very roughly 20, 30 or 40 ; the colour or tint, 
in Lovibond degrees, should be 10, 7, and 4 
respectively, corresponding to dark, mild ale 
and pale malts. The Lintner value should be 
considered only in conjunction with the colour. 
High nitrogen is normally accompanied by 
relatively high diastatic power. The per- 
centage of solids soluble in cold water should be 
about 18-21 for home malts, and one or two 
units lower for, e.g. Californian. The quantity 
of permanently soluble nitrogen in the 10% 
wort prepared for extract determination, 
expressed as a percentage of the total malt 
nitrogen, is a useful result, both as an index of 
(protein) modification and of yeast feeding 
properties of the malt. 

No wholly satisfactory criterion of the degree 
of modification of malt is yet available, although 
many have been suggested. This is because the 
various enzymes functioning during germina- 
tion may not do so at the same relative rates in 
different barleys and under different con- 
ditions of malting. The respective stages of 
protein degradation, of starch degradation, 
changes in the character and quality of water 
soluble diastase, formation of other enzymes, 
cell wall dissolution, production of soluble pento- 
sans, all these processes may vary in rate 
relatively to one another. Most of the changes 
have attained approximately their maximum by 
the fifth or sixth day of germination. After this, 
re-synthesis approximately balances degradation, 
so that most of the proposed methods of measur- 
ing modification give approximately constant 
results after the fifth or sixth day. f Modification, 
as required in malt for infusion brewing purposes, 
is far from complete in six days. 

Coloured Malts . — ^Por brown ales, stout, and 
porter a proportion of darker malts, about 10%, 
is used in the grist. Amber malt is made by 
keeping the green malt wet until a high Idln 
temperature is attained. The diastatic power of 
such is low, about 10-15 degrees Lintner, and 
the colour high. Crystal and roasted malts are 
usually obtained by heating to high tempera- 
tures in rotating drums in a manner analogous 
to the roasting of coffee beans. In the case of 
crystal malt, it should be sprinkled with sugar 
solution before roasting. 

Mall Adjuncts . — These include: (1) maize 
grits and other forms of raw grain, which have 
to be gelatinised in a converter heated by steam 
with the aid of a little malt grist before running 
into the mash tun, (2) flaked maize or rice which 
has virtually been treated in the above maimer 
and dried and may be mixed with the grist 
before mashing, (3) invert sugar, glucose 
(occasionally raw cane sugar, refined cane or 
beet sugar), which is usually added to the 
contents of the brewer’s copper. Sugars assist 
clarification of beer, and in general yield a 
sweeter product, which is what is in demand in 
certain areas. Both types of malt adjuncts, 
grain and sugars result in dilution of the 


nitrogenous matters present in the extract 
derived from malt, and this, if carried too far, 
and in low gravity beers particularly, may 
lead to insufficiency of nitrogenous yeast 
nutrients, and lack of fullness of flavour and 
other properties associated with proteins and 
peptones. 

Hops give flavour to beer and contribute 
antiseptic matters, which is one of the reasons 
why beer is so free from pathogenic organisms. 
The hop, Humulus, is a dioecious plant, and the 
part used by the brewer, the hop cone, is the 
inflorescence of the female (Fig. 2). 
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s6 “stipularbract" b “bracteole” 

(From Percival’s “Agricultural Botany," 1900, p. 325, 
Buchuorlh & Co.) 

Normally' the flowers in English and American 
hops become fertilised, and in such seeded hops 
a much greater yield per plant and per acre is 
thereby secured. In Central Europe fertilisation 
is prevented by exclusion of male plants from 
hop-growing areas, and a smaller cone is ob- 
tained, but of excellent quality in regard to 
aroma and preservative value. American hops in 
general have the highest preservative value of all, 
but many varieties possess an aroma resembling 
that of the black currant leaf, which causes most 
British brewers to use such hops either sparingly 
or not at all. 

The chemical composition of hops is as 
foUows 

% of dry matter. 


Mineral matter .... 5-9 

Protein matters . . . 12-24 

Resins 11-20 

Tannins 2-6 

Essential oil 0-4-0-8 


together with cellulose, pentosans, pectins, 
colouring matter, and organic acids. The 
mineral portion includes potassium, calcium 
and lesser quantity of magnesium combined as 
phosphate, silicate and sulphate. Of the 
nitrogenous matter, the quantity which dissolves 
and is permanently soluble in practice approxi- 
mates to the small quantity of malt proteins 
coagulated by boiling. It appears to be mainly 
assimilable by the yeast. 

The tannins (H. Bilgram, Wocb. Brau. 1931, 
48, 493), which include phlobap/ien, function as 
very weak acids, more readily soluble the more 
alkaline the reaction of the boiling wort. They 
function to some extent by precipitating pro- 
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teins, but it is not cleat Low far this takes 
place dunng boiling anti how far tannin protein 
bodies cause objectionable hazes and turbidities 
later in the process. The organic acids of 
the hops are to some extent extracted and, either 
by precipitation as c.-ilcium salts, or otherwise, 
function to increase the acidity of the wort 

The essential oil contains the ahphatic hydro 
carbon myrc«7i«, bp. 166“— 16b®, a 

sesqniterpenciumiilene, b p 263“-266“ and much 
smaller quantities of other bodies (A C. Chap- 
man, JCS 189j, 67, 783, 1903, 83. 505; 
152s, 1303) So far as hops used in the copper 
are concerned the oil is largely aolatiheed in 
the steam and lost, but a little flavouring 
and aroma may be imparted by the hops added 
to the beer in cask 

The most important constituents of bops 
are the antiseptic resma. Uitmvlon, 
an unsaturatcd crystalline compound (Wollmer, 
Ber 1916, 49. 780 , Wieland, Ber 1925, 58. 
[B], 102, 2012), reamifies easily to produce 
thea resin. Xupulon, C,,H,,04,yieIdaBimilarly 
the resin On analysis of hops (aee an.alysis) 
the lead salt fraction contains both humulon 
and a Lttle a resm presumably derived from it, 
the Mholc constituting the a fraction, the anti 
septic power of which, under the standard 
conditions of measurement, is approximately 
three times that of the p fraction. The latter 
contains lupulon, reams denied from it end 
from humulon, and a certain amount of neutral 
material apparently originating from neither 
humulon nor lupulon All of the a and 
fractiona change m time into the useless y 
fraction (T. K U’alker, J Inst Brew 1923, 
31,5'b,F.L Pjnnn.J Inst Bren 1927,33,295) 
1‘roi Mionally, the antiseptic potency of hops is 
expressed by the formula lCHa-i>j8/3). where 
a and ^ arc the percentages of « and fi fractions 
found by analysis. It must be remembered that 
the rclatiic antiseptic powers of two sub 
stances such as these a and resins niU vary 
according to the conditions under which the 
test is made Thus, for example, whilst 
the a resin may be three times as potent as the 
^ resin in wort at 5 4, at p^^4 Jitisoier fen 
times as actii e The function of these resins in 
brewing la to check the growth of bacteria 
which may gam access during any stage of the 
process subsequent to the stenhsation of the 
wort by boding Checking of the growth of 
the organisms in the early stages of their multi 
plication IS valuable, since, w ith fall m the value 
of p„ of the wort during fermentation the free 
acidity or hydrogen ions assist the antiseptics 
In general bacteria grow much less rapidly at 
Pii 4 than at pj, 5 or 0 Howe> er, as regards the 
relatn e antiseptic pow era of the a and fi resins, 
the matter is still more difficult to follow, for 
It u as yet not known for certain to what extent 
these resms respectively are extracted and 
destroyed dunng the boding process. Of the 
antiseptic potency possessed by the hops as used, 
under normal boiling conditions 50% is either 
dwtroyed or not brought into solution, and 
about 20-30^{, is lost durmg fermentation. 

Rapid deterioration occurs during kiln drying 
and storage of hops. Such loss of antiseptic 
potency, expressed as percentage of that of| 


I the original green hops, is of the order of 60® 
during kiln drying and 6-20% during a jearia 
cold store (Walker, J. Inst. Brew. 1932, 3s 
204; W. Wmdisch, P. Kolbach and C. VocL 
Woeb, Brau. 1931, 48, 601). During storage 
the a-acid is slowly converted into matters 
which go to swell the p fraction. It b possible 
that micro-organisms such as ilueor splnuum 
(Lindner), Peni'ciHium expansum (Link), Atp<r 
gtUus ntger (Van Tieghem) are concerned in this 
loss of preservative power (A. H. Burgess, 

J Inst. Brew. 1935, 41, 467). 

la practice hops are valued by both tie 
empirical hand valuation and by determination 
of the resins, the antiseptic or preservative value 
being expressed by the formula 10(a-l-^/3) 
Hand valuation is based on aroma, signs of 
damage, particularly that due to moulds, 
quantity of “ condition ” or resin rubbed on to 
the palms of the hands, “ balling ” when pressed, 
appearance and number of seeds, etc. Expert 
valuations have shown very fair agreement with 
laboratory determination of antiseptic power 
(J. S. Ford and A. Tait, J. Inst. Brew. 1932, 38, 
351 ; 1926, 32, 19). 

Hops are sometimes contaminated by arsenic 
derived from the fuel used in the kilns m which 
(hey are dried. To avoid this, hot air is often 
used, the actual combustion produets not 
coming into contact with the hops. Hops sw 
usually exposed to sulphur dioxide when diyi&i; 
on the kiln. This improves theic colour and 
otherwise appears to have no ill efiect. Fm 
sulphur IS olso found in hops ; this is due to the 
application by spraying of sulphur to the hop 
plant for the prevention of mould, or may 
possibly occur when sulphuring hops on kiln by 
incomplete combustion end volatilisation of 
some sulphur. Sulphur is transformed by jcait 
into sulphuretted hydrogen, which, if intro 
duced into the finished beer, may spoil the 
flavour It may be detected and estimsted 
by the amount of atam produced by the evolvtd 
I gases on lead paper. 

I The development of tho downy mildew in 
I recent years has caused considerably anxiety to 
' hop growers. Spraying with Bordeaux miitare 
at the appropriate stages in the growth of the 
plant has been recommended as a means of 
combatting the mildew, and much success has 
resulted (E. S. Salmon and W. M. Ware, 

J. Inst Brew. 1932, 38, 37). 

Brewing Processes. — These processes begin 
with grmding the malt {see Fig. 3). If the 
latter were perfectly modified, mere crushing 
between two plain rollers would suffice, and in 
some breweries, good malts being available, thi* 
is done. However, even the best malt treated in 
this way will be imperfectly extracted, and j 
starch may be found in the residue of grams | 
remaining m the mash tun after extraction u 
completed. This is due to tho fact, as has ; 
already been described, that dissolution of the j 
cell wall proceeds from the proximal to th* 
distal end of the grain ; and that as even ue 

finest barleys do not germinate absolutely evenly, 

to avoid excessive loss from overgrown corns, the 
process must be stopped in many corns before it» 
completion, so that there must inevitably be a 
number of coma possessing “ steely ends. 
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If, in order to reduce these “ steely ends ” to a 
conation in which they will dissolve in the 
mash tun, they are finely ground, the filtration 
would be so slow as to make the process unwork- 
able. Mills have therefore been devised in 
which the roughly crushed malt is separated by 
sieves and air currents into various portions, and 
the grits and hard ends finely ground and re- 
mixed with the remainder of the crushed malt. 
Fig. 4 illustrates a modern malt mill. 

The grinding is usually preceded by treatment 
in cleaning machinery, in which the malt is 
brushed, beaten, exposed to a current of air, and 
sieved. Thus stones, surface dirt, straw, 
weevily (empty) corns and other foreign bodies 
are removed. Fractionation by varied air 
currents is also practised. If the malt conteins 
over about 4-5% of moisture, an inadequate 
grind is effected, and extract is lost. For this 
and other reasons such malt is redried before 
grinding. It is customary for British brewers 
to use more than one type of malt in any one 
brew, usually a two-rowed and a six-rowed type 
being blended. These may be ground separately 
with appropriate settings of the mill rollers, and 




Fig. 4. 


delivered to separate compartments of the 
grist case. Alternatively, they may be mixed, 
graded by sieving machiuery, and the grades so 
treated. Small or narrow corns of the two-rowed 
variety are thus ground along with corns of 
similar size from the six-rowed type. 

The ground malt is collected in receivers (malt 
hoppers or grist cases) until the amount re- 
quired for the brew is complete. These receivers 
command the mash tun, the vessel in which the 
malt and water are mixed. 

^ Mash tuns (Fig. 5) are made of wood, wood 
lined with copper, wrought or cast iron, and 
consist of roughly cylindrical vessels fitted with 
fake bottoms of perforated metal plates. 
Pipes are connected with the real base of the tun 
for drawing off the clear liquid (wort), the 
spent grains being held back by the false bottom. 
There is also a chute for expelling the spent 
grains, and an underlet should be provided for 
admitting hot water under a low hydrostatic 
pressure beneath the false bottom. The mixing 
gear (rakes) in the upper part of the tun is often 
not needed nowadays, since adequate mixing of 



gnst and liquor is effected by an external 
maahing plant, situated above and to one side 
of the tun (Fig 6). Before running the gnst 
and water simultaneously through the external 
masher, the false bottom of the tun is covered 
with water The grains, after maahing. are 



washed or sparged with hot bquor sprayed on 
to them from rotating horizontal pipes contain 
me several small holes 

Infusion mashing, as practised in Great 
Britain, consuts in mixing water or mash bquor 
at about 70" (168®!’) with grist at ordinary 
temperature to yield a mash at about G5o® 
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(150°F.) and maintaining the latter at this 
temperature with bttle or no change for about 
two hours. Most of the extract (about 05%) 
passes into solution in the first half hour, 
but to obtain a satisfactory yield of extract, 
i.e. for reasons of economy, two hours’ extraction 
is needed. Sometimes the initial temperature is 
slightly lower than normal and it is raised 


after about twenty minutes by means of the 
underlet. 

Much of the success of brewing depends on 
the composition of the wort produced and sent 
forward for fermentation. The factors which 
influence the composition of the wort, le. 

the quantity and quality 
of the extract, are the 
following : 

(1) The nature of the 
grist, t.«. the proportion 
of malted to non-malted 
grain, and the diastatic 
activity of the mixture. 
The diastatic activity 
referred to here includes 
the dcxtnnising as well 
as saccharifying form 
With increasing total 
nitrogen concentration 
in the malt there is an 
increasing concentration 
©5 peiTnaueritty vtAxiWe 
nitrogen m the wort. 
Ammo- and amido-mtro- 
gen arc scarcely affected 
(L R. Bishop, J. Inst. 
Brew. 1931, 37. 345). 
Maize contributes very 
little nitrogen in soluble 
form (R H. Hopkms 
and J. A. Burns, ihid, 
1930, 36, 16) 

(2) Temnerature, par* 
ticulaily the time of completion of ad* 
mixture m the external masher: the highest 
temperature reached will control the deitruc- 
tion of enzymes and therefore the .amounts to 
survive, the permanent temperature, the rates 
of action promoted by such enzyme activities 
as survive. Under normal ‘conditions the 

highest quantity of 
extract IS secured 
at 65®-71» (150'- 
160'F.), of maltose 
at 62'-65“ (144°- 
160'F.), and of 
permanently soluble 
nitrogen at 50°-55° 
(122°-131'F.) (H.T. 
Brown, J. Inst. 
Brow. 1909,16,205: 
L. R. Bishop, ibid. 
1931.87,355; J.H. 
OLver, ifiid. 1929, 
35, 191 : H. E 
Kelly, ibid. 1932, 
38, 440 ; W. Wm- 
disch, P. Kolbach, 
and E. Sehild, 
Woch. Brau 1931, 
48. 253-298). 

(3) Duration of mash, mainly a quantitative 
factor. 

(4) Concentration of mash. This is usually 
abOTt 2-3 barrels per quarter, t e. 2 1-3-1 parts 
of liquor to 1 of malt. Increasing concentration 
of gnst in the mash is accompani^ by increasmg 
percentages of maltose and of- nitrogen m the 
wort solids. More gnst than 1 in 6 of water 
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leads to lower quantity of extract passing into 
solution (H. Schjerning, Compt. rend. Trav. 
Lab. Carlsberg, 1913, 9, 237; J. H. Oliver, 
J. Inst. Brew. 1929, 35, 191). 

(o) of mash. The optimum value of 
for extract yield is about pg 5-2, measured in 
the wort, for permanently soluble nitrogen pg 
5-0-5-2, for maltose Pn 5- 1-5-4. These values 
apply to mashing temperatures of about 65° 
(150°F.) (R. H. Hopkins, J. Inst. Brew. 1925, 
31, 399; G. Hagues, J. Inst. Brew. 1924, 30, 
905; W. Windisch, P. Kolbach, and L. v. 
Bcnedek, Woch. Brau. 1929, 46, 345 ; H. E. 
Kelly, J. Inst. Brew. 1932, 38, 440). 

(6) Temperature and duration of sparging. 
Sparging is usually continued until the 
“ runnings ” have fallen in specific gravity to 
about 1003-1005. The solids extracted^ from 
the spent grains in the later stages contain less 
maltose, more nitrogen, and more mineral | 
matter than the original extract. Sparging, too 
prolonged or at too high a temperature, over 
80° (176°F.), extracts glutinous matter which 
may cause haze. High sparging temperatures 
may, how-ever, be used in stout brewing. 

Under British mashing conditions about half 
as much more nitrogen is brought into solution 
than was previously soluble in cold water. Of 
the wort carbohydrates about 12-15% is cane 
sugar, glucose and fructose, 55-65% is maltose, 
the remainder, 20-30%, dextrins. The latter are 
only slowly, and in very small degree, fermentable. 

The temp, of the mash is controlled empiric- 
ally, but it should be remembered that a contri- 
bution of heat equivalent to 5°-6° (9°-H°F.)is 
made by the “slaking heat” of malt containing 
2% of water. Slack malt yields less slaking heat. 

The decoction system, practised in “ lager ” 
brewing, involves in principle, initial mashing at 
a low temperature, e.g. 35°-40° (95°-104°F.) to 
extract enzymes and initiate protein- conver- 
sion, followed hy a succession of stands at such 
temperatures as 50°, 60°, 75° (122°, 140°, 
167°F.) for the purpose of promoting respec- 
tively peptonisation of proteins, maltose forma- 
tion, and complete extraction of the grains. The 
temperature is raised each time by withdrawing 
about one-third of the mash and boiling it in a 
separate copper from -which it is pumped back. 
There is thus adopted a systematic treatment 
designed to obtain in the -wort all the sub- 
stances wliich are needed, peptones to contribute 
palatableness and head retention to the beer, 
maltose to produce alcohol, and full quantitative 
yield of extract. It is seen now why maltsters 
on the Continent do not need to secure such 
complete modification as is necessary for infusion 
brewing, and also one reason why 5-6% of 
moisture often present in their malts does not 
give rise to instability in the beer. 

From approximately 30 to 40% of the malt 
nitrogen is rendered permanently soluble in 
infusion mashing, Californian malts yielding 
the lower, and some varieties of home malts, 
particularly if the total nitrogen content is low, 
yielding the higher percentage. At 50° ( 1 22°E.), 
the temperature at which the decoction brewer 
stands his mash for “ protein rest,” rather more 
nitrogen is dissolved, and, more particularly, it is 
degraded to a less complex condition. 
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Instead of separation of the spent grains from 
the wort in the mash tun, it is sometimes effected 
by passing the whole mash through a filter press 
or mash filter. These, used mostly abroad, are 
the means of time saving and are economical in 
that a high extract is yielded especially because 
more finely ground malt can be used. Too fine a 
grinding for mash tun purposes would spoil the 
grains as a filtering medium. 

The spent gjains or “ draff ” are disposed of as • 
cattle food. The composition of dried grains is 
such as the following : 

% 

Moisture 4,-10 

Oil 7-9 

“Albuminoids” (Nx 6-25) . 19-23 

Fibre 15-20 

Digestible carbohydrates . 41-45 
Ash . . ' 3-6 

The wort, “ sweet wort,” flows from the maish 
tun through “ draw off ” pipes to a collecting 
vessel called the under back. The pipes must be 
numerous enough and so distributed as to secure 
adequate washing of all the grains. From here 
it passes to the copper, where it is boiled. 

Coppers may be heated by fire or steam 
(jacketed or fitted with steam coil “ calorifiers ” 
or both), and may be open or closed. Sometimes 
boiling is carried out under pressure. Steam 
heating is economical, and nowadays a satis- 
factory agitation, which is important, can be 
effected in steam-heated coppers. Steam 
pressure and wort temperature can be controlled 
easily. Boiling is continued for t-wo hours 
usually, sometimes more, and the later runnings 
of weaker wort from the mash tun are similarly 
boiled in a “ second ” or even “ third copper,” 
Mild ales receive about 1 lb. of hops per barrel 
(1 barrel=360 lb. water, about 350 lb. at 
boiling), bitter beers about two or three times as 
much, strong beers more than light ones, lager 
less than infusion beers. Boiling, in addition to 
concentrating the -wort, which is often necessary, 
extracts bitter and preservative matters from 
the hops, coagulates certain wort proteins, 
destroys the enzymes, sterilises the wort and 
completes reactions between salts such as 
calcium sulphate and secondary potassium 
phosphate, the yjg falling in numerical value as a 
rule. Conditions necessary to a good “ break,” 
or coagulation in large flocks leaving a bright 
wort, include py 5-0-5-5, adequate agitation, 
and, perhaps, suitable handling of the hops 
(R. H. Hopkins, J. Inst. Brew. 1925, 31, 399 ; 
G. Hagues, ihid. 1927, 33, 262 ; H. Ltiers, 
Z. ges. Brauw. 1920, 43, 51). Some brewers add 
only a small proportion of the hops as the copper 
is filling up — they help to prevent “ fobbing ” — 
and defer the addition of best hops until perhaps 
half _ an hour from the finish. Theoretical 
considerations support this, as the protein coagu- 
lation appears to be better in the absence of 
hop tannins, and the preservatives of the hops 
are destroyed (as preservatives) during boiling 
as rapidly as fresh ones are being extracted. 

After boiling, the contents of the coppers are 
emptied into the “ hop back,” a vessel furnished 
with a false bottom of perforated plates which 
serve to hold back the spent hops. The latter 
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act as a fUtcnng medium and remove proteins 
and other matters precipitated during boding. 
The spent hops are either “ sparged ’* in a 
manner similar to the practice in the mash tnn, 
or they are pressed dry in a hydraulic pie^ 
In any case the sparginga or pressings foUow the 
mam bulLof the worttothe next stage of the pro- 
cess. Spent hops are often used as a fertiliser. 
Dned hops contain about 22^^ of protein and 
35%ofdicestiblc carbohydrates (J. L. Baker aftd 
H y E Hnltoa.J. Inst. Brew. 1917,23.455). 

The hot wort as it leaves the hop back shottld 
be perfectly bright. It has now to be cooled, a 
process which requires far more attention than 
might be expected. Hit were allowed iocoolm 
^ deep vessel, without any movement, a haze 
would form which consists of particles too small 
lo be remored, for example, by ordinary filtration 
or centrifuging in the laboratory (H. T. Brown, 
J Inst Brew. 1913, 19, 84). These particles 
appear to consist of gluten and of protein. 
ta nnin compounds, Contain about of nitro- 
gen. and are soluble in dilute alkali but re- 
precipitated by acid. Particles of calcium 
oxalate also appear; these collect, to some 
extent, as a scale on the cooling vessel. All of 
these matters continue to deposit not only 
during cooling but throughout fermentation and 
storage of the beer Although the amorint is 
sunute, the liability of this matter to clog the 
}east by adsorption on to the cell surfaces, and 
to canse haze m the beer and difScnlUes in 
clarification of the Utter, render its removal of 
the greatest importance. The secret of success 
Les in the system of cooling adopted, particnlarly 
cooling through the ranee of temperatnre befow 
W{120*F.). 

The first stage of cooling is efiected in Urge 
vessels, usually open to the air, sometimes 
closed. Formerly these were shallow, open 
vessels, but nowadays vessels of any depths 
may bo employed. A certain amount of deposit. 
" cooler grounds ” or •sludge, is left behind 
on the cooler when the wort is run off to the 
re&igcrator. The Utter consists of tubes over 
which the wort fiows and through which cold 
water flows as a countercurrent, and may be 
either of a rert«aJ or homonta! type. Agita- 
fjon, while cooling on vertieal Tefnperatorj 
between the temperatures 60® and 33® (120® 
and 90®F.), is found to help considerably in the 
flocculation of the minute particles into Urge 
ones. The flocculation effected is, however, not 
so much a consequence of agitation as a surface 
effect. Quite goM flocculation can be secured 
with comparatively Lttle agitation, while the 
wort IS cooling through the critical temperature 
zone, provided that a relatively laige swace of 
the wort IS exposed, either to the air or to the 
containing vessel. The critical temperature is 
considered to be 33®-16* (90®-60®F) by E. R. 
ilontz (J. Inst. Brew. 1921, 27, 505 ; sec also 
C. Banken, i6id. 1922. 28. 154 ; W. J. Watkins, 
i&td. 1927, 33, 67). Fadure to secure adequate 
flocculation is considered to result in the minute 
particles of tanmn-nrotein and other matters 
being deposited on the surface of the y east cells. 
This hinders the diffusion of ciystaUoids into 
and out of the cells and slows down fermentation 
with disastrous results 


Oxygen is dissoh ed in the wort when the latter 
IS nearly cooled, about 5-7 e c. per litre may be 
di^Iv^. A certain quantity is almost certainly 
necessa^ for healthy jeast growth. It is very 
doubtful whether “ hot aeration ” is of any 
significant value (C. Ranken, J. Inst. Brew. 
1925, 31, 73). Enclosed wort refrigeration under 
stenle conditions should not eliminate cold 
aeration entirely, but often restricts or eliminates 
hot aeration without any apparent ill effects, 
j If open refrigerators are employed some device 
for fitenng the air admitted to the room is often 
adopted to reduce or prevent infection by wild 
yeasts or bacteria. Until the temperature falls 
below 65® (J30®F.) there can be little or no 
infection Coolers are sometimes dispensed 
with, and the wort tuns directly from hop back 
to refrigerator and is thus rapdly cooled. This 
IS effectual in reduemg infection, but it has been 
found sometimes to lead to faulty clarification 
(r. supra). 

Infection of the wort during refrigeration must 
be pnmanly derived from the air (dust particles], 
but in practice it is found, in all but excepliocal 
cases, that air infection is very small and un- 
important compared with vessel infection. If 
the coolers are made of metal there should be 
bttle difficulty in keeping these sterilised, as 
the hot wort every tune it covers them should do 
this; if they are wood it is found that, however 
well made, sterilisation is impossible. Owing to 
Its porous nature organisms live in the pores 
just below the surface, and the non.conductmg 
nature of the wood prevents any but the imme- 
diate surface layers rising to the sterilisiDg 
temperature. The same is true of wooden 
fermenting vessels and casks. 

The refrigerators, with the necessary pipe 
connections, are metai, and it appears at first 
sight that there should be no difficulty in 
keeping these stenle, hut owing to crevices at 
joints, etc., m practice the attainment of 
complete etenlity is impossible. 

The flocculated hopped wort runs from the 
refngerator into the fermenting vessels at about 
14®-je® (68®-fil®F.). For lager beer it most 
bo further cooled on the refngerator, down to 
5®-6® f4i®— /3®F.h bnne pipe* beiag used. 
Fermenting vessels are made of certain suitable 
types of yvood, of wood lined with copper or 
aJuroinium or coated with carbon enamel pre- 
parations. Stainlessateel vessels arecoralng into 
use. Occasionally stone, slate or concrete is 
used, and glass lined vessels are favoured by 
some. It is importsnt tbst they can be kept clean 
and Bterile and appropnate means to this end 
hove to be adopted with vessels of the respective 
matends mentioned. Temperature is controlled 
by cold water pipes, “ attemperators,” which 
in lager breweries must be brine chilled. 

^"hile the vessels arc filling up, and the 
appropriate quantities of stronger and weaker 
worts from the various copper “ lengths ” and 
hop back spargings are being run into the 
respective vessels to give worts of the desired 
I ongmal gravities, the*' pitching ’’yeast is added, 

I at a rate of about 1 lb. of pressed yeast per 
barrel, or 0 3%. The yeast is obtainw from s 
previous brewing. The number of yeast «11* 
i added is very much greater than the number of 
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organisms with which the wort is normally 
infected. The amount, however, must be so 
regulated, according to the nature of the wort, 
that a considerable increase (6-10 times) is 
possible. The yeast Saccharomyces cerevisx, 
used by brewers, is a “ culture ” yeast, that is, 
one which has been selected or possibly evolved 
in civilised communities as specially suitable for 
brewing. 

There are two main varieties — “high” or 
“ top ” fermentation yeast, and “ low ” or 
“ bottom ” fermentation yeast. 

The first is used at a higher temperature than 
the second; the brewery fermentations are 
consequently more rapid ; the yeast rises to the 
top towards the end of the fermentation, whereas 
under the conditions in which the latter is used 
it falls to the bottom at the end of the fermenta- 
tion. British beer is brewed on the top fermenta- 
tion system, almost all other beer on the bottom 
fermentation system. 

As w'orts usually become infected by other 
yeasts (wild yeasts) and bacteria during the 
cooling and subsequent processes, the yeast crop 
obtained at the termination of fermentation will 
contain foreign organisms. As this is used 
for seeding the succeeding worts, it is possible 
in time for the seed yeast to become seriously 
infected, even if the initial wort infection is kept 
down by suitable precautions. As will be seen 
later, these foreign organisms may lead to 
serious defects in the final product. 

In order to surmount this difficulty, Hansen in 
1883 introduced his pure yeast system into 
bottom fermentation breweries. He separated 
single yeast cells from the brewery yeast, and 
from each of these grew sufficient to make a trial 
brewing. The culture giving the most satis- 
factory result was selected and used in the 
brewery. A pure pitching yeast was thus 
obtained. This has been adopted with great 
success in lager beer brewing, but brerveries 
working on the top fermentation system have not 
found the pure yeast thus prepared altogether 
satisfactory. Many reasons have been given for 
this. It is fairly well agreed that the explana- 
tion of its non-success is that a mixture of yeast 
is necessary in this case, although there is much 
diversity of opinion as to what this mixture 
should be (G. H. Morris, J. Inst. Brew. 1900, 6, 
333 ; N. H. Claussen, J. Inst. Brow. 1904, 10, 
308 ; . B. L. Siau, J. Inst. Brew. 1906, 12, 118 ; 
H. Sohionning, Compt. rend. Trav. Lab. Carls- 
berg, 1908, 7, 138 ; J. Inst. Brew. 1909, 18, 2 ; 
B. M. Brown, J. Inst. Brew. 1934, 40, 9). Yeast 
may bo freed from bacteria by treatment with 
solutions of definite acidity, about 0-1% HjSO^ 
(H. T. Brown, J. Inst. Brew. 1916, 22, 328). 

In Great Britain as soon as the vessels are 
filled, and before fermentation, excise readings 
of volume and original gravity are taken. Two 
objects must be achieved in the fermenting 
vessel, apart from the prevention of infection. 
I'irstly, the wort must fall, with reasonable 
rapidity, from its original specific gravity to 
about one-third or as low as one-fifth of this 
value according to tj-pe of beer, a corresponding 
production of alcohol taking place. Secondly, a 
good and adequate crop of healthy yeast must 
form and separate properl3'’. 

VoL. II._7 


The rate of fermentation at any instant, 
assuming that the yeast is uniformly mixed with 
the w'ort, will depend on many factors. Firstly, 
the fermentative power of the yeast, which 
depends on its physiological state. The extent 
to which matters are deposited on the cell 
surfaces may possibly interfere with difiusion 
(H. T. Brown, J. Inst. Brew. 1913, 19, 84). 
Secondly, the coheentration of the yeast to which 
the rate of fermentation is directly proportional 
over limits far wider than any occurring in the 
fermenting vessel. This is easily seen to be the 
case if one regards each yeast cell as a unit 
producing an equal amount of alcohol in unit 
time. Rate of fermentation is proportional to 
weight of yeast, although large cells function 
faster than small ones. The concentration of 
yeast in the wort is influenced by its distribution 
in and on the wort, which in its turn is influenced 
by suspended matter present (C. Ranken, 
J. Inst. Brew. 1927, 33, 76; C. Ranken and 
J. R. Bell, ibid. 1928, 34, 265). Thirdly, the con- 
centration, but not the nature, of the ferment- 
able sugars present. The monosaccharides, 
glucose, fructose and mannose, the disaccharides 
sucrose and maltose all appear to be fermentable 
at approximately the same rate under the same 
conditions, and this I’ate is nearly independent 
of the sugar concentration between about 1 
and 10% (A. J. Brown, J.C.S. 1892, 61, 
369; A. Slator, J.C.S. 1906, 89, 128; 1908, 
93, 217; R. H. Hopkins and R. H. Roberts, 
Biochem. J. 1935, 29, 919, 931). Only 
when “ attenuation ” or fall in gravity is 
nearly as complete as possible, f.e. within four 
degrees of the limit, will sugar concentrations 
per se influence the rate of fermentation. 
Fourthly, temperature ; for a rise of 5° (9°F.) 
in temperature, i.e. about the total rise occurring 
during fermentation in brewing practice, the 
rate of fermentation increases to about twice 
(A. Slator, ibid . ; R. H. Hopkins and’ R. H. 
Roberts, Biochem. J. 1935, 29, 2486). Mineral 
salts and over the range normally occurring 
in brewers’ worts during fermentation, viz. 
Pn 5-4, have comparatively little influence on the 
rate of fermentation. 

Of the factors considered above, those which 
merit consideration are the first and second. 
Temperature, pjj, and sugar concentration do 
not vary from brew to brew sufficiently to make 
any significant difference. The yeast wfil remain 
free from clogging of the cell surfaces if adequate 
flocculation on the refrigerator has been secured, 
if not, a sluggish secondary fermentation results, 
and trouble is likely to follow, as micro-organisms 
pathogenic to beer such as wild yeasts and 
bacteria may be growing more rapidly. The 
fermentative activity will also depend on the 
previous history of the yeast, the type of wort in 
which it was groum, how it has been stored, 
etc. In so far as rate of fermentation depends 
on the concentration of yeast, this latter factor 
is also the concern of the brewer, from the point 
of view of his yeast crop. ' 

The amount of j-east in the wort at any instant 
depends on many factors. IVhen a small seeding, 
e.g. 0-3% of pressed yeast, js introduced into 
wort, there is a short lag phase wdth little or no 
cell increase, followed a logarithmic phase. 
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dunng nhich one cell becomes two, two become 
four, and four become eight m equal intervals of 
time. This time interral, termed a generation 
time, IS about four hours at 18“ (65“r.) (mean 
brewing fermentation temperature) but is only 
83 minutes at 30“ (SC'J ) (A. Slator, Biochem. 
J. 1913, 7, 197 , 1918, 12, 248 ; A. Tait and 
L. Fletcher, J Inst. Brew 1923, 29, 509) 
Later, inhibition of rate of multiplication seta 
ID, due to accumulation of alcohol, carbon 
dioside, etc., and finally, approaching exhaustion 
of sugar brings multipbcalion to a standstilL 
The views expressed by certain workers on the 
subject of rate of multiplication are not all in 
agreement, but the differences have been due 
largely to the difficulty of deciding when a 
yeast bud becomes a new cell {see also H. T. 
Brown, Ann Bot. 1914, 28, 197 , R. H Hopkins. 
J. Inst Brew 1927, 33, 337). Oxygen is 
necessary for adequate growth and health of the 
orgatusm ; thus, for instance, half fermented 
wort, saturated with carbon dioxide and pro- 
tected from access of oxygen, is deficient in this 
respect. A J. Brown (J C S. 1905, 87, 1395) 
considered the presence of oxygen in the original 
wort (H. T. Brown, t6id ) to be essential for 
yeast growth IVhiUt a very large excess of 
oxygen enormously increases yeast growth, 
extremely httle is actually necessary for health 
and normal multiplication (F Wmdiseb. 
J. Inst. Brew 1931, 37, 501) It is largely a 
matter of oxidation reduction balance, or the 
value of r|] of the system. A high value of 
Tq, that IS a high oxygen intensity, is essential 
to the respiration of yeast, and development by 
this means is inhibited if the oxygen intensity 
falls, that IS, decreases. So far as yeast 
development in the finished beer is concerned, 
this IS slow if the value of rg is below 15, a value 
approximatmg to that at which methylene blue is 
decolourised (J. de Clerck, J Inst Brew. 1934, 
40.407;F Slendlik, Woch Brau 1934.51,305) 
The essential nutrients of yeast include 
potassium, magnesium, calcium, traces of iron, 
very minute traces of copper and possibly of 
other metallic ions , phosphate, sulphate, 
nitrogen in any of a number of suitable forms, 
and any one or more of a number of assimilable 
sugars such as maltose, sucrose, glucose, etc. The 
nitrogen may be m the form of ammonium salts, 
amino acids, amides, etc , or a mixture of these 
with more complex protein degradation products 
In wort it 13 the last named condition which 
obtains, and significantly enough, much better 
yields of yeast as regards both quantity and 
quality are obtained from woit than from a 
synthetic mixture There are a number of 
reasons contributory to this. For instance, 
to secure a good growth in a given nitrogenous 
nutrient, the optimal pjj for that nutrient should 
be employed. According to T Ehrbch (Ber. 
1907, 40, 1029) y east splits ammonia and carbon 
dioxide from amino acid«, an alcohol being 
formed which is of no use to (and may help to 
inhibit the growth of) the y east. Thus, 

I leucine+water yields inactive isoamyl alcohol 
4-carbon dioxide-i-ammonia 
CHMej-CHj-CH(NHj)COOH4-HjO 

-CHMejCHjCHjOH4-COt4-NH, 


The ammonia thus formed is utibsed for yeast 
growth. The yeast manufacturer grows his 
yeast in ammonium salts as source of mtrogen, 
special conditions being necessary for good 
yields. In some ways brewers’ wort simulates 
these conditions. It is highly buffered and 
prevents the attainment of a reaction at which 
inhibitioa would be serious. It has been found 
that, if alcohol concentration is kept below 4%, 
growth of yeast in wort continues until the pg 
has fallen to 2-15, but restoration of normal pg 
(4-5) IS followed by fresh growth (V. Hartelius, 
Compt. rend. Trar. Lab. Carlsberg, 1934, 20, 
No. 7; see also A. L. Stem, J.C.S. 1899, 
75,201; 1901,79,943; A.TaitandL. Fletcher. 
J. Inst. Brew. 1022, 28, 597; C. Taxner, tbid. 
1935, 41. 27 ; R. H. Hopkins, ibid. 1935, 41, 
30). Lastly, minute quantities of “ bios ” 
first discovered by Wildiers, and now usually 
called “growth-promoting factors" are 
necessary. N. NieUen and V. Hartelius (Compt. 
rend. Trav. Lab. Carlsberg, 1932, 19, No. 8 ; 
1934, 20, No. 1) have succeed in establishing 
the existence of at least two growth-promoting 
factors, A and B, the latter of which occurs in 
wort. it. J. Williams and D, H, Saunders 
(Biocbem. J. 1934, 28. 1887) find that the 
yeast growth factor pantotksnic acid previously 
isolatra by Williams, active as it is, is even 
more active in conjunction with mositol, “ Bios 

I, " or vitamin B, or both, w bereas the latter two 
exert relatively little effect. Normal wort 
contams an excess (except in the amount 
of sugar) of all the euostonces, including 
growth-promoting factore, necessary for yeast 
growth. 

To indicate the practical significance of all 
that has been stated above, the seeding (pitch- 
ing) of a brewery wort with 10 million cells per 
C.C., «e. about 2 5 g. of pressed jeast per litre 
(the usual proportion), will bo followed by a 
penod of Quiescence before growth starts. The 
cell vacuoles disappear if the wort is strong. 
Growth then proceeds steadily but retarding 
inffuences soon come into action and continually 
slow down the rate. The chief of these n the 
effect of caibon dioxide and the gradual failure of 
the oxygen supply, eg, in one experiment, 
saturation with, carbon dioxide reduced the 
rate of yeast increase by’ about 22% (A. Slator, 

J. Inst. Brew. 1923, 29, 817) There is plenty 
of yeast food present, and the amount of 
alcohol 13 not sufficient to have any great 
influence. Rapid fermentation is now taking 
place, with evolution of large quantities of carbon 
dioxide which prevents air getting into the 
fermenting solution. It is at this stage of the 
fermentation that brewers who employ two 
fermentation vessels (see below) usually “ drop ’’ 
or “ tun,” that is, transfer the fermenting worts 
from the one vessel to the other. This causes 
the remov'al of some carbon dioxide, and 
allows some wr to be absorbed by the worts, 
there is a slight renewal of yeast growth; but 
the chief amount of yeast increase has now taken 
place The rate of fermentation is now mainly 
dependent on the number of yeast cells and 
tenijierature 

The influence of temperature^ is great, as 
already indicated; the following table gives the 
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grams glucose fermented per second by 10^^ 
yeast cells (Burton yeast) : — 


Temp. 


8. 

40° C. . 


. 5-05 

30° C. . 

, , 

. 3-00 

20° C. . 


. 1-30 

15° C. . 


. 0-68 

5°C. . 


. 0-140 


The temperature continuously rises from 15“- 
20° (60°-68°F.) (top fermentation) owing to the 
heat evolved by fermentation ; the heat of 
fermentation of glucose is 24 Kg. Cals. (A. Bouff- 
ard, Compt. rend. 1895, 121, 357 ; A. J. Brown, 
J. Inst. Brew. 1901, 7, 93), and the brewer 
has to control this by his atteraperators. 
Although the sugars present in wort are fer- 
mentable individually at approximately the 
same rate under the same conditions, except 
that at 15° (60°F.) maltose may with some 


1 yeasts be rather more slowly fermented than the 
I other sugars, nevertheless the yeast selectively 
ferments glucose faster than fructose in mixtures 
of the two. The residual unfermented but 
fermentable sugar in beer is likely therefore to be 
relatively rich in fructose, a very sweet sugar. 
The fructose is derived from the sucrose in the 
malt, added sucrose or invert, and from priming 
solutions, if added. 

The mechanism of alcoholic fermentation is 
now’ fairly clear, although some matters still 
need elucidation. In 1897 Buchner expressed 
yeast juice from yeast and found it to be 
capable of promoting alcoholic fermentation. 
A. Harden and W. J. Young discovered the 
influence of phosphates (Proc. Roy. Soc. 1906 
(B), 77, 405; 1910 (B), 82, 321). R. Robison 
isolated the hexose monophosphates (R. Robison 
and W. T. J. Morgan, Biochera. J. 1930, 24, 119 ; 
R. Robison and E. J. King, ibid. 1931, 25, 323). 
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C. Ncnborg and J. Kerb (Biochem. Z. 1912, 47, 
405; ibid. 1913, 58, 158) and others found that 
pyruvic acid is clearly an intermediate product 
in the breakdown of hexoses, and developed the 
hypothesis associated with the name of Neuberg 
which was an essential step in progressing to our 
present-day theory. Finally G. Embden and 
0. Meyerhof developed the latter, which is as 
follows. Hexose diphosphate reacting with 
glucose and inorganic phosphate yields phos- 
phoglyceraldehyde, which, until some acetalde- 
hyde has been formed, undergoes simultaneous 
oxidation and reduction yielding phospho- 
glyceric acid and glycerophosphoric acid, the 
latter of which then splits off phosphoric acid to 
form glycerol, which is always formed in alcoholic 
fermentation. Tiic phosphoglyceric acid also 
splits off^ phosphoric acid to form pyruric acid, 
from which carbon dioxide is removed to leave 
acetaldehyde. Immediately the latter com- 


pound appears it is reduced to alcohol at 
the expense of the phosphoglj’ceraldehyde, 
which is oxidised to phosphoglyceric acid, and 
this re-enters the cycle to produce mote pyruvic 
acid, and so on. 

The enzyme zytnase yeast juice is 

complex and, apart from co-zyrtiase, which can 
be separated by dialysis, contains carboxylase 
and phosphatases. The influence of inorganic 
phosphates on fermentation by yeast juiee is 
not reflected in fermentation by living yeast. 
The products of alcoholic fermentation of 
maltose in practice are about 51% of ethyl 
alcohol, 49% carbon dioxide, 1 or 2% of glycerol, 
small amotints of the sugar being taken up for 
yeast nutrition, the whole totalling 105’5, to 
which quantity of glucose 100 parts of maltose 
are equivalent. The other products, succinic 
acid, higher alcohols, etc., are by-products of 
yeast metabolism. 
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From 25 to 40% of the total wort nitrogen w wort, it communicates to it a yeasty flavour and 
removed during fermentation, in brewery spoils it In bottom fermentation the yeast also 
practice. As much as 00% can be removed by flocculates towards the end of tnc fermentation, 
laboratory procedure involving addition of which, owing to the low temperature, proceeds 
evtra sugar, etc. No doubt some of the colloidal mucli more slowly, and the yeast falls to the 
forms are adsorbed onto the surface of the j east bottom of the vessel. The method of removing 
cells, but mostly it has been assimikted the yeast, or of “ cleansing,” haa an appreciable 
Possibly, even under brewery conditions, a influence on the typo of beer produced. It will 
certain quantity is excreted by the yeast, so be seen that the rate and conditions of separation 
that the quantity disappearing during fermenta of yeast and its removal will affect the amounts 
tion represents a balance between adsorption of secondary products of fermentation, higher 
and excretion The value of falls from about alcohols, esters, etc, which difl’use from the 
6 to about 4, this being due to productimi of acid yeast mass into the beer, and also the amount of 
and removal, by the yeast, of buffering matters hop bitters adsorbed by the yeast. These 
Thefirstsignoffermentation in the fermenting secondary products of yeast metabohsm and the 
vessel {tee Fig. 7) is the appearance of a froth hop bitters have a marked influence on flavour. 

There are two well defined methods 
of cleansing employed in Great 
Britain— skimming (most general) 
and the “ union " system employed 
m many Burton breweries For 
skimming an arrangement called a 
parachute is fixed m the ferment* 
mg vessel. It resembles a large 
funnel with its outlet pipe com- 
municating with a ves«el beneath 
(tee Fig. 8) The height of the 
funnel is controlled by gearing, so 
that the yeast as it nses flows over 
the edge through the pipe into a 
vessel below. In very large vessels 
this IS assisted by the moTemect 
of a skimming board Sometimes 
the fermentation is commenced in 
a plain vessel and the wort dropped 
when about half fermented into 
the skimming vessel. During the 
early stages of fermentation rousmg 
IS earned out from time to time 
by mechanical means or by forcing 
compressed air through the wort. 

The beer is allowed to leaiam 
quiescent for a day or two, a little 
more yeast settling to the bottom 
dunng this time whilst a residual 
surface covering protects the beer 
to some extent from infection, 
aeration, and loss of carbon dipxide 
It 'is now raeVed into cas’ks, ia'ifiy 
bright but not too bright. The 
fermentation la so controlled that 
at the racking stage there always 
remains some fermentable sugar 
From Sykei and Ling-t Breaing" {ChoTitt Griffm Co. Ltd) ^nd some yeast in suspension 

as whatever mode of yeast re- 
hearing a scum. This contains a little yeast and nioval is adopted, it is impossible to remove 
some resinous and albuminous matter and is all. It is convement and usual to employ 
skimmed off. In a few hours a " cauliflower” aa intermediate vessel (racking vessel). This 
head of foam forms and later gives place to a is* provided with taps, usually of special design, 
larger “ rocky ’’ head. As y et the mam portion eo that the casks are filled without loss due 
oftheyeastisinthewort, but, although It has a to overflow. At racking the beer is too flat 
greater specific gravity’, about 1090, than the for consumption, excess of carbon dioxide 
wort, it is kept in suspension by the rising having escaped. Incaska type of “ secondary ” 
bubbles of carbon dioxide, but towards the end fennentation takes place, residual fermentable 
it flocculates and entangles the rising babble^ sugars and yeast, intentionally left behind in the 
the spongy mass thus formed rising to the heeratrackmg.servingthepurpose. Somelimei 
surface and forming the yeasty bead. If the a small quantity of “ priming ” sugar, usually 
latter is not quickly removed the gas escapes cane sugar, invert, . or " dextrin maltose,” is 
and the yeast falls to the bottom of the liquid, added to make sure of this. 

If \ east be allowed to fall through the fermented The union system of cleansing inv olves running 
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the fermenting wort into a set of casks, each' 
holding about 150 gallons or more (see Fig. 9) 
mounted horizontally on trunnions on a frame- 
work. Each cask is furnished with a swan 
neck which fits into a socket in the highest 
portion of the cask, and projects just over the 
edge of a yeast trough, -which is long and shallow 
and is fixed above the unions. There is a tap at 
the lowest portion of the cask, the nozzle of 
which projects a couple of inches into the cask. 
The tap has a screw thread, so that the inlet can 
be lowered or the tap entirely removed, leaving 
the cask opening free. The casks are also pro- 
vided with attemperators through which cold 
water may be passed for controlling the tempera- 
ture of fermentation. Sometimes one large 
cigar-shaped aluminium vessel replaces several 
casks, but it has a number of “ swan necks.” 
The yeast trough is also provided with attem- 


lOl 

perators. At one end the yeast trough com- 
municates with the cross trough or feeder 
by outlets at various levels, any one or all of 
which may be closed as required. The feeder 
communicates with the casks by a long side pipe, 
the feeder inlet of this having a screw cup which 
may be raised or lowered in order to prevent 
sediment from the feeder getting into the cask, 
or the cup may be removed entirely. This pipe 
is furnished with a main tap to control the flow 
into the cask (the feed), and each cask has a 
separate tap, so that any one may be dis- 
connected. There are also outlets from the 
yeast trough and feeder for removing yeast 
(barm). The fermenting wort in the unions is 
under the pressure of the head of wort in 
the feeder, and consequently so long as carbon 
dioxide is being produced in quantity a foam is 
forced up the swan necks into the yeast trough. 
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This settles to some extent, and furnishes more 
head of liquor in the feeder, and so the circula- 
tion continues. IFith a wort of fairly high 
gravity the whole bulk of the brewing would 
circulate several times. When the fermentation 
nears the end, the character of the foam in the 
yeast trough changes. It becomes yeasty, and 
separates, a part of the yeast settling to the 
bottom and a part forming a thick skin on the 
surface ; in between these two layers is a 
stratum of fairty bright beer. This bright beer 
only is allow’cd to return through the feeder, 
where a little more settling takes place, into the 
casks, so that iJtimately the casks become filled 
with more or less bright beer, and the greater 
part of the yeast remains in the yeast trough. 
After allowing the beer time to settle in the 
unions, it is run into a racking vessel. 

There exist modifications of both the skimming 
and the union systems. What is in principle a 
modification intermediate between the two is 


employed in Yorkshire — a system known as the 
“ stone square system,” because the fermenting 
vessels were, and in some cases still are, con- 
structed of stone or slate. More usually, now- 
adays, they are lined with or made of 
metals — copper, aluminium or stainless steel. 
The square top of the vessel is covered except 
for a manhole in the centre, which is surrounded 
by a flange. The main vessel is also surmounted 
by an open one of the same dimensions, except in 
height, which is much less. Attemperators are 
lowered through the hole, which also will admit 
a man to enter the vessel to clean it. The lower 
"Vessel is filled up to the top. When fermentation 
sets in, froth and afterwards yeast are expelled 
through the hole and collect and settle in the 
upper vessel, from which the wort, when clear, 
can be run back through a valve. Pumping is 
possible for rousing purposes. The fermenta- 
tion is slow, the temperature range about 
1C°-19° {CT’-66°F.), and a verj> full drinking 
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26% of the quantity present at that stage 
(H. Heron, J. Inst. Brew. 1928, 34, 377). 

Stability of beer is of two kinds, protein 
stability and biological stability. The former 
presents the more difficult problem, and is the 
only one in the case of efficiently pasteurised or 
filter-sterilised beer. Haze or greyness, due to 
formation of albuminous matters or these com- 
bined with hop products such as tannins, are 
difficult to control. The lager brewer, whose 
product has to withstand chilling immediately 
before its consumption, achieves it as far as 
possible by peptonisation in mashing and long 
storage at 0° in his lager tanks. 

Biologically, wild yeasts or bacteria may 
develop in the finished product, causing a variety 
of possible symptoms. Some organisms do no 
particular harm. Of the others, wild yeasts 
cause turbidity, yeast bite, over-conditioning in 
cask, peculiar odours, or bitterness. It will be 
recalled that a high value of is necessary 
for yeast respiration, and that such development 
is very slow if rjj is below 16, the value, approxi- 
mately, at which methylene blue is decolorised. 
If methylene blue is rapidly decolorised by 
beer, it is unlikely that yeast haze will develop. 
If there is present any quantity of fermentable 
sugars, the yeast can develop by fermentation, 
even if the oxygen intensity or is low, so 
that two conditions must be satisfied if the 
development of yeast haze is to be prevented : 
- a low content of fermentable sugars and a low 
oxygen intensity — exclusion of air. 

Bacteria cause turbidity, odours, acidity or 
ropiness. Cleanliness, particularly of plant, 
purity of yeast, of air admitted to the refrigera- 
tors and fermenting room, can help a great deal. 
The biological stability of beer, as regards acid- 
forming bacteria, depends not only on the 
amount of infection and its virulence (the 
organisms in imperfectly cleaned casks are 
likely to be far more virulent than those on 
dust particles in the air) but on the antiseptic 
matters present in the wort and beer, derived 
from the hops (and sulphites). Most bacteria 
will grow much more rapidly at 5 than at 
Pu 4, that is in wort than in beer. If no great 
number have developed before fermentation is 
complete, and pg has been reduced to 4, the 
danger is greatly reduced. The objections to a 
sluggish fermentation are thus seen. Altogether, 
the quality of the hops, their handling, cleanliness 
of plant, and reasonable speed in bringing the 
beer to a relatively safe reaction, pg 4 or there- 
abouts, seem to be the main factors to which 
attention should be paid. No value of pg is 
“ safe ” for all beers, much will depend also on 
the other factors mentioned (N. M. Parsons, 
J. Inst. Brew. 1924, 30, 30 ; R. H. Hopkins and 
J. E. Fraser, ibid. 1928, 34, 387; H. Heron, 
ibid. 1923, 29, 281 ; 1924, 30, 596; J. L. Shim- 
well, ibid. 1935, 41, 245, 481). 

The yeast which is collected at the cleansing 
operations is usually pressed in a filter press, 
the beer so obtained being run back into the main 
bulk. The recovery of yeast pressings is an 
important feature of brewery economy at the 
present day, but such pressings should be 
blended with the beer from which they were 
obtained. Pressings differ in composition from 
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the beer in which the yeast was formed, especially 
if any length of time has elapsed between 
skimming and pressing. The original gravity 
is higher, mainly, no doubt, as a result ^ of 
excretion of alcohol from the yeast cells which 
contain glycogen and the necessary enzymes to 
ferment it. Whilst alcohol is being excreted 
there is a simultaneous degradation of nitro- 
genous matters of the cell which appear in 
the surrounding medium as higher alcohols, etc. 
Nitrogen, potassium, and phosphates are higher 
and pg is more alkaline. Pressings soon develop 
bacteria if kept (H. L. Hind, J. Inst. Brew. 1925, 
31, 336 ; H. W. Harman and J. H. Oliver, ibid. 
1925, 31, 353). 

Well pressed yeast contains about 73-75% 
of water, very little of which is located in the 
interstices of the cells. Unwashed yeast 
liquefies on storage sooner than washed yeast, 
and this is ascribed to the removal, by washing, 
of some factor which accelerates autolysis (A. 
Tait and L. Fletcher, ibid. 1926, 32, 385). 

It has been suggested that yeast washings 
contain proteolytic enzymes (S. B. Schryver, 
E. M. Thomas, and S. (3. Paine, ibid. 1927, 33, 
120). There are three such enzymes in the yeast 
cell. Firstly, a proteinase which degrades many 
proteins such as denatured egg and serum 
albumins, fibrin, casein, gelatin, and certain 
peptones and which exhibits an optimum activity 
in the neighbourhood of Pg 5’0 ; secondly, a 
polypeptidase which attacks peptides containing 
a free amino group ; and thirdly, a dipeptidase 
which attacks dipeptides containing both a free 
amino and a free carboxyl group. The pg 
optima of the latter enzymes are between 7-0 
and 7-8 (W. Grassman and W. Haag, Z. 
physiol. Chem. 1927, 167, 188 ; W. Grassman 
and H. Dyckerhoff, ibid. 1928, 179, 18). 

Yeast has long been used ns a convenient 
source of vitamin B, a complex food accessory 
factor now considered to consist of a number of 
components. Of these, vitamins B^ and Bj 
are susceptible of definite measurement, and 
the amounts present in yeast vary widely. 
Apparently some yeasts can synthesise both these 
factors from nutrient media containing neither 
(J. C. Drummond and J. M. Whitmarsh, J. 
Inst. Brew. 1932, 38, 264). On the whole, it 
seems probable that brewers’ and bakers’ 
yeasts remove the vitamins from the malt media 
in which they are grown. In consequence, 
properly fined beer is almost or entirely free 
from vitamins, although the evidence on this 
point is conflicting. 

Analysis of Brewing Materials a1;d 
Beers. 

Mali . — ^The determinations normally per- 
formed are (1) moisture, (2) extract, (3) colour or 
tint, (4) diastatic power, (5) cold water extract, 
and sometimes (6) permanently soluble nitrogen. 
The processes are empirical and standard 
methods have been recommended by the' Analysis 
Committee of the Institute of Brewing (see 
J. Inst. Brew. 1933, 39, 517). 

Moisture . — Three hours’ drying at 1(M)°C. 
with precautions. Before the last traces of 
moisture are removed oxidation and decom- 
position have become appreciable. 
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Extract — Malt, ground in a standard null, is 
infused at 65 5“ (loO'F ) for one hour, dihrtedto 
10% concentration, filtered, and the specific 
gravity of the filtrate taken. The CTcess of 
gravity over 1,000 is multiplied hy 3 36, the 
result being “ brewers’ pounds ” per quarter 
Continent^ analysts rnasli the malt differently 
and calculate from the appropriate “ Plato ” 
tables the solid content of the wort in “de- 
grees Plato,” which is the number of grams of 
wort sobds contained in 100 g of wort Actually 
this table was constructed to represent cane 
sugar percentages, these being adopted as a 
standard. If P=the Plato figure so obtained 
and W=% water in the sample of malt analysed, 
then 100 g of malt having been extracted by 
800 g. of water, the extract of the malt 
= PX(800+W')-(100-P) 

To convert the results bj the British method, 
lb per qr into the corresponding ” Plato ” result 
for the same malt, multiply bj the factor 0 S02 

Colour of the 10% wort (or of beer) is deter 
mmed by the ‘ Lovibond tintometer using 
Ahe standard colour glasses of the “ senes 52 ” 
To convert the result into the corresponding 
result by the Continental method, expressed as 
c c of deemorraal iodine per 100 c c , multiply by 
0 086 

ZJi«(a(ie Poutr — 3 cc of a 5% cold 
water extract of the malt is allowed to act on 
100 c c of i% Ltatnec soluble starch coQtamtng 
2% of Dormal acetate buffer mixture. Pn ^ ^ 
for 1 hour at 21® (70*f' ) The result of the 
reducing power determinatiou is calculated to 
degrees on the Lintner scale 

Cold 17oler Barlract » calculated from the 
specific gravity of a S% extract (8% of N/10 
ammonia is mcluded to prevent enzyme action 
dunng the extraction) prepared at 21® (70*F ) 
for three hours Bj dividing the excess of 
siiecific gravity o‘cr 1,000 bvthe factor 0 3S6, 
tne percentage of soluble solids is obtained. 

Permanently eolubU mtro^en is determined on 
the 10% wort prepared in the determmation of 
“extract,” after boibng, making up to volume 
and filtering, using the lijeldahl or other 
suitable process 

Baw or prepared gram is analysed for extract 
by treatmg 60 g (previously gelatinised m the 
case of raw gram) in 300 c c of water at 65 5® 
(I50®F.) with 100 c c of 25% cold water mall 
extract at the same temperature, and digestmg 
for two hours After ddution to 606 c.e. and 
filtration the specific gravity of the filtrate is 
determined, and this, after deducting that of a 
control for the malt extract, is used for calcula- 
tion in the same waj as fh.vt employed in malt 
analysis. 

Hops — Peteimmation of preservative value 
(P.V.). 10 g, suitably sampled, arc extracted 

with ether in a Soxhiet extractor until at 
least twelve siphonings have taken place. 
After evaporating off the ether at 40® the residue 
is dissolved in methyl alcohol to 75 c.c Of this, 
15 ec. together with 35 c c. of 1% sodium 
chloride are repeatedly extracted with light 
petroleum, the latter taking out total soft resins 
— which are recovered and weighed as such. 
For the a-resin, 40 c c. of the methyl alcohol 
solution are precipitated at 60“ (I40“F.) with a 


1% lead acetate in methy 1 alcohol. The weight 
of lead »aU, weighed in a Gooch crucible, mul 
tiphed by 0 63, gives the weight of a-resin. 
% total soft reams— % a resin=% resin. 
PV = l(Ha-bj8/3) (see J. S. Ford and A. Tait, 
J. Inst. Brew. 1932, 38, 351). 

Beer — Original gravity is the most impor 
tant determination, and is made by distilling 
100 c c. until about 75 c c of distillate 
has collected Usually the fiask and still 
used are of “ Revenue ” pattern. Both 
distillate and residue are diluted to 100 c c. 
and their specific gravities determined. To 
the specific gravity of the residue roust be added 
the number of “degrees of gravity lost’’ 
equivalent to the alcohol in the distillate. 
This number is obtamed from the official table 
used for revenue purposes, using the difference 
between the specific gravity of the distillate and 
that of water (1,000) ; this difference being 
known as the “spirit indication.” A sum 

roary of the table from which mterpolations can 
be made is given here 

Corresponding 

Sptnt degrees of 

indications gravity lost. 

1 . . . 4 25 

2 . 8 50 

3 12 90 

4 17 30 

3 . 21*85 

C . 26-40 

7 . . 31 00 

8 35 65 

9 . . 40 30 

10 . 4500 

11 49 85 

12 ... 54 85 

13 . . 59 95 

14 . . . . 65*10 

This table is entiiely empirical m origin and 
the lattei is described together with a complete 
review of the subject by H. T. Brown (J. lost. 
Brew. 1914, 20, S69; see also R. H. Hopkins, 
ihd. 1927, 23. 320). 

Sulphur dioxidem beeris determined by distil 
Img 250 c c. of beer with 100 c c. of water and 
5 c.c. of glacial phosphoric acid in a stream^ of 
carbon dioxide The gas should be passing 
through the boilmg liquid before the beer is 
run m. The distillate is collected in saturated 
bromine water and the sulphur dioxide is 
estimated as sulphate. 

Beer is made in most parts of the British 
Empire, the United States, most European 
countries, and Japan. The last named country is 
to day one of the largest producers. Tq* 
fermentation (and infu«ion) brewing is practised 
mainly m Great Britain, Ireland, and certain of 
the Dominions, India, and to some extent m 
the countnes of north-west Europe. A little 
bottom fermentation (decoction) brewing goes 
on m Britain, whilst infusionand top fermenta- 
tion brewmg are not unknowTi, for mstanee, in 
Germany. Probably the strongest ale brewed 
m Britain is of about 1,120 original gravdy, 
but this IS rare, most beer ranging from 1,055 to 
1,035, similar ranges obtaining in mdst beer- 
lonsuzning countnes. The word “ ale w 
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usually confined to infusion products other than 
stout and porter, whilst “ beer ” is a more 
comprehensive term. (Historically, ale referred 
to unhopped and beer to hopped products.) 
Mild ale, the more lightly hopped, is usually of 
lower original gravity than the bitter. Of the 
beer consumed in England about 40-50% is 
mild ale, 35-40% bitter, 10-15% stout, and 6% 
is strong ale. Bottling and pasteurisation are 
on the increase ; in some countries, such as 
Denmark, most of the beer is pasteurised, some 
of it in special patent aluminium casks of 5J 
gallons capacity. In Germany stainless steel 
casks are being used, and in America beer is 
now being “ canned ” (pasteurised) instead 
of bottled. 

It is of very little use giving the typical results 
of analyses of beers, except so far as the per- 
centages of alcohol and residual solids are 
concerned. The quantities of ash, phosphate?, 
etc., naturally increase with original gravity, 
and are affected also by the proportion of 
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malt adjuncts used, being reduced by such. 
Roughly it is possible to deduce the proportion 
of adjuncts from considerations of the original 
gravity and residual nitrogen, but this always 
assumes the use of malts of normal nitrogen con- 
tent (L. J. Smith, J. Inst. Brew. 1926, 32, 220). 

The following table shows the range of 
percentages of certain constituents of beer, the 
higher figures corresponding to all malt beer. 
They are approximately true of lager as well as ale. 


Original 

gravity. 

Ash. 

PjOs 

1 

Nitrogen. 

1,050 

0-2-0-3 

J 

0-050-0'067 

i 

0'04-0-07 


As regards content of alcohol and of residual 
solids the composition of a number of beers is 
given in the following table, which includes 
extreme as well as average examples (A. C. 
Chapman, J. Inst. Brew. 1932, 38, 83) : 



Total solids. 

% 

Alcohol, 

% by weight. 

Approximate 
original gravity. 

Mild Ale 

2-32 

2-92 

1032-5 


2-53 

2-19 

1027-5 


5-17 

2-90 

1044 


600 

3-94 

1055-5 

General 

3-7-4-8 

3-1-3-3 

1042 

Bitter and Pale Ale 

2-23 

2-40 

1028 


6-87 

3-27 

1053-5 


4-63 

4-66 

1055 

General 

3-8-4-3 

3-6-3-9 

1046 

Stout and Porter 

3-86 

2-58 

1036 


7-04 

3-82 

1058-5 


5-78 

4-55 

1059 

General 

50-5-8 

3-45-3-75 

1050 

Strong and Old Ale 

6-72 

4-72 

1064 


10-42 

6-28 

1083 


6-15 

9-38 

1092 

Lager (English) 

4-89 

4-00 

1051 

Pilsener (German) 

4-14 

3-55 

1045 

Pilsener (Danish) 

4-45 

3-46 

1045 

Pilsener (Czechoslovakian) .... 

6-60 

3-54 

1059 

Jlunich 

6-55 

3-61 

1051 

American “ 3-2% ” 

11-0 

3-05 

1068 


B. H. H. 


BREWSTER ITE v. Barium. 

BR I CKS V . Buildiko Materials, Section I. 

BRIDELIA BARK or ASDUANA. The 
bark of Briddia montana is a useful Indian 
astringent (Dymock, Phann. J. [iii], 7, 309). 

BRILLIANT BLUES v. Axtheaquiwone 
Dyestuffs. 

BRILLIANT GREEN. Tetraethjddiamino- 
triphcnj’lmethane, 

EtjN-<^^^CPh=<^\=NEtj,, 

sulphate of a triphcnj’lmelhanc dyestuff. 


BRILLIANT PHOSPHlNESv. Acridine 
Dyestuffs. 

BR 1 MSTON E. The old name for sulphur, 
now used when referring to its inflammable 
character. 

BRITANNIA METAL is an alloy of 
variable composition, formerly largely used for 
domestic utensils and generally consisting mainly 
of tin, with which is alloyed from 6 to 10% 
antimony and 1 to 3% copper. In the cheaper 
qualities of this metal small quantities of lead 
and zinc are also present. Owing to increase in 
the price of tin, Britannia metal has been largely 
superseded by nickel silver, an alloy of copper, 
zinc, and nickel. 
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BRITISH GUM. 


BRITtSH GUM r. Adhesivts. 

BROCHANTITE. Abydratedhasiccappw 
sulphate, CuSO<-3Cu(OH),, forming br^ht- 
green orthorhombic crystals, found m Cornwall, 
Urals, etc. It is largely present in eome of Uie 
Chilean copper ores. 1. J. S. 

BROGGERITE. A crystallised variety of 
the mineral pitchblende or uranmite, found 
as small, isolated octahedra and cubo.octaIiedra 
in the felspar quarries near Moss in Norway It , 
contains about 80*’‘o uranium oxide, together; 
with thorium, lead, etc. Cltmle is a »eiyj 
similar, or identical, mineral found in the j 
felspar quarries near Arendal in Norway. ^ | 

B R O M A L. Tnbromacetaldebyde, 

CBr, CHO. Prepared by passing bromine into 
a solution of paraldehyde in ethylacetate(Pinner, 
Annalen, 1875, 179, 68), or by passing bromine i 
into absolute alcohol, fractionally distiUing the I 
product, and treating the fraction boiling at I 
165'’-180” with water. The bromalhydrate 
thus formed is decomposed on distdlation into 
bromal and water (Schaffer, Ber. 1871, 4, 366; 
Lowig, Annalen, 1832, 3, 283). Bromal is an 
oily Iiqiud, bp 174“/7M mm ; apgr. 3 3-1. 
Alitalia decompose it on heating into bromo j 
form and a formate. 

Bromalhydrate, CBrjCH(OH)j. ciyatal 
lises from water m colourless monoclinic prisms 
cODtaming one molecule of water of crystalbsa. 
tioo, m.p. 53 5” It 13 less soluble than choral 
hydrate (Pope, J,G S. 1899, 75, 460). The fusion 
and density curves have been determined by 
Efremov (J. Russ Fhya. Chem. Soc. 1918, 50, 
333). 

Bromal Atcoholates. Bromaletbylalco- 
holate, CjHBr.O CjH.O, is a crystalbne eobd, 
m.p. 44^ ; readily soluble m alcohol, sparingly 
soluble m water (SchaS'er, 1 e ). 

The following condensation products of 
bromal have b«n prepared : Broinalammonta 
(Schlfi and Tassinan, Ber. 1877, 10, 1786); 
compound with haeamethyUneUtrammeCLedwr, 
BP. 17693. 28/7/97; J.S.C I. 1897, 16, 1039); 
compounds with foTTnaldehydt (Pinner, Ber. 
1900. 33, 1432) ; with aetiald^yde (Nakai, 
Biochem. Z. 1924, 152, 258) ; bromalduKtlaU 
(Gabutti, Gazzetta, 1900, 30, u, 191) ; 
bromalgiycohle (Gabutti, J.C S. 1902, 82, i, 261) ; 
and bromahhloralcarbamide, 

CBr, CH{OH) NH CO NH CH(OH) CCI, 
(Kalle and Co , G P. 148462 ; J.C.S 1902, 82, 
i, 429). The reaction between bromal and urea 
has been further investigated by Chaltaway 
and James {Proc. Roy. Soc. 1932, A, 137, 481) 
and also by Yclburgi (J. Indian Chem, Soc. 
1933, 10, 383). 

The condensations with hydrazine, benzald* 
azlne, and semicarbazide have been examined by 
Knopfer (Monatsh. 1916, 37, 357), who gives 
details of the products obtained. 

BROMBUTOL. Brometane. Tribromo- 
lert-butyl alcohol, CBrj-CMe, OH; crystals, 
m p. about 167®, slightly soluble in water, 
pranced by acting on bromofonn with acetone. 
Sedative. 

BROMELIA, This synthetic perfume is 
P naphthyl ethyl ether, Cj^H^-OEt, it has 
a powerful neroli odour, and is known as 


Kerohn 11. It has been — and is sometimes 
, — also known as fragarol, although this name 
1 IS now usually assigned to the correspond, 
ing ijobutjl ether. It has m.p. 36°-37°; bp. 
280*-282® ; sp gr. at 40® 1 0547. E J P. 

BROMELLITE. A mineral consisting of 
beryllium oxide, BeO, and named after the 
Swedish mineralogist Magnus von Bromell 
(1679-1731). A few mmute white crystals 
have been found m an iron mine at Lingban in 
Sweden. These aro hemimorphic hexagonal 
pnsms with the zincite (ZnO) type of crystal 
structure, and they are pjToelectnc. They are 
remarkable for their high degree of harness 
(H. 9), equal to that of corundum and amongst 
tmnerals exceeded only by diamond ; sp gr. 
3 017. The mineral is insoluble in acids and is 
not attacked by fused alkali carbonates, but is 
decomposed ^ fused KHSO4. Analysis 
showed 98 02% BeO, with small amounts of 
CaO, BaO. AI.O,. etc. (G. Aminoff, Z. Krist. 
1925.62.113). L. J. S. 

BROMINE. S>Tnbol Br, at. wt 79916, 
aL no. 35, isotopes 79, 81 Bromine is one of the 
halogens and is the only element other than 
mercury which is liquid at ordinary temperature 
and pressure. It was discovered by Ballard 
m 1826. It derives its name from a 

steneb 

At ordinary temwratures and pressures 
bromine is s ^rownisn red liquid with a most 
irritating smell It is very volatile, the vapour 
IS yellowish red becoming less transparent when 
heated. Its boiling point as determined by 
Pierre, 1847, is 63®; Dy Andrews, 1848, 55*/760 
mm.; by Thorpe 59 2*®/751 mm j by Ramsay 
and Young 37 65®/749'8 mm., 68 85*/755 8 mm., 
58 7®/771-2 mm. Its melting point, by Ram- 
say and Young, is 7 0-7'47* (J.CS. 1886, 49, 
453). 

Liquid bromine has 3 18838 (Thorpe); 
if free from chlorine 3 10227 (Andrews and 
Carlton). The coefficient of expansion is 
00011 between 25“ and 30®. The specific heat 
of solid bromine is 0 08432 g.-cal., of the liquid 
0 1071 g.-cal , and of gaseous bromine 0 0555 g<- 
caL 

The lateqt heat of evaporation at b p. is 45 6 
g.-cal., the critical temperature is 302 2®. The 
vapour pressures at various temperatures taken 
from B. Roozeboozn (Rec. Trav. Chim. 1884, 
314) and Ramsay and Young (J.CS. 1886, 
49, 433} are : 


*0. mm He 'C. mm Hg. 
-80 0 0 13 12-55 119 

-59 9 0 79 16 40 139 

-41-3 2 89 18-15 152-5 

—19 4 16-7 20-6 172 

-10 05 35-0 22 65 190 

- 7-1 44 5 25 05 212 

- 0-13 62 29 8 259 

1-8 67 3 34-7 314 

4-0 77-3 39-6 378 

4 95 82 45-6 478 

5 95 86-5 49-8 553 

7-90 95 54-7 658 

9 95 104 59-5 768 



BROMINE. 


107 


The solubility of bromine in water (Winkler, 
Cheni.-Ztg. 1899, 23, 687) is : 


Temp. 

1 part Br is 
dissolved in 

100 parts HjO 
dissolve 

100 parts Br 
water contain 

‘’C. 

parts H,0. 

parts Br. 

parts Br. 

0-00 

24 

4-167 

4-00 

10-34 

26-74 

3-740 

3-62 

19-96 

27-94 

3-578 

3-46 

30-17 

29-10 

3-437 

3-33 

40-03 

29-02 

3-446 

3-34 

49-85 

28-39 

3-552 

3-41 

The solubility of bromine in water is influenced 

ly the presence of chlorine as indicated below : 

C), g. 

per litre 

5 10 

15 20 

Br, g. 

. dissolved 

46 56 

55 54 


24 

NH4CI 

82-2 

77-7 

NH.CjHjOa 

340-5 

55-9 

KBr 

88-5 


Salts affect the solubility of bromine in water. 
The solubility (in g. per litre) with 1 g. mol. of 
the following salts is : 

NagSOj 
(NH,},SO, 

NaCI 

The solubility of bromine in the final mother 
liquors of bromine manufacture is of technical 
importance : 

At 2“ 10° 20° 30° 40° 50° 55° 

64-4 64-0 6.3-6 63-2 60-8 60-0 58-4 

g. Br are soluble in 1 litre. 

The following table (J. Slessor, .T. nat. Phil. 
Edinb. 1858, [ii], 7, 289) gives the specific 
gravity of aqueous solutions of bromine of 
different concentrations : 


Parts Br per litre. 

Sp. gr. at 13-0' 

10-72 

1-00901 

11-68 

1-00931 

12-05 

1-00995 

12-31 

1-01223 

19 

1-01491 

20 

1-01807 

31-69 

1-02367 


The vapour pressure of bromine water over 
liquid bromine is given in the table below 
(Roozeboom, Rec. trav. chim. 1884, 3, 75) : 


Temp. °C. 
0-0 

2-0 

3-0 

3- 95 

4- 95 

5- 95 

6 - 2 

6- 95 

7- 95 
10-0 
12-5 
16-9 


mm. Hg. 
68 
76 
80 
83 
88 

92 

93 
96 

101 

110 

124 

146 


Bromine water when cooled deposits bromine 
hydrate in hyacinth-red octahedral crystals. 
Giran (Compt. rend. 1914, 159, 246) proposed 
Brj.SHjO on the strength of thermo-chemical 
and analytical data in the place of the com- 
position Bpj.IOHjO usually given (Lowig, Ann. 
Phys. Chim. 1829, 16, 376). The solubility of 
water in bromine is uncertain ; according to 
Wildermann 100 mol. Br dissolve 0-4 mol. HjO. 


Bromine is very solublein alcohol, ether, carbon 
disulphide, chloroform, carbon tetrachloride, 
hydrogen chloride, arsenic chloride, sulphuryl 
chloride and sulphur dioxide. Sulphuric acid 
dissolves traces only. It is miscible with liquid 
chlorine and appreciably soluble in compressed 
gases, particularly oxygen, which at 300 atm. 
holds six times the quantity with which it is satu- 
rated at ordinary atmospheric pressure. 

Bromine reacts vigorously with hydrogen, 
sulphur, phosphorus, arsenic, antimony, tin, 
aluminium, the heavy metals and potassium ; 
but it does not react with sodium or magnesium 
even at 200° (Merz and Weith, Ber. 1873, 6, 1518). 
It combines with unsaturated organic compounds 
and acts as a bleaching agent and disinfectant. 
Its vapour acts on the mucous membrane 
and occasions great irritation. Respiration of 
the vapour causes diminution of red corpuscles 
and of the content of hEemoglobin in the blood. 
The extent of diminution increases with the 
quantity of the vapour administered, but not 
with repetition of the treatment. Habituation 
of the animal organism to bromine is attainable 
by gradual increase in the dose, but when 
continued, small doses produce hsemolysis 
(Marino, Arch. Farm, sperim. 1920, 29, 48). 

Bromine crystallises in the orthorhombic 
system and is isomorphous with chlorine. 
The crj’stals are strongly pleochroic, the 
absorption being dark brownish-red parallel 
to the principal (prism) axis, yellowish-red 
parallel to the long lateral axis, and paleyellowish- 
green parallel to the short lateral axis; with 
decreasing temperature the intensity of colour 
dimim'shes becoming pale yellow at the tempera- 
ture of liquid air due to gradual disappearance 
of pleochroism (Walter Wahl, Proc. Roy. Soc. 
1913, A 88, 348, 313). Bromine is opaque to 
X-rays ; the degree of opacity of bromine com- 
pounds is in direct proportion to their per- 
centage of Br. 

Uses. — ^Before the Great War the principal 
consumption of bromine was in the manufacture 
of bromine compounds for use in photography, 
dyes, and drugs ; for compounds such as bromo- 
form (sp.gr. 2-9), and as a chemical reagent. 
During the war the consumption increased owing 
to the use of tear gases. Since the war the 
production of ethyl bromide in connection with 
the manufacture of anti-knock compounds for 
motor-car engines is much greater than the 
pre-war output. 

Occurrences. — Bromine has a wide distribu- 
tion both in the hydrosphere and in the solid crust. 
It is never found free and occurs in nature chiefly 
in combination with alkalis and alkaline earths, 
also ^ AgBr, bromargyrite or bromite, as 
embolite isomorphous with AgCI in Mexico, 
Chile, Honduras, in some Silesian zinc ores, and 
in Chile saltpetre. It occurs in sea water and 
is a constituent of many marine plants and 
animals. Bromine, as tetrabromindigo, has 
been found to be secreted by certain species of 
Mtirex, and is an essential constituent of the 
Tyrian purple of the ancients. Traces of 
bromine are occasionally to be met with in 
coal, and hence in gas liquors. The granite 
of Fredrikshald contains 2 mg., and the basalt 
of Daltenberg, near Linz, 8 mg. per kg. ; iron 
meteorites contain 2-2 mg., stony meteorites 
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20-20 mg. per kg The sprmga of Schul* I 
Tarash contain 0-29 mg , and of Va! Pmestra I 
1-35-3 75 mg per litre. In the mineral springs I 
of Germany the bromme vanes from a trace to ! 
over 100 mg. per kg of water, while those of , 
France contain from a trace to 16 mg per kg. of 
water. 

The important sources which are given here 
under are in certain hot springa and mineral, 
sprmgs, in sea water and some inland lakes 
(Report Imp Inst 1928) 

British Emeire — Bromine is at present 
only produced from Dead Sea brine within the 
British Empire, but there exist sources whence 
supplies of bromine might be obtamed if 
necessary, the Rann of Cutcb in India being the 
most important. 

United Kinodom. — Brme from the Point of 
Ayre, SaJtfield, Isle of Man, contains 0-16% of 
bromme. It occurs m the mineral springs at 
Woodball Spa 

The Salt Union, Ltd , of Cheshire, pump 
600 xmliion gallons of raw brme per year for salt 
manufacture , this contains 0 08 g. of bromine 
per litre, and corresponds to a total bromme 
content of 180 tons The operations of the 
company are, however, earned on over a 
scattered area, and under present conditions of 
production the recovery of the bronuoe is 
regarded as commercially impracticable 


India. — The brine from manufacture of salt 
m the Rann of Cutch contains what is considered 
a workable quantity of bromine, the total of 
which IS stated to amount to 1,800 tons annually. 

Wallis found that the bromine content of 
fresh brme varied from 0-0 025%, while that 
of the bitterns varied from 0 25-0 5% . Analyses 
made at the Government Laboratory, London, 
showed the average bromine content of five brine 
samples to be 0 06%, and of the three bittern 
samples, 0 53%. In an actual experiment made 
on 160 gallons of bittern at the magnesium 
chloride plant at Kharaghoda, it was found that, 
after the removal of magnesium chloride and 
magnesium sulphate by crystallisation, there 
were 64 gallons of liquor left, which contained 
1-18% of bromme. The amount corresponds 
to 0 4% for the original liquor. Bromine also 
ocenrs m the mother - liquors of Chepauk 
(Madras). 

The question of establishmg a chemical 
mdustry in connection with the salt industry at 
Kharaghoda, which would probably involve the 
recovery, amongst other matenals, of bromme 
and potash, has been under consideration. 

Palestine. — The following analyses were 
made m the Government Laboratories, London, 
from samples taken by Major Brock, m 1919, 
representing the composition of Dead Sea water 
at venous depths : 


Composition. 


Depth. 

Spgr 

KC) 


B9 

mjn 





Surface 

M646 

9 96 

4-45 

7096 

109 60 

31 01 

1 32 


227-10 

20 ft 

M766 

10 55 

609 

74-67 

117 0 

33 20 

1-45 


242-76 

100 ,. 

1-2036 

13-21 

6 12 

8022 

141-72 

40 09 

0 06 



282-32 

300 ,, 

1 2363 

15-11 

7-24 

92 69 

1703 

46 95 

0 63 



332 82 

360 „ 

1-2343 

16 67 

7 30 

87 38 

169 04 

46 66 

0C4 



326 69 

490 „ 

1-2354 

16 89 

8 07 

87 09 

169-21 

46 36 

0 60 



327-72 

630 

1-2360 

16 69 

800 

87 64 

109-72 

47-16 

0 62 



328 83 

1,085 „ 

1-2357 

15-64 

7 83 

86 61 

170 68 

47-46 

0 63 

0 32 

327-63 

1,090 „ 

1-2366 

14 96 

700 

93 32 

168 9 

47-91 

0 68 

— 

333 08 


The quantities of salts in the Dead Sea arc, 
therefore, approximately ; 

Potassium chloride . 2,000 million met. tons. 

Magnesium bromide 980 „ ,, „ 

Sodium chloride . 11,000 ,, ,, „ 

Magnesium chloride 22,000 ,, „ „ 

Calcium chloride . 6,000 „ „ „ 

The liquors left after the separation of the 
carnallite have a spgr. of 1-34 and consist of 
about 3 parts of magnesium chloride and 1 part 
of calcium chloride together with magnesium 
bromide. The amount of the latter is then 
about 1-5%. By further solar evaporation 
during the months of July, August, and 
September, magnesium chloride can be separated 
as a network of long crystals which can tie easily 
handled. The liquors after such a separation 
contain no more bromme, as magnesium bromide 
crystallises out with magnesium chloride. 

Origin . — The origin of the potash and 
bromme, as well as a considerable portion of the 


. other salts, is doubtless in the hot sprmgs as is 
indicated by the analysis of the Tiberias hot 
springs maae at the Government Laboratory, 
London. 


I Calcium carbonate, CaCOj . 

' Calcium sulphate, CaS 04 . 
Calcium chloride, CaClg 
Strontium chloride, SrClg • 
Magnesium chloride, MgClj 
Magnesium bromide, MgBfj 
Sodium chloride, NaCI 
Potassium chloride, KCI 


8 62 
015 
2 30 
0 26 
17 03 
0 55 


Of these salts the concentration of all but 
the etrontium chloride is well known. The 
volume of the springs discharging at the surface 
would not account for the amount of potash 
which is yearly delivered by the Jordan mtu 
tho Dead Sea, viz. 40,000 tons, for that of the 
Tiberias springs is leas than 400 tons. The 
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solution of the problem is, however, indicated ] Jordan in passing through the lake becomes 
in analyses which show that the water of the I charged with salts. 


PAKTS FEB MiLLioir. 


Galilee incoming water, Galilee outgoing Jordan. ^^Alknby 


I. Chlorine, Cl 

9-6, NaCl 16 

NaCl 330 

316, NaCl 290 

2. Sodium, Na 

10-0, NaHCO, 13 

117 

3. Magnesium, Mg . 

7-8 

28-5, MgCL 63 

62, MgCI, 185 

4. Calcium, Ca 

46-0 

48 

73 

6. Sulphate, 80^ 

5-6 

38 

6-3 

6. Carbonate, CO3 . 

60-0 



166 

7. Bromine, Br 

not detected in 6 litres 

2 

3 

8. Potassium, K 

2-0 

7 

10 


1 to 6, by Irwin ; 7 and 8, by Government Analyst, Jerusalem. 


Peance. — T he potash mines of Alsace are 
the principal source of bromine in France. 
Mother-liquors utilised in the basin of Mulhouse 
have the following composition : 

KCl . . .14 per cent. 

NaCl . . .24 „ „ 

CaSO, . . .2-5 „ „ 

MgCl^ . . . 0-12 „ „ 

2-1 g. broraine per litre. i 

There exists still another very abundant 
source of bromine in certain saline lakes of North I 
Africa and, in particular, in the Sebkha el Melah 1 
of Zarzis with a surface of 16,000 hectare. 

The mother-liquors of this lake contain : 

NaCl . . 168 g. per litre. 

MgSOi , . 32 „ „ „ 

MgCl,. . . 141 „ „ „ 

KCl . . . 13 „ „ „ 

2-24 g. bromine per litre. 

The natural density of the liquors is about 
27° Baumi, and they contain as much bromine 
per cubic metre as 40 cu.m, of sea water. 

When they are concentrated to 30-3° B6 by 
solar evaporation, the content of bromine 
increases to 8 kg. per cu.m. 

Sallems. — The mother -liquors of the salterns 
of the coast of France, after separation of salt, 
have a varying composition with an average 
content of salt as follows ; 

NaCl . , 1 54-24 g. per litre. 

KCl . . 22-12 „ „ „ 

MgClj . . 112-43 „ „ „ 

MgSO^ . . 77-19 „ „ „ 

NaBr . . 2-74,, „ 

Germany. — ^T he bulk of the world's bromine 
is produced from the potash deposits of Stass- 
furfc, Germany. These deposits extend over an 
area 250 miles long and 140 miles wide in the 
Prussian provinces of Saxony and Hanover. 
The chief potash salts are carnallite, kainite, and 
sylvite ; the carnallite may contain about 
0-20% of bromine. As about 10 million tons of 
carnallite are mined per year, the amount of 
bromine is 20,000 tons. Only a small pro- 
portion of this is produced, however, owing to 
the restricted market, there being but a dozen 
bromine plants amongst 60 or so companies 


producing potash and operating over 200 
potash mines. 

The mother-liquor left after the extraction 
of potash at the potash works contains about 
0-25% of bromine in the form of magnesium 
bromide. 

German bromine is sold in three grades : 
(1) crude, containing 2-5% of chlorine ; (2) re- 
fined, containing 0-3% ; and (3) chemically 
pure, containing a trace of organic matter but 
no chlorine. 

Compoaiiion of molher -liquons . — The com- 
position of mother-liquors utilised in the potash 
mines of the basin of Stassfurt is apparently the 
following : 

Bitterns called Endlaugen. d 1-31. 

• • 318 g. per litre. 

• • fO 

j,. >» »> j, 

NaCl . . . 12 „ „ 

2-4-6 g. Br per litre in the form of MgEr^. 

Bitterns called Urlaugen. d. 1-26. 

NlgCIg . . 236 g. per litre. 

Caa. . . 116,, „ 

KCl • ■ -32 

NaCl. . . 9, 

3-5 g. Br per litre. 

United States.— The production of bromine 
from the bitterns left after salt production has 
been carried on in the United States since 1840, 
principally in the States of Michigan, Ohio, and 
West Virginia. The brines are of comparatively 
low grade and contain from 0-038-0-180% Ohio, 
from 0-023-0-139% Michigan. Bitterns pro- 
duced from ocean water at San Diego, California, 
contain about 0-2% of bromine, whilst those 
produced at saltworks in San Francisco Bav 
contain about 0-36%. The two principal com- 
pames are tho California Chemical Company 
and the Dow Chemical Company at Midland, 
uHcnigan, which has in recent vears produced 
about t^ee-quarters of the output of bromine 
m the United States. 

Brozmne is now produced directly from sea 
water by the Ethyl Daw Co. Inc. on the lonm 

TloTrr\TT7 . .. . o’ 
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water 3s pumped from the ocean and discharges 
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into this nver. Vanou* methods were tried, 
but that finally adopted consista of liberating 
the bromine with chlorine and blowing out with 
air. In order to suppress the combination 
of the elements of water with bromine, 
3Br,+3H,0 HBrO,+ 5HBr, 
the hydrogen ion concentration must be increased 
to a Ph 3 to 4, which is accomplished by the 
addition of 0 27 lb of 96% sulphuric acid to one 
ton of sea water The control with the use of 
such enormous quantities of water is effected 
by measurement of the oxidation potentials 
between a saturated calomel electrode and a 
platinum electrode With 60 to 70 parts per 
million of bromine (3 5% total sobds in a 
solution acidihed to Pk 3 to 4), the potential 
rises to 0 83-0 07 >olt8 with the complete 
liberation of bromine, both and potential 
being show n meters The use of anibne as a 
earner of bromioe 
3NaBr+3CI,+ C,Hj NH, 

-► CjH^Br, NH,4-3NaCI+3HCI, 
was abandoned, as it inrohes the use of s 
expensive raw material and requires twice i 
much chlorine In each extraction unit after 
introduction of HjS 04 and Cl| the sea water is 
pumped to the top of the blowing out tower, 
where it passes in aprajs down the tower which 
IS filled with wood packing and meets the counter 
current of ait, this cameaoff the bromioe to the 
absorption tower, where it passes through sac* 
cc«aire chambers in which a solution of ^da ash 
IS circalated in various stages of concentration 
The reaction is represented by the equation : 
3NajCOft*36r|=6NaBr4-NaBrO,-f-3COt 
The bromine is then recoiered from the salts 
bv the usual methods. The capacity of the 
plant, which was 7| short tons per day, u to be 
increased to 10,000 tons per annum 

The bromine u used in the manufacture of 
eth>Icnc dibromidc (L. C. Stewart, Ind Eng 
Chem 1934,20,368) 

Develofmest op the BnoiaxE Ihdpstry 
IS Frakce. — B''fore the war there was but one 
small factory owratuig at Pond de Bcrre in 
France. Several lactones were built during the 
war both in France and Tunis, but these ceased 
their manufacture in 1918, save that of Salins^de* 
Giraud, which contmued and was the onlv one 
until 1920, when the “ Mines Doinmialra dc 
Potasse d Alsace” and the “Mines de Kali- 
Sainte-Therteo ” establuhcd factories at Amelie 
and Knsisheim. 

The following details and desenptions of the 
plant and the process for the recovery of the 
bromine are taken from a paper by Kalteobach 
(Chim. et Ind 1931, 25, 543), who supplied the 
plant. 

The first plant constructed was similar to those 
started during the war, but the later models 
show considerable improvements, and theygiie 
3 or 4 times the production of (be old type. 

The essential feature of the process is the 
circulation of the liquors between the solution 
Tata and the crystallisation plant, the bromine 
being removed as a by-product tit route. Aa 
bromine is extracted at each passage the content 
decreases progressively until s state cf eqni* 


Iihrium is reached, when it does not pay to carry 
the process further. The residual liquor then 
contains about 2*1 g. per litre, but can be 
somewhat further reduced in the improved 
plant. The process is based on the displace- 
ment of bromine by gaseous chlorine, wnich is 
brought into close contact with the mother* 
liquors previously heated to a temperature of 
ebullition. The plant is designed to give con 
tinuous working, and each unit consists of a 
tower made generally of granite in which are 
perforated stoneware slabs through which the 
liquors at a temperature of about 75” fall as a 
spray, while the hot vapours and chlorine 
inject^ from near the base are forced upwards. 
The various plants are designed to brmg about 
intimate contact between the chlorine and the 
bqoor and to effect complete removal of the 
bberated bromine which is then condensed. In 
order to effect a gradual ascent of the bromine 
vapour Kubierschky divided the tower into 
compartments, steam being injected at the base 
and chlorine at the third compartment. Com* 
miuifcatfon is provided for the esceadmg vapoars 





by means of vertical pipes passing from the base 
oi «»ch compartment through holes in the 
perforated plates to the top of the compartment 
above, through which steam carries the liberated 
heavier bromine vapour constantly upwards. 
The descent of the mother-hquors between the 
compartments is effected by two water sealed 
valves placed crosswise. The cold liquors 
obtained from a storage hasm are raised to a 
temperature of about 70“-76“ by exchange of 
heat from the hot exhausted mother-liquors 
which have a discharge temperature of 107“ 
(Al^e) and 110®-114® (Stassfurt), 
A'mfrfliiaa/ion of inolher-Jiguore. — The ex- 
hausted hot mother-liquors, after leaving the 
column, traverse first of all a east iron vessel 
filled with iron turnings, which fix any bromine 
earned away in the issuing liquors; these pass 
into a receptable filled with calcareous stone*, 
the purpose of which is to neutralise any 
acidity. A fine stream of thiosulphate of soda 
absorbs the last traces of bromine. 
Na,S,0.-}-8Br+6H.0 

= Na\s04+8HBr-bH,S04 
The hot liquors are finally discharged into a 
heat exchanger (economiser) where their heat 1* 
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partially absorbed by the fresh mother-liquors 
which pass through a series of pipes before 
entering the towers. The bromine vapours,- 
arriving at the top of the column under the 
chlorine recovery compartment, follow a pipe 
in the form of a siphon before passing through a 
serpentine condenser in earthenware from which 
they fall into a separating bottle. 


The liquid bromine mixed with some bromine 
water leaves the condenser and is collected in a 
glass Florentine separating bottle. The bromine 
flows through a lower tube a, while the water 
follows tube b, which permits of its return 
through the chlorine injection tube, and so 
re-enters the tower (Fig. 1). ‘ ' 

It is easy to see that the separating layer 




[Entrance of 
I mother liquor 




16 water- 

sealed 

valves 

Gas 


^////////////zm passage 
SECTIONAL PLAN 
Fm. 3. 


between the bromine and water must be at a 
height : 

H_ D density of bromine , 

/i d density of the bromine water ^ 

Itcfininff oj bromine . — The bromine then flows 
towards n refining apparatus. The operation 
has for its aim the separation of chlorine by 


reheating in a sort of dephlegmator. In fact, 
the chlorine being more volatile than bromine, 
the vapour contains more chlorine than 
bromine : 

roCI,. Cl 

^■2 rr g-pvap. 

The apparatus consists of a thick leaden or 
earthenware receptacle filled internally with 
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Ltinge plates of stoneware (perforated earthen- 
ware) and heated by a steam-bath. The 
bromine is heated progressively up to the 
temperature of about whien is carefully 
controlled. The vapours consisting of a 
mixture of cUonne, bromine, and chlonde of 
bromine traverse first of all a eerpenlme stone- 
ware flux condenser which condenses a certain 
quantity of vaporised bromine, while the mixed 
s apours containing chlorine are conducted to 


the upper compartment of the tower n here they 
are absorbed by the entering mother liquors. 

The quantity of chlorine injected into the 
tower 13 controlled to an appropriate quantity. 
The colour of the bromine waterin the separating 
bottle, which is more or less red, furnishes a 
fairly precise indication of any great excess of 
inject^ chlorine. 

The bromine finally traverses a small 
serpentine lead (or glass) refngerator, and is 



then collected in a glass storage bottle from 
which the bottles of commerce are filled. 

Modt o/ pacUng . — ^The bottles into which 
the bromme is drawn have generally a capacity 
of 1,200 c.c. and contain 3 75 Lg. of pure 
bromine. They are of glass, of a brown or bine 
colour, and are prouded with ground glass i 
stoppers. The packing IS done in boxes contain- 1 
ing 4 or 6 bottles protected by ash or ^ 
kieselguhr. 

The above description refers to the type 
of plant such as was started first in central 


France, m Tunis and Alsace, and is still common 
in Germany. The towers comprising the stone- 
ware plates and the outer shell had a total 
Ecction of 49 sq.dm, and treated about lOOcu m. 
of mother-liquors in 2 1 hours. 

The extraction of bromine was about 70%. 

i?efe«f tniprotemenlt . — In order to assure an 
efficacious reaction between two fluids, it w 
necessary that their contact be also as intimate 
as possibltf, a condition obtained by increasing 
the surfaces of reaction. Permanence of the 
plant was also required. 
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In the old type of tower the contact between 
the liquid and gas was only imperfectly assured, 
each of them following the path which offers 
the minimum resistance and opposing each 
other only in limited zones. On the other hand, 
the Lunge plates present the unsatisfactory 
condition of retaining only an _ insignificant 
volume of liquid, and _the duration of action 
being therefore very short, reduces to a minimum 
the reciprocal action of gas and liquid. 

In order to remedy these defects the colunm 
was modified by Walter and Horst, as shown in 



Fig. 3, while the general design of the plant is 
represented by Fig. 4. 

The new arrangement of the column forces 
the gas and the liquids to follow absolutely 
parallel paths, augmenting thus their reciprocal 
action and increasing the duration' of the action 
of the vapours. 

From Fig. 2 it will be seen that the passage 
of gas from one compartment to the next in the 
new plant is made not by tubes but by passages 
built in the partition wall of the column which 
extend through the whole breadth, thus en- 
suring equal pressure and uniform movement of 
the gas and vapour through the compartments. 

On the other hand, the fall of liquid is no 
more effected b}' two but by a large number of 
water-sealed valves in order to assure from the 
start of the process a uniform distribution of 
liquor over the whole section. 

VoL. II.— 8 


Finally, the compartment plates are arranged 
as indicated in Fig. 5, pierced with conical botes 
surrounded by raised edges, which permit the 
liquid to remain a certain time on the plate, 
thus augmenting the duration of the reaction. 

. The perforations, in consequence of their 
conical form, help to entangle the vapours 
the liquors, an action also assisted by each hole 
being opposite a plain surface of the lower plate. 
The progress of the liquid is thus arrested after 
each fall. , 

Practical experience has shown plainly the 
remarkable efficiency of this arrangement, which 
permits besides to construct columns as large as 
is desired with the assurance that the efficiency 
of the plant will be maintained. The new 



columns allow 5 cu. m. per sq. dm. to pass in 
24 hours. There is nothing to prevent the con- 
struction of towers to treat 600-700 cu.m., and 
even more, in 24 hours, with the certainty that 
the re.sults will be equally good. 

WorHnff conditions . — Continuous and regular 
working is indispensable in the plant if it is 
desired to obtain maximum output ; also : 

(1) the quantitj' and temperature of mother- 

liquors must remain constant during 
the process ; 

(2) the volume and the pressure of the 

chlorine and steam should be main- 
tained constant. 

The flow of mother-liquors is regulated by 
accurate valves, and can alto be controlled by 
flow gauges or measurements of inflow and 
discharge. Variations in the economisers are 
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negligible since the temperature of the exhausted ' 
mother liquors remains constant 

In order to regulate the amount of steam it 
IS advisable to use pressure regulators such as 
the Area or Askania type, and thus to mamtain 
the pressure absolutely constant. It is also 
necessary to see that the regulators remain 
always in a perfect uorking condition This 
precaution is still more important for regulating 
the quantity of vapour injected directly into the 
column, for, when mother liquors poor in 


bromine are treated, the slightest \aristion in 
the quantity of injected vapour can either stop 
the release of bromine when the pressure drops 
or cause the passage of tho water vapour into the 
condensation apparatus, which may have dis- 
agreeable consequences. 

RegulaUon of chlorine , — For regulating the 
cbinnneasmall and extremely simple apparatus 
represented by Fig, 6 is used, the working of 
which is very satisfactory. 

' The gas, the speed of which is regulated by a 


Liquid bromiiK 

Exib passage for, entrance 
chloi me mixed witli^ 
bromine 


Motto Chaney 



needle valve, enters through a tube pierced 
above the level of the liquid at an appropriate 
height. 

It is readily seen that the supply of chlorine 
will be given by tbe formula : 

V=KSV2sh 

in which the volume of chlorine V js a function 
of the section S of the hole multiplied by the 
root of the height h. It is therefore this ^ght 
which should be maintained by the workman, 
to the value which will have been fixed for him 
in advance. 

The distribution of chlorine is uncertain, 
especially in towers of great capacity, if the gas 
IS all injected through one pipe: toassure there- 


fore the relative value of the partial currents of 
, distribution when a single pipe is employed, 
it Is eufiicient to furnish the bottle vnth tbe 
desired number of plunger tubes of distribu- 
tion, each pierced with a hole of appropriate 
dimensions coirespondmg to the partial flow 
desired. Any lowering of the level m the 
entrance tubo is balanced by an increase m 
height of the liquid in each of the distributmg 
tubes. The pressure is regulated by introducing 
water through the funnel, which at the same 
time governs the flow of chlorine and provides a 
means of measuring it. 

Sefning of the bromine. ~-ThG old refineis 
were constituted of thick lead cylinders of 50 cm 
diameter, fitted internally vnth a stoneware 
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plate and placed in basins heated by steam. 
The volume of liquid bromine amounted to not 
more than 1 c.c. in a second, and its distribution 
over a large transverse surface, and consequently 
its vaporisation, was defective, some of the 
bromine falling directly to the bottom. 

In the new apparatus, Walter reduced the 
section of the container and altered the shape 
of the superimposed plates to an annular basin- 
like form (Figs. 7 and 8), in each of which the 
bromine is forced to remain a certain length of 
time, and offers to the vapours as they pass 
between the successive plates a prolonged- con- 
tact. The issuing vapours mixed with bromine 
and chlorine then traverse a serpentine reflux 
which condenses a part of the bromine, while 
the chlorine continuing on its way is recuper- 
ated by absorption in the mother-liquors, 

Whereas in the old 


When these come into contact with the cUorine 
in the bromine tower they decompose, giving off 
complex products such as chloroform as well as 
carbon dioxide and other gases which disturb 
the working of the process. In order to 
eliminate these, the preliminary acidification of 
the mother-liquors with sulphuric acid has 
sometimes b6en recommended, but the remedy 
is not complete, and the waters thus treated have 
a troublesome tendency to form foams which 
also hinder the process. The consumption of 
chlorine increases greatly with this type of 
liquor. In practice it rises to 1 kg. or even to 
1-1 kg. per kg. of bromine recuperated in the 
saltern mother-liquors as against a theoretical 
quantity of 0-445. 

With the mother-liquors of Stassfurt the 
consumption is only 0-58-0-60. Those of Alsace 


Bromine 


Discharge of 
sulphuric acid' 



Level of 
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type, this absorption 
is effected in the upper 
compartment of the 
tower, in the new type 
the chlorine absorbing 
compartment is re- 
placed by a small 
column (Fig. 8) com- 
pletely independent 
and of small diameter 
and appropriate to the 
volume of chlorine to I. evel of bromine 
be absorbed. The 
absorption is effected 
by the cold mother- 
liquors and the en- 
trance to the column 
is no longer from 
above, but through 
one of the inter- 
mediate compartments 
of the tower below the 
bromine exit tube. 

The interior container 
of the small absorbing 
column is similar to 
that of the refiner. 

Another very im- 
portant advantage of 
this arrangement is 
that all the vapours 
issuing from the in- 
terior of the tower 
must traverse the two 

serpentine condensers, whereas in the old 
apparatus bromine vapours frequently escaped 
by the small turret which surmounted the upper 
compartment. 

At the moment -when the bromine vapours 
leave the tower, they are mixed with a certain 
quantity of gaseous chlorine which is dissolved 
by the bromine only when the latter is con- 
densed into the liquid form and its temperature 
diminished to a certain value. In the im- 
proved plant,_ condensation is effected in a 
serpentine which is cooled just sufficiently to 
condense the bromine so ns to retain only a 
minimum of chlorine which facilitates the 
ultimate refining (Fig. 4). 

■Filial _ purificalion of the hromine.—The 
mother-liquors which serve for the manufacture 
of bromine frequently contain organic matters. 


I Sulphuric 
acid 


Water 


dischaq 


Airhole 
/ 




•§>« 

> 


Exit for water 


Airhole 

/r^^^bromine 


Level of contact 

'.Si of bromine and 
water 


-r-o 

brca 


Fiq, 9. 


consume about 0-60, but wth a perfectly 
regulated plant it is possible to work to about 
0*55. The presence of small quantities of 
organic matter contained in the bromine liquid 
itself necessitates final purification. This 
operation is conducted in an apparatus of con- 
tinuous -working, placed immediately after the 
refiner, and which is represented by Fig. 9. 
It consists of two cylinders each supplied with 
small elements. In the first, the bromine is 
treated with sulphuric acid of a very high con- 
centration, in the second it is washed by 
water in order to eliminate the last traces of 
the enclosed acid. It is thus that the disagree- 
ably valerian odour which manifests itself in the 
mMufactured bromides from the Alsatian bro- 
mine is completely eliminated. 

The Zarzis mother-liquors which contain only 
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Lttle organic matter consume about 0 5i of' 
chlorme. 

The manufacture of a substance as dangerona 
aa bromine requires particular precautions 
and \ratehfulne«3 at every instant. The 
slightest leak which manifests itself m a Jomt 
necessitates repair for fear of rapidly rendenng 
the atmosphere dangerous to respiration. In 
case of breakage of a receiver containing 
bromine, ready means of exit for workers ana 
a plentiful supply of fresh air must be avail 
able It IS desirable also to have a sointion of 
bisulphite of soda at hand. 

Fig 10 represents the modem bromine 
factory equipped with the most recent devices 
which allows of two towers of great capacity. 

Pai-ESTnrz — The bromine plant installed by 
Palestme Potash Limited on the land at the 
north end of the Dead Sea belongs to the old 
type. The outside nail of the tower is made 
of grey granite slabs or blocks which are fitted 
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carefully together with asbestos packing between 
the joints and are held rigid by means of cast* 
iron angles braced by a framework of steel 
clamps. The height of each tower is generally 
about 6 metres, and the section, accordmg to 
the capacity of production, is from 1-2 sq. m. 
in sectional area The grids nhich fonn tbe 
inside of the tower are either m one or two 
sections, and made of earthenware, and are 
about 2 cm. thick. The holes are abont one- 
third of a cm. m diameter and are placed 
2 cm apart; consequently, when the Lqnidsi 
descend and the gases and vapours ascend, there 
is ample opportunity for an mtimate nustnre. 
The commnnicating passages are earthenware 
pipes in the gnd plates, both grid plates and the 
pipe being ofthe type referred to on p. 112. The 
pipes connecting with the condensing apparatus 
■"e either of earthenware or of glass, accordins 
the size 1 the renHoncinff 


The refiners arc of a type similar to the 
towers, and are made entirely of earthenware, 

being about three-quartereofa’metreindiametw 

and one metre in height. The outer shell is au 
earthenware cylinder and, consequently, the 
iRSide plates which distribute the vapours and 
liquors are circular with holes of the grids con 
structed similarly to those of the tower. In 
addition to refined bromine, part of the pm 
doctionis converted into iron bromide, forwluth 
a special type of plant ha-s been constructed. 
This Is put either m iron Legs or in wooden 
barrels. For shipment of the bromine the 
ordinary blue gUw bottles are employed- It u 
perhaps worth noting that the mother liquors 
from the separation of camalhte contain 1 5% 
of bromine as against 0 3 or less elsewhere; 
consequently, the percentage recovery is high. 

Co5n’oc>DS or BROsinrE. 

Bromine Oxides. — ^An oxide, Br^O, is 
formed by the interaction of HgO and a CCl, 
solution of Br. The solution is stable m the 
dark at —20“, but m bght or at room temper*, 
tore decomposes : 

BtjO -*• Br^+OSO}: 
Br*0-f-CCI, COCIj-i-Br,-l-CI, 

(Breoscbede and Schumacher, 
Z. physiLaL Chem. 1935, 6, 
29, 356). 

An oxide, (Br,0|)fl, has 
been prepared by treatment 
of bromme with ozone at —5’ 
to 10* in a dosed veaseL 
The oude is stable at —80* 
for several days, it dissolves 
m water forming an add 
solution, titrationofwhjchin- 
dicates the formula 
for the acid (Lewis acd 
Schumacher, Z. anorg. Chem. 
1929, 182. 182). 

Bromine Chloride.— The 
fact that a marked dimiuutioR 
takes place m the colour of 
bromine on Tnixinz with 
chlorine is a strong argument 
m favour of the formation 
of a compound between 
these halogens. The results of spectre photo- 
metric observations on the colour changes 
3uggc«ttheforniationof BrCI (Barrat and Stem, 
Proc. Roy. Soc. 1929, A, 122, 582). 

Bromine Fluoride, BrF, prepared by the 
interaction of Br and F at 10° and punned 
from Br, BrF,, and BrF, by fractional con- 
densation. It has b.p. 20° and fp. —33° (Rnff 
and Braida, Z. anorg. Chem. 1933, 214, 81). 

Bromine Trifluoride. — ^Fluorine unites 
violently with cold bromine vapour (lloissan, 
Ann. Chim. Phys. 1891, [vi], 24, 240) with 
production of bght but bttle heat I^bean 
(«6id. 1906, [viu], 9. 248) showed that the 
product 13 bromine triflnoride, BrF,. It is also 
produced by the action of fluorine on potassntm 
bromide. BrF, is a colourless liquid, mp 
8 8°. (liquid) 3 623-0-00277 (273-f «. 4 (»W) 
3 23 (Ruff, Z. anorg. Chem. 1932, 206, ,59) 
The vapour is strongly irritating and corrooTe. 
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Bromine Pentafluoride, BrFj, has been j 
prepared by heating BrFj with Fj at 200 , . 
it is a colourless fuming hquid having m.p. I 
— Ol-S® b.p. 40-5°, 3-496— 0-00346(273+<) 

(Rufl and Menzel, ibid. 1931, 202, 49). 

Iodine Monobramide, IBr, is a liard 
crystalline mass like iodine and has m.p. 36 , 
it cannot be distilled unchanged, and dis- 
sociates even in the solid form (Bomemam, 
Annalen, 1877, 189, 183 ; Josi Hands, Z. Nahr.- 
Genussm. 1901, 4, 1913). 

Hydrogen Bromide, HBr, is a colourless, 
pungent gas of initating smell. The weight 
of a litre at normal temperature and pressure is 
3-6442 g. It fumes strongly in the air and 
condenses to a liquid at —73°. It may be 
obtained synthetically by passing bromine and 
hydrogen through a heated tube or over heated 
platinum. It is best prepared by the action of 
bromine on moistened red phosphorus, 

5Br-FP-t-4H20=H3P04-f5HBr; 

or by the action of a concentrated solution of 
H3PO4 on KBr; or by dropping Br upon 
melted paraffin heated to 185°. 

The gas is very soluble in water and the 
solution saturated at 0° forms a colourless, 
strongly acid liquid and contains 68-8'^o HBr 
by weight (Roozeboom, Rec. trav. chim. 1885, 
4, 102). 

If the concentrated acid be heated at ordinary 
pressures, the gas is evolved until the amount 
of HBr in the solution sinks to 47-48%, when 
the liquid boils constantly at 124-3°/760 mm. 
(Bonner, Bonner, and Gurney, <T. Amer. Chem. 
Soo. 1933, 55, 1409). Such a solution can be 
prepared as follows : 10 c.c. concentrated 

sulphuric acid are added to 15 g. of KBr and 
0-2 g. SnClj in 25 c.c. HjO. After remaining 
overnight the clear liquid is decanted from the 
crystals of KHSO4 which have separated, and 
distilled, the fraction coming over between 120° 
and 125° being collected. The yield is more than 
90% of the theoretical, and only contains a trace 
of Cl (Drucc, Chem. News, 1923, 126, 1 ; see also 
“Organic Syntheses,” I-, 2). This proportion 
of HBr corresponds to but the 

liquid is not a true hydrate, since the composition 
is altered by varying the pressure. The rela- 
tions between the -boiling-point, pressure, 
density, and concentration of solutions of hydro- 
gen bromide are indicated in the following 
table (Bonner, Bonnet, and Gurney, he.) : 


The density and percentage composition of 
aqueous solutions of hydrobromic acid are given 
in the following table' (from International 
Critical Tables, 1928, iii, 65) : 


4 

10 

20 

30 

1-0269 

1-0723 

1-1579 

1-2580 

40 

60 

60 

65 

1-3772 

1-5173 

1-6787 

1-7675 


%HBr 
d20°/4° 

%HBr 
d20°/4° 

Hypobromous acid may be prepared by the 
action of bromine water on silver nitrate 
solution or on silver oxide : 

Btij-b AgNOs-F HjO^ H BrO+ AgBr-f H N O3 

and 

2Br2-l-Ag20-}-H20 -j-SHBrO-F^AgBr; 

but the reactions are reversible (Biilmann and , 
Rimbert, Bull. Soc. chim. 1923, [iv], 33, 1465). 

Solutions of hypobromous acid, according 
to Poliak and Doktor (Z. anorg. Ghem; 1931, 
196, 89), may be prepared by treatment of 
concentrated silver nitrate solution with 
bromine and distillation of the filtered solution 
in a vacuum. If mercuric oxide be used, the 
mercuric bromide remaining in solution causes 
reversal of the reaction on heating, whilst silver 
carbonate reacts but slowly and silver oxide 
causes decomposition of the acid. The distillate 
contains also nitric acid, bromine, and hydro - 
bromic acid. The rate of decomposition of 
hypobromous acid diminishes with time.^ Of 
the two probable modes of decomposition, viz. 

5HBrO -» HBr03-l-2H20-l-2Br2 
and 4HBrO ^-02-f2H20+2Br2, 

the former predominates in the dark at the 
ordinary temperature ; this reaction is bimole- 
cular and appears to be indejpendent of the 
hydrogen-ion concentration of the solution. 
Bubbling nitrogen through the solution is with- 
out influence. Although bromous acid is a 
probable intermediate product of the decom- 
position, it does not appear to be formed in 
measurable quantity. 

Bromic Acid, HBr03, can be obtained by 
electrolysis of bromine water or of a solution of 
HBr or KBr| by warming a solution of per- 
chloric acid with bromine or by the' action of 
bromine on silver bromate suspended in hot 
water : 


Prcssvue 

In mm. 

B.p. in °C. 

Density at 
25® 

Comp. In 
HBr 

100 

74-12 

i 1-5116 

49-80 

200 

90-35 

1-5030 

49-28 

300 

99-91 

1 1-4961 

48-83 

400 

i 107-00 

1-4908 

48-47 

500 

112-94 

1-4866 

48-19 

600 

117-82 

1-4832 

47-95 

700 

122-00 

1-4802 

47-74 

800 

125-79 

1-4775 

47-56 

900 

129-13 

1-4752 

47-40 

1,000 

132-12 

1-4733 

47-27 

1,100 

134-80 

1-4716 

47-14 

1,200 

137-34 

1-4700 

47-03 


6AgBr03-f3Br2+3H20=6AgBr-f6HBr03 

The solution thus obtained is a colourless, 
almost odourless fluid (von Kammer), possessing 
a sour yet caustic taste (Ballard). The water 
solution can be concentrated on a water bath 
with slight decomposition to 4-28% HBrOj, 
and w-hen this solution is distilled it gives a 
distillate containing 13-19% HBr03 or in 
vacuum a product with 50-59% HBrOg. 

Bromine Salt. — ^In connection with the 
manufacture of bromine a substance commonly 
called “ bromine salt ” is produced which finds 
application in the extraction of gold ores. It is 
practically the mixture NaBrOj-fZNaBr, and 
' is made by mixing the soh'd product NaBrOj-f 
|5NaBr (obtain^ by saturating concentrated 
I caustic soda solution with bromine) with 
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sodium bromate, eJectroljiicallj* prepared from 
bromide, and the mixture finely ground and 
packed in kegs. 

EsTIMATIO^ OF Bromine is Bbine a>d 
Motheb-Liqcops. 

10-50 c c. of bnne acldlfied^\^tb3cc 6A'-HCI , 
are titrated in a stoppered bottle Ncitli A/IO 
sodium hj pochlonte m the presence of acetone. 
After each addition from the burette the water 
and acetone mixture is shaken, producing an 
immediate yellow colour which disappears on 
continued shaking The end point is reached 
when the addition of hj pochlonte produces 
no yellow colour In this reaction 2 mol of 
chlorine correspond to 1 mol of bromine in 
the water under test (lec A'/IO hypochlorite 

= 00 (Me Br) 

According to Z Sraho (Z anal Cbem 1932, 
&0, lb9), small quantities of bromine can best 
be determined by treating the aolution with 
1 g of KHCOj and a measured Tolume of 
chlorine water (5 mg Cl, per c.c ). The 
solution IS evaporated to drjness and the 
residue di<isolred m H,0 ; 5 c c of 1% PhOH, 
2-0 mg Kl, and Sec 20% H,SO, are added, 
and the hberated iodine is titrated «ith 0 001 A' 
Na,S,0, A correction is apphed for the 
amount of C), used G S. B. 

BROMINOL. BrominoUum Trade name 
for broninsted regetable oil. Used in skia 
CTaphy (Abbott, Cucago, Pharmaceutical Pro- 
ducts, London) 

BROMIPIN. 8ROMOP1N. A combina- 
tion of bromine with sesame oil emplo 3 ed in 
medicine. 

BROMrre or BROMYRITE. Nahre 
silver bromide, found in Mexico and in Chile. 

BROMOSEHENATE. Salbromtn. Cal- 
cium dibromobehcnate (-’9% Gr), 
(C„H„0,Br,),Ca. 

BROMOFORM. Tribromomftftane, CH Br,. 
This substance is occasionally met inth m (be 
Lquid left after the rectification of bromine, 
in which it occurs associated with chhrobromo- 
form, CH Br,Cl (Dyson, J C S. 1883,43, 46) and 
carbon Ulrabromide CBr. (Hamilton, i6irf. 39, 48). 

Preparalion. — Bcotaotonn. may be obtain^ by 
mixing IDO c.c. of soda lye, 200 c r. water, and 
20 c c. bromine. To this ycUow solution of 
hypobromite sufficient acetone (abont JO c.c.) 
IS added to remove the yellow colour and the 
layer of bromoform which separates is tapped off 
and rectified. Yield 75% (Denig&s, J. Pharm. 
Cbim 1691, [v], 24, 243] It may also be 
prepared by the simultaneous action of bromine 
and cau«tic potash on alcohol ; of bromine 
and lime on acetone (Beniger, Amer. J Pharm 
1804, 63, 60) ; of calcium hypocblonle and 
potassium bromide on acetone (Promm, Pharm 
Ztg. 1894, 39, 164) ; and by the action of alkalis 
on bromal Electrolytically, it has been made 
from potassium bromide and alcohol (Fabnk 
\orm Schenng, G.P. 29771) , from potassium 
bromide and acetone (Coughlin, Amer Giem, 
J. 1905, 27, 63 ; and Mulier and Loebe, Z 
Elektrochcm. 19(>4, 10,409); and from calcium 
bromide, alcohol and water (Trechunaky, 
Chem. Zentf. 1907, i, 13) It has also been 
prepared by the action of bromme on chloroform 


in the presence of aluminium chloride (U.S P 
1891415). 

Properhes. — Pure btomofottn is a coIoutIhs 
liquid, i'/ 2 9000, b p 146 3®/760 mm , setting, 
point -p7 4® (Buhmann, Arch Pharm 1928,266, 
123). Dolezalek and Schulze (Z.physikal Chem. 
1921, 98, 395) assert that the liquid at 25® u 
associated mto bimolecules to the extent of 
65% It IS decomposed by potash intopotassium 
bromide, w ater, and carbon monoxide, and may 
be estimated by means of this decomposition 
(Desgrez, Compt. rend 1897, 125, 780; and 
Richaud, J. Pharm Chim. 1899, ^m], 5, 232) 
Under the influence of light and air it decom 
poses, the decomposition products depending on 
the time of exposure and the amount of av ailable 
oxygen (Schoorl and van den Berg, Chem. 
Zentr. 1906, \, 441). It has been shown by 
Tseng (Nat. Centr. Umv. Sci. Rep. 1931, A, 1, 
No, 2, 1) that bromoform does not react with 
magnesium in ether. Numerous molar addition 
products have been described (Stemkopf and 
Bessantsch, J. pr. Chem. 1023, 109, 230 ; 1930, 
127, 337 , iVeissenberger et al , Sfonatsh. 1926, 
46,281 ; SachsandBalassa.Z.anorg. Chem. 1926, 
152, ISO) It has been used to a sbght extent 
as an anesthetic, in the treatment of diphthena, 
and m cases of whooping cough 
It has been shown to be a more efficient 

f ermicide than chloroform (Kudicke and 
I'eise, Arch Schiffs. Tropen Hyg 1926, 80, 
231). 

BROMOPHIN. Euporphin, /(pomorphine 
methyl bromide. 

BROMOPRENE t. Bi'txdieves and 
PoLVOLEnss (conjugated) 

BROMOSTYROL (a-BROMOsmevs) 
This largely used synthetic perfume is alsoknown 
as artificial hyacmtbin, » of a powerful but 
aomewhat coarse hyacinth odour. It is the 
a-broinophenylelhylene, the p isomer is pre 
t^red but IS not much used m perfumery. 
Fine hyacinth perfumes are made with phenyl- 
acetaldehyde rather than with hromostyrok 
BromostyTol is used in the cheaper types of 
narcissus, jonquil and hyacinth perfumes 
Formula.C.Hg CH.CHBr; bp. 221°; spgr. 
1-423 V ref index.. 1-6030. E. J. 1’- 

BROMSULPHALEIN. Disodium phenoi- 
tetrabromphthal^n sulphonate, 

O CO CgH, i::[CgH,(OH)SO,Na], 

A white cTystaliine powder, containing 37% of 
bromine ; soluble in water, insoluble in alcohol 
or acetone. Liver function diagnosis. 

BROMURAL. Trade name for a aniotio 
hromisotalerylurea. Employed as a hypnotic. 
Forms white needles, slightly bitter in taste j 
readily soluble in hot water, alcohol, and ether, 
spanngly soluble m cold water ; m.p. 147®. 

BRbNNER'S ACID, 2 .naphtbyUmine 6 - 
eulphozuc acid. 

BRONZE POWDERS. These are aho 
known as gold powders, and consist of alloys 
produced in a fine state of division, usw m 
decorative work in various industries. They 
vary considerably in composition, and genersUy 
conaist of brasses rather than bronies, their 
usual composition lying between 70-55/g 
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roiJpcr and 30-15% zinc; small quantities of 
tin, lead, antimony, arsenic, iron, bismuth, 
and aluminium are frequently also present. 

BROOKITE. A crystalline form of 
titanium oxide. 

BROSIMUM GALACTODENDRON 

(Fam. Moracea>). (Cow-tree, milk-tree.) The 
milky juice is much used in S. America as a 
substitute for cream. The dried material con- 
tains “ gutta ” 5’5% and resin 83-2%. This 
could be used as a .substitute for pontianic in 
the rubber industry (Bull. Imp. Inst. 1919, 17, 
294). 

BROUSSONETIA PAPYRIFERA 

(Vent.). The Paper mulberry. The fibrous bark 
is used in China and Japan for the manufacture 
of a kind of paper, and in Polynesia in the manu- 
facture ofTapa cloth. 

BROVALOL. Bornyl a-bromoisovalerate. 
A colourless, oily liquid, soluble in alcohol, chloro- 
form, ether ; insoluble in water. Sedative. 

BROWN ACID (Brown oil of vitriol, 
B.O.V.). Crude sulphuric acid, sp.gr. about 
1'72, containing about 80% HjSO^. 

BROWN BERRIES. The fruit of 
fruiicosus. 

BROWN, CALEDONIAN. Mineral pig- 
ment composed chiefly of manganese and iron 
oxides and hydroxides. 

BROWN CAPPAGH. Highly mangani- 
ferous and ferruginous earth obtained from the 
Cappagh mine in Ireland. Used as a pigment. 

BROWN, VANDYKE. A bituminous 
ferruginous earth used as a pigment. 

BROWN B. (Cibanone Yellow R) v. Antiiba- 
quiNONE Dyestuffs. 

BROWN G.R.B.R. {Indanlhrene Orange 
6 RTK) V. Akthraquinone Dyestuffs. 

BROWN R. {Caledon Olive R) v. Amtiira- 
QUiNOXE Dyestuffs. 

BRUCINE. One of the cluef constituents 
of Nnx vomica. 

BRUCITE. Native magnesium hydroxide, 
IVIg(OH)2, found as platy cr3'stals with perfect 
micaceous cleavage, or as lamellar masses, in 
serpentine rocks, at Unst, one of the Shetland 
Isles, at Texas in Pennsylvania, etc. It some- 
times contains a small amount of iron {ferro- 
brucite) or manganese {manganbriicile). A 
fibrous variety is called nemalile: L. J. S. 

BRUNNER’S SALT. A double sulphide 
of mercury and potassium, HgS-KjS.SH^O, 
prepared bj^ dissolving vermilion in a solution of 
potassium monosulphide. 

BRUNSWICK BLACK is prepared by 
fusing 2 lb. of asphalt and mixing thoroughly 
with 1 pint of hot boiled oil. When cool, 2 pints 
of turpentine are added to the mixture. An 
inferior but cheaper black may be made by 
boiling gently together for five hours 25 lb. 
each of black pitch and gas tar asphaltum ; 
8 gallons of linseed oil, and 10 lb. each of litharge 
and red lead are then mixed in, and the whole 
boiled. After cooling, the mixture is thinned 
b3' the addition of 20 gallons of turpentine 
{v. also Bone Oil). 

BRUNSWICK GREEN. An ox3'chloride 
of copper, used as a pigment. Copper filings or 
turnings are moistened with a solution of sal- 
ammoniac, and left in contact with the air ; the 
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ox3'chloride so formed is washed off with water, 
and dried at a gentle heat. The term is, how- 
ever, usually applied to a mixture of chrome 
yellow and Prussian blue. 

BRUSHITE. A hydrated phosphate of lime, 
HCaP04,2H20, occurring in the guano of Aves 
Island and Sombrero in the Caribbean Sea. 

BRUSSELS SPROUTS. A cabbage 
variety {Brassica oleracea) in which numerous 
small heads are developed along a main stalk. 
The edible portion contains, according to 
American analyses ; 

Water. Protein. Fat. Carbohydrates. Ash. 

88-2 4-7 M 4-3 1-7 

The leaves contain a wax shown by Sahai and 
Chibnall (Biochem. J. 1932, 26, 403) to contain 
«-nonacosane, I5-nonacosanone, 15-nonacosanol, 
ceryl alcohol, cerotic acid, and probably n- 
hcntriacontano. A. G. Po. 

BRYOIDIN, CjiH^jOj. A cr3’stalline con- 
stituent of Manilla elemi, m.p. 135'5°. 

BRYONY ROOT was employed from early 
times for its cathartic properties but has 
gradually fallen into disuse. The plants yielding 
the root are Bryonia alba and B. dioica, the latter 
being designated as English bryony (English 
mandrake). The roots of B. dioica contain a 
number of enzymes, including am3dase, inver- 
tasc, and peroxydase (Girardet, J. Pharm. Chim. 
1924, [vii], 30, 75). Several investigations have 
been carried out on the roots (Silber, Disserta- 
tion, Erlangen, 1894 ; Power and Moore, J.C.S. 
1911, 99, 937 ; Zcllner ef al,. Arch. Pharm. 1927, 

I 265, 27 ; Chaze, Compt. rend. 1932, 195, 825 ; 
Angeletti and Ponte, Gazzetta, 1934, 64, 569) 
but without any marked success. Among the 
I many substances isolated may be mentioned an 
[ alkaloid-like principle, a glucoside, bryonin, 
C^gHjjOjs, which gives rise to glucose and an 
aglucone, bryogenin, a sterol, m.p. 

159° ; an alcohol, bryonol, 022^13402(014)2, m.p. 
210°-212° ; a mixture of fatty acids, containing 
oleic, linoleic, palmitic and stearic acids ; and 
two isomeric substances a-bryon, m.p. 300°- 
301°, and ^-bryon, m.p. 292°-293°. The activity 
of the root cannot, however, be attributed to 
any’ one of these substances. 

BUCHU or BUCCO. The leaves of three 
varieties of Barosma (ord. Rutacere), viz. B. 
belvlina Bartl et Wendl. f., B. crenulata Hook., 
and B. serratifolia Willd., are known under this 
name. The leaves arc used medicinally by the 
South African natives. 

Their composition has been studied by 
Brandes (Arch. d. N. Apoth. Ver. 22, 229), 
Landeror (Buchner’s Eepert. 84, 63), Fliickiger 
(Pharm. J. 1874, [iii], 4, 689 ; 1881, [Hi], 11, 219), 
Wayne (ibid. 1876, [iii], 6, 723). By extracting 
the leaves with light petroleum, Bialobrzeski 
(Chem. Zentr. 1896, ii, 551) obtained chlorophyll, 
a resin, and an ethereal oil containing chiefly 
diosphenol, together with a terpene C^oHjg, b.p. 
174°-176°, and a ketone isomeric with menthone, 
and having the constitution ^10^18^* b.p. 206°— 
209°; it 3-ields an oxime and a tribromo-deriva- 
tive. After extraction with light petroleum, 
the leaves, on treatment with cold alcohol, 
yield 3% of a brownish-green bitter resin in- 
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soluble in bcEzene, and Tchen tbe altobcdie 
extract is treated wdh sodium carbonate or 
by other methods diosmm is deposited, forming 
tasteless, odourle«s crjsfals, mp 244®. 

According to Kondakoff and Bochtschiew 
(J. pr. Chem. 1901 [ii]. 63, 49), the best oil 
of bucco or buchu leaves contains 10% of 
hydrocarbons, consisting of a variety of d 
limonenc and dipentene ; 60% of a ketone 

CjoHisO. (aJs, -16° 6', bp 20S5®-2005®. 
which, on reduction, pelds a menthol not identi- 
cal with the natural product , 20% of dios 
phenol (j f ) ; 5% of ream , and 5% of other 
constituents (Kondakoff, J pr. Chem 1896, [u], : 
54, 433) After removing diosphenol from the oil ' 
of buchu leaves, Tschugaeff succeeded in obtain 
ing santhogenide deri\ atives of d menthol from 
a fraction of the residue (J Ru-s Phrs Cbem 
Soc. 1910, 42, 714 , Sko^rtsoff, iW n. 35) 

BUCHU, ESSENTIAL OIL OF. The 
oil distilled from various species of Baroama, 
B btltihna Thunb , B rrcnHfoti* Thnnb , and 
B. «errcfi/ofia Uilld (Fam Rutace®) These 
shrubs are indigenous to the south nest mono 
tamous regions of the Capo of Good Hope. 
Yield OS-2 5% Chaiactera spgr 918-970, 


optkal rotation —12® to —36®, n® 1 474-1 4*6 
The oil from B. betuhna deposits a crj-stalhne 
mass of diospbenol ; the oils from the other tn o 
species contain less diosphenol and remamhquul. 

Constituents: d-limonene, dipentene. f-men- 
thone, and diospbenol. The latter is also known 
as buchu camphor and when reerystalhscd 
has m p. 83®-84'’. Its alcoholic solution gives a 
green colour with ferric chlonde, ^nces 
ammoniacal solution of silver nitrate, and 
restores the red colour to decolourised fuchsme 
solution. It gives an oxime but no semi 
carbazone. It has the properties of a ketone- 
phenol C. T. B. 

BUCKTHORN is the fnut of Rhamnia 
ealharUcus Linn. (Fani. Rhamnacea); it con- 
tains dextrose, emodm, emodinanthranol, 
rhamnosanthol, jesterm, rhamnocathartin, 
rbamnetin, santhorhamnin, and quercetin. The 
juice IS used as a laxative m veterinary practice 
(B.P.C. 1934). 

BUCKWHEAT {Fagopyrum eaculentum). 
The seed is grown as a poultry food or for cattle 
and in Amenca is milled for flour used in 
preparing buckwheat cakes. Kellner records 
analyses of buckwheat and its milling offals : 
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Protein. 

Fat 

Csrbo- 

hydratei 

Fibre 

Ash 

Seed 

14 1 

11-3 

26 

548 

14 4 

28 

Fme seal 

14 7 

80 

1 0 

72 C 

08 

14 

Coarse meal 

12 0 

31 8 

84 

38 3 

48 

47 

Fme bran 

120 

15 2 

45 

50 0 

113 

70 

Coarse bran 

15 6 

80 

1 $ 

34 2 

37 0 

28 

Husks 

13 2 

46 

1 1 

35 4 

43 5 

22 

Strau 

10 0 

48 

1-2 

34 r> 

38 2 

5 f! 

\I hole plant in flovec 

83 7 

2 3 

00 

7 S 

4 3 

M 

UTiole plaut aa hay . 

140 

105 

2 1 

330 

31 4 

64 


American data aie given bj Coe (U.S. Dept. 
Agnc Ctre. 1931, No. 100). 

The carbohydrate material consists largely 
of starch, the grains of which have a charac- 
teristic shape. 

The nitcogen datribution in buckwheat is 
shown by Hara (Imp Japan Inst. Nutrition , 
Bull soc byg. aliment. 1927, 15, 481, 524) 
to be as follows : ammo- S 2, humin 7 6, 
cjstme 18, arginine 23 9, histidine 2 4, 
lysine 3 2, monoaTnino 40 5, and non amino- 
13 6%. Johns and Chemoff (J. Biol Chem 
1918, 34, 439) separated the globulins which 
had the following partition values: aiginine 
13, histidine 0 G, Ij sine 7 9, and cystine 1%. 
Small amounts of tryptophan were de 
tec ted. 

Pari«i and Cosmo (Ital Agric. 1030, No. 5) 
find the colouring matter of buckwheat to con- 
tain a red anthoejanm, the chromogen of which 
is a yellow powder and yields galactose on 
hydrolysis. A. G. Po 

BUFAGtN, CjsHjgO,, m p. 220®-221®, a 
toad venom, 

BUFFER SOLUTIONS. Tbo“aadity” 
of a solution ongimllr referred to its taste, 
but it is now- used synonymously for the hydro- 
gen ion concentration, and R. Dietzel (KoUoid 


Z 1926, 40, 240} has shown that the reaction on 
the tongue is indeed proportional to the 
hydrogen ion concentration. In the case of 
strong solutions of adds and alkahs the acidity 
or slkahnity will be proportional to the con 
ccTvttation and will not be very much changed 
by the addition of small amounts of foreign 
matenal Once the hydrogen ion concentration 
has been determined for a given dilution a similar 
solution can be made up by the methods of 
volumetric analysis. In solutions that are nearly 
neutral the concentration of acid or alkab i’ 
very small indeed, and impurities may then have 
a large effect, as carbon dioxide can be taken up 
from the air and alkali from a glass container. 
Such impurities cannot easily be eliminated, and 
it IS better to devise solutions where the 
hydrogen ion concentration changes as slowly 
as possible compared with the amount of acid 
or alkali added. These liquids, that have a 
reserve of acidity or alkahnity, are known as 
buffer Solutions (E. IV. IVashbum, J. Amer. 
Chem. Soc. 1908, 30, 31). Once standardised 
they are readily made up, and can be used to 
measure the hydrogen ion concentration of other 
solutions if the colour of an indicator in the two 
solutrons is compared in a suitable apparatus, 
“Comparator.” 




BUFFER SOLUTIONS. 
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In any aqueous solution the concentration of 
the hydrogen ion (in’-) multiplied by that of the 
hydroxyl ion (OH') is a constant K^,, known as 
the ionic product for water. At 22°C. the value 
of K«,is 1 X 10-^^ if(H+) and(OH') are expressed 
in g.mols./litre. In a neutral solution the 
concentrations of hydrogen and hydroxyl ion 
must bo equal, i.e. (H+)=(OH')=VKt«=10~^ 
g.mols./litre. A convenient scale with which 
to measure hydrogen ion concentration was 
introduced by Sorensen who defined the 
unit as : 

log (]^=“l°g 

Thus the normal range of acidity to alkalinity 
is covered on a scale of 1 to 14, the pg of a 
neutral solution being very close to 7, at 22°C., 
but changing slightly with the temperature. 
The dissociation of a weak acid HAc can be 
calculated with fair accuracy if mass action 
conceptions he applied to the equilibrium 

HAc;FiH*+Ac'. 

If the concentrations of the three molecular 


species bo represented by (H*), (Ac'), and 
(HAc), we have according to the Ostwald 
dilution law, 


(H^)(Ac') 

(HAc) 


=Ka. 


For acetic acid Ka— 1‘8 X 10~®, and consequently 
with reasonably strong solutions almost all the 
acid will he present as undissooiated molecules. 
A solution of its alkali salt, on the other hand, is a 
strong electrolyte, and would bo completely 
dissociated into metal and acetate ions. A 
solution of a weak acid and one of its alkali salts 
is a typical buffer solution, and its pj, can he 
calculated approximately from the concentra- 
tions of acid and salt and the value of Ka for 
tho acid. IVe have seen that 


(H^)(Ac') 

" (HAc) 

„ . 1 (Ac') 

Rcarrangmg, 

taking logarithms, 

, (Ac') 

As a further approximation we may put 
(Ac')=gross concentration of salt; 
(HAc)=gross concentration of acid. 


Therefore, 

concentration of salt . 

Pr— °g concentration of acid ** 

Since the above calculation is based on the 
Ostwald dilution law it will break down when 
that law is invalid. More accurate calculations 
have been made on the basis of the Debye- 
Hiickel theory of electrolytes by C. Morton 
(Trans. Faraday Soc. 1928, 24, 14), E. J. Cohn 
(J. Amer. Chem. Soc. 1927, 49, 173), and I. M. 
Kolthoff (Biochem. Z. 1928, 195, 238). The 
above treatment applies equally to a buffer on 
the alkaline side which would consist of a weak 
base mixed with a salt of that base with a strong 
acid. 

The expression deduced indicates that the 
Pfi of a buffer solution depends solely on the 
relative amounts of the chemicals present and 
that there should be no change on dilution. 
Actually there are small variations with the 
actual concentrations, as shown by I. M. 
Kolthoff (l.c.) for the pj, of solutions containing 
equimolecular proportions of acetic acid and 
sodium acetate. 


Normality 

NIW 

N/20 

N/40 

N/lOO 

N/200 

N/400 

• • 

4-61 

4-03 

4-65 

4-68 

4-69 

4-70 


He obtained similar variations with other 
buffer solutions and showed that all of them 
could be calculated to within a few hundredths 
of a pjj unit on the basis of the Debye-Huokel 
theory of electrolytes. 

Variations in the pjj value would be expected 
as the temperature changed owing to the 
known variations in Ko and Kty. With many 
buffers these variations are small compared with 
other errors. Thus L. E. Walbum (Biochem. Z. 
1920, 107, 219) reported that the effect was 
negligible with the solutions recommended by 
Sorensen ; a similar result was found by I. M. 
Kolthoff and F. Tekelenburg (Rec. trav. chim. 
1927, 46, 33) except in the case of glycine 
sodium hydroxide mixtures. That there can be 
appreciable changes introduced by temperature 
fluctuations is shown by the work of S. W. 
Brujevicz and N. P. Karpova (Biochem. Z. 
1932, 251, 60) who measured the pg of buffer 
solutions in common use at three temperatures. 
Some of their results are given in the table 
below, which shows the changes in pjj of several 
buffer solutions at three temperatures. 
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In the neighbourhood of room temperature McUvaine (J. Biol Chem. 1921, 49. 183). 
the deviation is generallv not large, but there is This Ust buffer is easj to prepare and covers a 
no doubt that care should be taken in controUmg wide range. K. H. Slotta and W. Franke (Ber 
the temperature during measurements involving 1931. 6^* (®]> 452) have redetermined the 
the use of buffers values obtained when a 02 molar solution of 

The Ph 0^ buffer solutions may also be eecondary sodium phosphate is mixed with a 
considerably changed bv the presence of matenaU 0 1 molar solution of citncacid. Since the buffer 
that are not themselves acid or alkaline, tg is a useful one their results are given in the 
certain salts and proteins. Haynes (Biochem table below 

Z 1921, 15, 440) showed that the Ph of phosphate • 

and acetate buffer solutions was lowered when 'v molar ph of resulting 

any of the chlorides of the alkalis or alkaline ml^ure 

earths were mixed with them J B O’Sullivan 0 79 4 21 2 88 

(Trans Faraday 5>oe 1928, 24, 298) obtained j 24 3 70 3 20 

even larger changes with other salts of nickel j gj ^ 2 5^ 

and aluminium Thus a 0 85 nickel sulphate j.g3 2 07 3 92 

solution and 0 2 molar acetic acid sodium 2 21 2 97 4 27 

acetate buffer each had a p^ value of *>0, 2 47 2'53 4 66 

but after mixing this had dropped to 4 4 The 2 CS ^32 3 01 

formation of complex salts may a(«o cause con- >00 » 10 ^ 

siderable deviations Thus Kolthoff (Biochem « ou 

Z. 1938, 195, 238) has shown that cilnc acid will t.45 g4» 

link with organic compounds containing _! I > 1 g gg 

hvdroxvl groups («e also L Michaebs, Biochem . ijT I « -in 

2 1931,234,1391 1 

The most important piactieal use of buffer 

Bolutioos IS to provide a senes of standards with . • _ r. - « . .v 

.olutions and m « .olat.on of unknom. ». i»>> ""X*"' lo content nnd coveting be 

be compared A variety of mixtures is available msi 

for this purpose, and only the more important ® r ®v’ u i? 

ones will be dealt with here Whatever fixture 40- «"/ra). It will be seen that aU 

IS chosen it is essential that very pure chemicab « made by weighing out the appro- 


and water ^ employed m making it up The pnateealts 

first lenea of buffer solutions for a Pu range of Solution 1 is 0 Oo molar with respect to oxaLc 

1-10 was devised by Sorensen (Biochem Z acid, and 0 20 molar with respect to bone acid 

1909, 21, 131 , 22. 352 , Ergebn I’hysiol 1912, Solution 2 is 0 20 molar with respect to bone 

12. 393). This has been widely used together 0 Ou molar with respect to sodium sulphate, 
with the excellent sodium acetate acetic acid and 0 03 molar with respect to suecinio acid 
mixlnrea due to 0 8 Walpole (J.CS 1914, Solution 3 is 0 05 molar with respect to borax. 

103, 2301, 2521), The bone acid-borax mixtures Solution 4 is 0 05 molar with respect to sodinm 

of S Pabtzsch are also well known (Biochem carbonate. 

Z 1915, 70, 313) and the disodium hydrogen The pj, values of the solutions obtained on 
phosphate citric acid senes introduced by T. C. mixing arc shown m the following table 
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Other buffer solutions of importance are 
succinic acid — borax pj, 3-5-8, and succinic acid 
— potassium dihydrogen phosphate 5-8- 

9-2 (I. M. Kolthoff, J. Biol. Chem. 1925, 63 , 
136); potassium citrate — ^hydrochloric acid pj; 
2-2-3-6 (I. M. Kolthoff and J. J. Vleeschhouwer, 
Chem. Weekblad. 1926, 23 , 510; 1927, 24 , 78); 
disodium hydrogen phosphate-sodium hydroxide 
Pg 11-12, and sodium carbonate-borax 9-11 
(ibid. idem. 1927, 24 , 526) ; sodium acetate- 
veronal pii 2-62-9-64 (L. Michaelis, Biochem. Z. 
1931, 234 , 139) ; phenyl acetic acid and its 
sodium salt p^ 3-2-4-7 (W. L. German and 
A. I. Vogel, J.C.S. 1935, 912). 

E. B. R. Prideaux and Ward (J.C.S. 1924, 
125 , 426) introduced a solution in which the pjj 
changed regularly with the amount of caustic 
soda added between p^ 3 and 11. On account 
of this property the mixture was termed a 
“ Universal Buffer Mixture.” H. T. S. Britton 
and R. A. Robinson (J.C.S. 1931, 1456) 
found that errors of as much as 0-2 of a unit 
were possible when the above buffer was used 
and they suggested a modified mixture which 
may now be purchased ready for immediate 
use. It is seldom, however, that it is necessary 
to work over such a wide pg range and con- 
sequently the “ universal mixtures ” are 
normally no more convenient than a simple 
buffer solution. 

Many physiological processes can only occur 
within narrow Ph limits and the control of pn is 
of vital importance in the animal body. The 
blood normally has Pn between 7-3 and 7-4 
and has considerable buffer power owing to the 
presence of alkali hydrogen carbonate and 
carbonic acid. During violent exercise the COj 
accumulates and the pg falls somewhat, but the 
subsequent panting leads to rapid removal of 
COj through the lungs, and the blood stream 
may then be temporarily on the alkaline side. 
In certain types of disease the alkaU bicarbonate 
is attacked by the acids produced in the system, 
the buffering action of the blood falls off and a 
condition of acidosis intervenes. In such cases 
the p,j of the blood may drop below 7-0. Any 
severe abnormality as, for example, surgical 
ana;sthesia and traumatic shock, will produce 
changes in the pg and the alkali reserve of the 
blood, but the precise significance of these 
changes is not clear and for further information 
the bibliography should be consulted. 

Bibliography. — H. T. S. Britton, “ Hydrogen 
Ions,” Chapman and Hall ; W. M. Clark, “ The 
Determination of Hydrogen Ions,” Williams and 
Wilkins, Baltimore ; F. D. Snell, “ Colorimetric 
Analysis,” Chapman and Hall; J. H. Austin 
and G. E. Cullen, “ Hydrogen Ion Concentration 
of the Blood in Health and Disease,” Williams 
and Wilkins ; C. Lovatt Evans, “ Recent 
-Advances in Physiology,” Chap. V, J. and A. 
Churchill. R. H. P. 

BUILDING MATERIALS. — There are a 
number of natural and artificial materials, 
which, for the sake of convenience, may be 
grouped under the general heading Building 
hlaterials ; not that their use is restricted to 
building or engineering work, but because here 
they find a major, if not their principal, applica- 
tion. A sub-division of building products into 
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“ traditional ” and “ modern ” materials may 
be attempted, but the division is by no means 
rigid. Bricks, lime, and natural stones would 
fall into the former class ; Portland cement 
and some gypsum plasters into the latter. 
Many of the traditional materials have been 
markedly improved of modified in recent times 
and in both traditional and modern products 
the activities of the technician are involved 
either in production or the testing of finished 
products, or both. Amongst recent develop- 
ments may be mentioned the production of lime 
in the form of dry hydrates, the use of tunnel 
kilns in brick manufacture, the introduction of 
aluminous cement. These features will be 
referred to in the individual sections which 
follow. 

The present section on Building Materials 
comprises the following articles : 

I. Bricks and Clay Products. 

II. Calcium Sulphate Plasters and Cements. 

III. Lime. 

IV. Magnesium Oxychloride Cement. 

V. Natural Stones. 

VI. Portland and other Hydraulic Cements 

and Concretes. 

VII. Sand-lime Bricks. 

(Asphalt and Bitumen are dealt with 
inaseparate article, Vol. I, 516-517), 
F. L. B. 

I. Bricks and Clay Products. 

The principal building materials made of fired 
clay are bricks, tiles and terra-cotta, but other 
important products are drainpipes, floor and 
wall tiles, and sanitary ware sueh as baths. 
The products may be glazed or unglazed. 
Vitreous enamelled goods, although, in a sense, 
ceramic materials, are not considered in the 
present article. 

Bricks may be classified according to their 
intended purpose, and they then fall into the 
broad groups of engineering bricks, facing bricks, 
and common bricks. This broad classification 
has been adopted later when considering the 
properties of the finished products. In the study 
of manufacturing processes it is more convenient 
to group the products according to methods of 
manufacture, since some processes are common 
to many products. 

Raw Materials and Preparation. 

Common bricks can be made from almost any 
clay or shale provided the process is suitably 
adjusted to the raw material, but the other 
products require clays of definite characteristics 
such as colour, texture, plasticity, and regularity 
of shrinkage. The required properties are often 
obtained by blending several clays. 

M here the clay deposit is homogeneous, 
mechanical excavation is possible, but in the 
majority of pits the diversity of the deposits 
renders hand excavation necessary. 

After winning, the -clay is ground, blended, 
and tempered with water, these processes having 
largelj’ superseded weathering, which is too costly 
for all but the more expensive facing bricks, 
tiles^ and terra-cotta. Grinding is carried out 
(1) in pan-mills, the bottom plate of which is 
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ejther eobcl or perforatwl to act a** a sieve, or 
(2) in “ rolJj ” A modem method is the use of 
“ diflerential ” rolls, that is, nulls with one roll 
rotating faster than the other. After being 
ground the clajs are blended and tempered by 
the addition of water varying from 10 per cent 
m the case of dry pressed clays to 30 per cent 
where the clay is intended for hand moiiJdii^. 

Moulding. 

Clay working processes fall into three groups, 
M 2 (1) fullj plastic, (2) semi plastic, and (3) dry 
pressed methods 

The fully plastic methods are used for hand 
made bricks and tiles, and also terra cotta, and 
the heavier samtarj goods made by hand. For 
bricks and tiles the soft clay is thrown into a 
sanded wooden mould which is then removed 
I'anous sands are used to give different tevtures 
and colours. Terra cotta and sanitary goods are 
made by pressing the clay into a plaster moold 
which 13 removed after the clay haa dned and 
shrunk somewhat 

Slechanieal processes of working plastic clay 
include the “ soft mud ” process which imitates 
hand brick making, and the wire-cut process 
In this latter process the clay paste containmg 
from 15 to 20% of water is extruded through a 
die and the ribbon is cut into suitable lengths. 
This process u used for the manufacture of 
bricks, tiles, and aU forma of hollow bncke, 
drainpipes, and conduits. In the dry-pre«9 
poeesa the clay containing 10% water is 
ground to A in. or smaller and then pressed m 
steel moulds. The method is used largely for 
the nianu&cture of fletton bricks and wall or 
floor tiles Engineering and other dense bncks 
are often made by re pressing partly dry, but still 
plastic, wirc-cut bricks. 

Drying, 

Goods made by plastic and semi plastic 
methods require to bo dried before being flred 
Diy pressed goods are usually set straight in the 
kiln. Open air drj ing is m use to a great extent 
m seasonal yards operating from spring to 
autumn, but is rapidly giving way to mechanical 
processes where the products are dried at 
schedule rates under controlled conditions of 
temperature and humidity. The mechanical 
dryers may be either of the intermittent or of 
the chamber types, in which the goods remain 
stationary dunng the whole process, or the 
continuous or tunnel dryer where the goods 
travel on cars through a tunnel whose different 
sections are maintained at steady states of 
temperature and humidity. Terra cotta and 
heavy sanitary goods are dned on heated 
floors. Dunng drying the goods undergo from 
5 to ]0% Imear shrinkage. A discussion of 
dryers is given by Brown, “Sdence and 
Practice of Drying,” Clayuv orkcr Press, London, 
1933. 

Firing. 

The simplest method of firing is the “clamp'* 
as used, for example, for firing London Stock 
bricks. A stack is built of bricks and fuel laid 
in alternate layers, an operation requiring great 


skill and experience, and the stack is then 
allowed to bum through. A proportion of fuel 
is mixed with the clay used for making the 
bncks. Permanent intermittent kilns are used 
for certain facing biicks, and most tiles and 
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terra-cotta This type of kiln is more suitable for 
firing goods which need varied treatment such 
as alternate ovulation or reduction during firing 
(*•«« A) 

The most popular kiln for brick burning ii the 
Hofnian type continuous kiln (Fig B). This 



consists of a circular or oval tunnel round winch 
the fire travels continiinusly. Fuel is usually 
fed through boles m the toof, and au for com 
biistion IS pre heated by being diawn over the 
hot fired bricks. The hot furnace gases aie 



draw n over the unfired bricks before being taken 
out to the chimney. 

Developments of this kiln are the chamber 
kiln fired from the side, the use of producer gas 
instead of coal, automatic stokers for coal-fireo 
kilns, and the Zig.Zag kiln (Fig C). 



Fio. D. 


. The tunnel continuous kiln (Fig. D) 'a 
[used to a small extent for bricks but more 
I commonly for firing sanitary goods. In thw 
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kiln the fire is maintained steady at a point 
almost half-way along a tunnel through which 
the goods travel on -steel cars protected by a 
refractory platform. During their passage the 
ware is slowly heated and slowly cooled. 

Both types of eontinuous kiln are economical, 
consuming from 4 to 6 cwt. of coal per 1,000 
bricks as compared with 10 to 12 cwt. consumed 
by intermittent kilns. The time of firing varies 
from 2 to 4 days in a tunnel kUn, from 7 to 14 
days in an intermittent kiln, and from 14 days 
to 0 weeks for a complete circuit of a Hofman 
type kiln. 

Descriptions of kilns are given by Singer, 
“ Die Tunnelofen,” Berlin, 1933, and Searle, 
“ Some Methods of Firing Continuous Kilns,” 
Clayworker Press, London, 1929. 

Firing is usually considered as divided into 
stages. These overlap and no distinct line can 
be drawn where one stage ends and the next 
begins. The first or “ water-smoking ” stage 
extends up to about 600°C. In the early 
stages up to about 200°C. the residue of hygro- 
scopic and added water is eliminated, while at 
400°C. to 600°C. the water of combination of the 
clay molecule is eliminated. During this stage of 
firing there is little or no change of size in the 
product, but porosity increases. 

The kiln atmosphere is usually heavily 
charged with moisture, and the rate of heating 
must bo slow, to permit the .escape of steam from 
the interior of the goods. 

During the second or oxidation stage, from 
about 500°C. to 900°C., carbonaceous matter is 
burnt oS and carbonates and sulphides are 
decomposed. It is during the early part of this 
stage that large quantities of inflammable gases 
are evolved from such clays as the Oxford and 
Kimmeridge. In the second stage the goods 
attain their maximum porosity and there is a 
slight expansion (up to 1 per cent, of the dry 
length). ■ 

The rate of firing must be adjusted to permit 
the access of air for combustion of carbonaceous 
matter, and also the escape of products of decom- 
position. Too rapid firing at this stage may 
result in the formation of a vitreous skin which 
seals the interior, precludes oxidation, and 
causes black cores. These may during later 
stages cause swelling or bloating. 

In the final stage from 950°C. upwards to the 
finishing temperature, the fine-grained consti- 
tuents of the clay sinter together to form a 
glassy bond for the remainder of the product. 

During this period the firing shrinkage occurs, 
and porosity decreases very rapidly. Shrinkage 
varies with different claj's, but bricks fired to 
about 1,000° shrink from 4% of the dry length, 
for a coarse-textured clay, to 8% for a fine- 
grained clay. 

Heating from, say, 950°C. is usually rapid 
up to the final temperature, at which the goods 
are maintained for some time. 

Most ceramic goods are fired in an oxidising 
atmosphere, but, for the production of blue 
bricks, certain purple facing bricks, and also for 
salt glazing, there is a further firing period 
during which the previous oxidising conditions 
are changed to reducing conditions. This 
causes the conversion of the red and brou-n 
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ferric compounds to blue or grey ferrous 
compounds, which, being fusible, produce a 
dense glassy structure in clays rich in iron. 

Salt glazing is carried out by casting salt into 
the kiln when the temperature is 1,200°C. or 
over, and the atmosphere is reducing. The 
volatilised salt reacts with the clay to form ^ 
glassy surface skin of sodium-alumino-sUicates 
(Thompson, Trans. Cer. Soc. 1918, 17, 340). 

The process is used mainly for sewer pipes 
and some chemical stoneware. Other products 
are glazed by usual pottery methods using 
felspathic leadless glazes. Coloured roofing 
tiles are glazed with opaque stanniferous galena 
glazes tinted with suitable oxides. 

The approximate firing temperatures of 
different materials are given in the table below : 


Appkoximate Firing Temperatures eor 
Different Classes of Ceramic Products. 


Product. 

Firing temperature. 

Hollow partition blocks . 
Common and facing 
bricks, roofing tQes 

Floor and glazed wall 
tiles ...... 

Engineering bricks, terra- 
cotta 

Glazed fireclay sanitary 
goods and glazed pipes . 
Salt glazed goods . 

850°C.-1,000°C. 

950°C.-1,100°C. 

1,000°C.-1,100°C. 

1,050°C.-1,200°C. 

1,100°C.-1,200°C. 

1,200°C.-1,300°C. 


Recent years have seen marked advances in 
the control of drying and firing, and increasing 
numbers of works are equipped with humidity 
and temperature recorders for controlling dryers ; 
recording pyrometers, COg- and draught-.meters 
are used on kilns. In many cases also draught is 
maintained by fans rather than by chimney 
draught. These enable waste heat from the 
kilns to be used for drying the wet goods. 
Despite the greater control now exercised 
ceramic goods are still liable to certain faults. 

Faults. 

Defects in clay products arise either from 
defective processes or from the use of poor or 
unsuitable clays. Wire-cut products may be 
laminated owing to the presence of air films in 
the raw moulded brick. A recent innovation is 
the removal of the air by evacuation. Although 
the “ de-airing ” process is said to be of par- 
ticula.r benefit in the production of drainpipes, 
the process is not suited for all clays. A cause 
of cracking and lamination in dry -pressed goods 
is excessive pressure, while too slight pressure or 
too dry a mix gives a product, which is friable 
and soft centred. 

Too rapid firing or drying causes the develop- 
ment of cracks as well as the black core_already 
mentioned. 

Nodules of limestone and gypsum in clays 
bum to lime and anhydrous calcium sulphate 
respectively, and may cause disruption when 
the products are exposed, due to the expansion 
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ensuing on hydration Such clays reqnire to be ; 
finely ground. 

The tiln gases wivanably contain sulphur 
dioxide, which is capable of reacting with the 
clay constituents and causing the formation of 
soluble salts which will, later, give nse to 
unsightly or dangerous efflorescences in the 
brick. The rate of formation of these compounds ' 
is most rapid at about 700'C and high firing 
teraperatures tend to their elwaination Alkali 
sulphates are eliminated fairly readily, but 
calcium and magnesium sulphates are only 
ehminated by prolonged firing at over 1,050“C. 
(Simon and Vetter, Z angew. Chem. 1930, 43, 
380 ; Brady and Coleman, Trans Ceram. Soc. 
1931,30, 169, 1932, 31.58). 

Efflorescence of soluble salts formed in this 
way should be distinguished from scum which w 
formed during the manufacture of the bnck. 
Soluble salts present in the clay may be drawn 
to the surface during drymg and cause “dryer 
scum ” \Vhen due to calcium compounds such 
as gypsum, it can sometimes be prevented by 
additions of banum carbonate to the clay, ginng 
insoluble calcium carbonate and barium 
sulphate. Kiln scum is caused by the action of 
sulphurous gases on the unfired ware during the 
early stages of firing when moisture is present in 
the kUn gases Calcareous clays are roost 
aSected Soluble compounds are formed on the 
surface of the goods and bum to give a white 
scum. Unlike efSorescence, scum has no effect 
on the durability of the bnck. 

Products carrymg an appbed glazed surface 
are liable to crazing or peeling if the coefficients 
of thermal expansion of the glaze and body are I 
different Crazmg of glazed wall tiles is some I 
times due to moisture expansion of the body or I 
shrinkage of the cement backing (lilellor, Trans. | 
Ceram. Soc. 1935, 34, 1). 

The following references are to sources of 
information on the manufacture of straclural 
clay goods. 

Searle, “ hlodem Bnckmaking ” (E. Benn, 
Ltd ), London, 1931. 

Zaiman and McIntyre, “ Economic and 
Manufacturing Aspects of Building Bnck 
Industnes,” Building Research Special Report 
No. 20 (H.M. Stationery Office), London, I 
1933. 

Zaiman and Jlcintyre, “ Manufacture of Clay 
Roofing Tiles in France, Holland, and Belgium,” 
Building Research Bulletin No. 4 (H.M. Sta- 
tionery Office), London, 1928. 

Dummler and Loeser, “ Kandbuch der 
Ziegelfabnkation ” (W. Knapp), Halle, 1926 

Granger, “ La Ceramique IndustneDe,” 2 vola 
(Gauthier-Villiers), Paris, 1929. 

The Properties and Testing of Building 
Bricks. 

(a) Engituenng Bncks . — The properties of 
most importance in bricks used for engineenng 
purposes are high strength and low porosity. 
The range of compressive strengths of bricks 
used for engineering work is approximately from 
5,000-16,OM lb. per sq m i the porosity 
1 anes from below 1% to about 18% (by volume), 
or 8% if the porosity is expressed in terms of the 
trtighl of water absorbed. 


j Engineering bricks are also highly aeid- 
I resistant — a property which is occasionally of 
I importance in building. 

Many bricks which would be suitable for 
'engineering purposes are also used as facing 
bncks, especially in the north of England. In 
such cases the critical tests are not strength and 
porosity, but those which attempt to assess 
properties having a more direct beanng on their 
use aa facing bncks (see below) 

(6) Facing Bn'els . — In bncks used for ordinary 
building purposes it is unnecessary to consider 
mechanical strength because even the weakest 
bncks in common use possess sufficient strength 
to meet all the demands bkely to be made upon 
them. (Strengths as low as 1,000 lb. per sq m 
are not uncommon, particularly amongst hand* 
made facing bricks such as London stocks, 
which, nevertheless, are very weather resistant j 
There are certain other properties in respect of 
which the charactenstics of bncks as a class 
are so well known that formal testing is rarely 
necessary ; such are heat and sound insulation 
There is an approximate relation between bulk 
density (weight divided by overall volume 
including pore space) and thermal conduetivit) 
which 18 given in the following table taken from 
Tomnd.-Zlg 1932,56.1044: 

Table 1. 

Bull Bensiiy. Thermal CoHduciivily 
18kg./cdm. 0 55-0 60 cal./m hr.T 
1-6 „ 0 40-0 45 „ 

12 „ 0 23-0 27 

In considering the suitability of bricks for 
use for facing it is more important to studv the 
chemical and physical properties which deter* 
mine their serviceability. The most important 
m the case of facing bricks are resistance 
to rain penetration and resistance to weathering. 
The question of freedom from soluble salts 
likely to form efflorescences is of importance in 
the case of both facing and backing bricks and 
will be considered in a separate section. 

There are two ways in which a wall may 
exclude water. One is by presenting an imper- 
vious skm to the ram. This method finds more 
favour in Germany than in England and has been 
discussed by W Them (Diss. Brunswick, 1931) 
The method makes exceptional demands upon 
the workmanship of the bricklayer, since 
imperfect bonding of bricks and mortar, which 
may easily occur with highly vitrified bricks, 
leaves cracks through which water may penetrate 
to the more porous backing bricks. The 
impervious nature of the facing bricks then 
becomes a disadvantage, preventmg the water 
from again drying out through the face of the 
walk The other method, which is more in 
accordance with British and especially southern 
English practice, depends on the use of * 
moderately porous bnck which bonds well with 
' mortar and has the merit of allowing the water 
I which it absorbs to be evaporated rapidly (c/* 

I L. F. Cooling, Trans. Ceram. Soc. 1929, 29, 39)* 
jA wall built of such bricks absorbs water by^ 
'capiUaiy forces, its pore space acting * 
reservoir m which the water is held until it 
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can again be evaporated. The extent to which 
this capacity to hold water can be relied upon 
to keep the inside of a wall dry in any given 
situation is fairly well understood empirically. 
In some situations this capacity is insufficient 
and where exposure is severe, as on a south- 
west elevation, in Great Britain, facing the sea, 
walls are either built with a cavity or are 
rendered. It must be emphasised that bricks 


of the same porosity may differ widely in per- 
meability, and that the latter property must be 
measured in order to decide whether a given 
brick needs to be used with special precautions. 
Table 2 gives the porosity and permeability of a 
hand-made facing brick (exceptional) which 
gave rise to serious rain penetration, and com- 
parative figures for bricks of more normal 
properties. 


Table 2. 

POBOSITIES AND PEBMEABILITIES OF FACING BrICKS. 


Brick. 

Porosity 
(% by vol.). 

Perme 

5 min. 

ability unc 

10 min. 

er 20 cm. 
XlO 

30 min. 

lead of wal 
® after 

Ihr. 

er c.c./sq.c 

2 hrs. 

m./sec. 

24 hrs. 

Hand-made brick 








(exceptional) 

27-3 

3,582 

3,346 

3,037 

2,779 


— 

Hand-made red brick 

33-7 

840 

640 

399 

294 

222 

12 

Dry pressed red brick 

27-2 

1,703 

1,191 

215 

207 


— 

Plastic pressed red 








brick .... 

19-7 

233 

184 

100 

62 

33 

2-5 


It should be added that these very permeable 
bricks are rare and that rain penetration is 
more often due to faulty workmanship, especially 
failure to fill vertical joints, or to faulty design, 
than to penetration of water through the body 
of either brick or mortar. This aspect of the 
subject has been discussed by F. 0. Anderegg 
(Brick and Clay Record, 1931, 79, 291). 

Knowledge of the mechanism of w'eathering in 
bricks is incomplete. It is not yet possible to 
lay down standard methods of test which will 
assess the probable durability of a brick without 
making demands upon the investigator’s 
experience of the materials. The most important 
obstacles to the development of improved tests 
are the following : in many cases the results of 
laboratory tests have not been adequately com- 
pared with exposure tests under natural con- 
ditions owing to the sloivness with which the 
natural weathering of good bricks takes place ; 
it is not even possible to compare results with 
reputations based on the study of old buildings, 
because bricks made by modern methods differ 
from older bricks even when the clays are the 
same. A further difficulty is uncertainty as to 
the effective w'eathering agent, which may 
vary with the climate. Workers in Germany, 
Sweden, and the U.S.A. have regarded frost as 
the principal weathering agent (cf. the use of 
adsorption ratio as a criterion of w’cather 
resistance), but it may be doubted whether it is 
the dominant factor in England except in certain 
situations such as retaining walls or parapets. 
The evidence for attack by atmospheric acids 
upon building bricks is slight. Indeed, it may 
be said that the majority of English bricks do 
not weather in the face of a wall, although 
there are a few types, notably certain soft red 
bricks, which crumble away from the face and 
require to be replaced in the course of a few 
decades. In these eases the primary cause of 
weathering may well be hydrolysis ns suggested 


by C. E. Moore (Clayoraft, 1933, 6, 381) by 
analogy with the weathering of rocks in nature. 
Moore pointed out that bricks’fired at tempera- 
tures below about 950° C. would be expected on 
theoretical grounds to be more susceptible to 
the action of water than those fired at higher 
temperatures. 

On account of these difficulties the present 
starting point for all attempts to assess weather- 
ing quality is the generalisaticm, based on uni- 
versal experience, that a well-fired brick is 
weather-resistant. This has led to the use as 
quab'ty tests of measurements of properties 
which vary or are assumed to vary as functions 
of firing temperature. Of these properties 
strength and water adsorption have been most 
studied, but no clear estimate of quality can be 
based upon them. Whilst there is in general an 
increase in strength and a decrease in porosity 
as the firing temperature of a clay is advanced, 
the differences between bricks made from 
different clays and by different manufacturing 
processes are such that it is impossible to lay 
down any limits which would separate good 
bricks from bad. The subjectof water adsorption 
and of the various attempts that have been made 
to improve upon the simple test of adsorption 
capacity was reviewed in some detail by 
C. M. Watkins and B. Buttenvorth (Trans. 
Ceram. Soc. 1934, 33, 444). A tentative specifi- 
cation of the American Society for Testing 
Materials published in 1935 has proposed the 
use of a combination of properties, compressive 
strength, absorption, and absorption ratio, as a 
means of separating well-fired from underfired 
bricks. The basis of the specification is the 
extensive survey of the properties of bricks made 
in the U.S.A. carried out by McBurney and co- 
workers(Proc.Amer. Soc. Testing Materials, 193.3, 
33 (Pt. 2), 636, and previous papers). The limits 
proposed in that specification would not be ap- 
I plicable in Great Britain, where a large number 
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of tand-made bricks are still made, whereas m 
the U.S.A. the number is neghgiblc. Hand-made 
bricks generally have lower strengths than 
machine-made bricks, and moat hand made 
bricks would be rejected by the A.STM. 
specification m spite of their excellent weathou^ 
properties. 

The tests most relied upon in this country are 
(1) resistance to the cryatalliaation of sodium 
sulphate and (2) expansion on wetting ; freeung 
tests are also earned out, but their results are 
less informative because an entirely satisfactory 
method of carrying out the test is stiU to be 
found The sodium sulphate crystaUisation test 
gives a comparison between different bncks in 
respect of resistance to expansive stresses set up 
within their pores. If a standardised method 
of carrying out the test is adopted it is then 
possible to judge the quahty of a brick under 
test by companng its performance with that of 
other bricks of known quality. 

The linear expansion on wetting of well fired 
bncks ranges from 0 005 to 0^5%; much 
higher values, of the order of 0 06%, are asso- 
ciated with under firmg, though bncks showing 
an expansion of this order are seldom put on 
the market. 

(c) Backing Bncks — Bricks which are only 
used internally m a building or which if used 
externally ate covered with a cement rendering 
need not be so weather resistant as facing 
bncks. The principal requirement is that they 
should afford a good for plaster This 
inTolrea the possession of a certain degree of 
porosity, but the rate of adsorption sbomd not 
be too greal or the plaster will oe dried out too 
soon after application; a very smooth surface 
u also a disadvantage. To improve the 
mechanical key for plaster, certain bncks are 
speciallv grooved. 

Freedom from soluble salts is also important, 
see below. 

(d) EJJloTcscenct — Soluble salts present m 
masonry may migrate in solution and ciystallise 
on or beneath the surface when the water is 
evaporated. Slight superficial efflorescences are 
common on facing bricks m new buildings; 
the salts may be derived either from the bricks 
or from the mortar. Such efflorescences are 
usually dispersed by the action of wind and ram 
in a very few years, and are chiefly in evidence in 
the spring More important are the phenomena 
which may result from the presence of the 
considerable quantities of-MgSO* which occur 
in some underfired bucks. Plaster appbed to 
such bncks may separate with a thin lamina of 
bnck adhering to it owmg to the formation 
of a semi-permeable membrane of MglOH)] 
at the pomt where the sulphate first comes m 
contact with Lme derived from the plaster. 
When the water evaporates needle-shaped 
crystals of MgS04,7H20 form bebmd the 
membrane with their long axes at right angles 
to the wall (F. L. Brady, Nature, 1930, 126, 
684). MgS04 13 also capable of causing 
failure of the bncks themselves when present m 
large amounts 

Sulphates generally are dangerous in common 
bricks because of the habihty to injure cement 
lenderings apphed to them. Much depends on 


the exposure of the brickwork and upon weather 
conditions during building. In work which 
contains much water, the sulphates may pass 
to the junction of the brickwork and cement 
rendering and cause detachment. Under dry 
conditions there may be no trouble even with 
bnekwork having a high sulphate content. 

Estimation of the total percentage of water 
soluble matter in a bnck is no guide to its 
tendency to form efflorescences, because the 
greater part of the soluble matter generally 
consists of CaS04, which is inert from an 
efflorescence pomt of view. Even bncks con- 
taining much MgS04 usually contain more 
CaS04. It IS not yet possible to lay down a 
rigid limit for soluble salt content, but it la 
thought that trouble may occur with bricks 
containing more than 0 05% Mg. ^Vhen 
carrying out a soluble salt analysis it is essential 
to extract a fine powder (passing a 100 mesh 
sieve) by agitating thoroughly with an excess of 
water and washing well in order to extract the 
salts completely. Erroneously low results have 
been published owing to failure to ensure com- 
plete extraction Table 3 shows some typical 
soluble salt analyses of reputable English 
building bncks, (l)-(8) ; one analysis (9) of a 
bnck known to give serious MgSOjefflorescence 
IS added for comparison. 

It 19 uncertain whether the alkahs are present 
as sulphates or whether they are not derived 
in part at least from a slight hydrolyus of 
silicates during the extraction. 

The soluble salt analysis may with advantage 
be supplemented by a direct effloresecne^ test 
which consists in feeding the brick with distilled 
water at room temperature and then allowing it 
to dry out Salts dissolved by the water in 
passing through the brick are deposited on the 
surface as an efflorescence (B. Butterworth, 
Trans Ceram Soc. 1033, 82, 270). 

Tiles. 

There is a Bntish Standard Specification for 
clay plain roofing tiles which lays down tests of 
permeability, transverse strength, and resistance 
to freezing (B.S S , No. 402—1930). 

The principal defect shown by many tiles is a 
tendency to exfoliate after some years’ exposure 
owing *o the effect of frost. This effect is more 
common with machine-made than with hand- 
made tiles. Exfoliation may be reduced by 
avoiding certain faulty methods of fixing tiles 
which tend to keep them unduly wet. The 
merits of various current methods of using tiles 
have been discussed by L. G. Tomlinson 
(Trans. Ceram Soc. 1929, 29, 1). 

Terra Cotta. 

Terra cotta is comparable in physical structure 
with engineering bncks. A study of the weather 
ing of terra cotta was made by W. A.^Mac- 
IntjTe (Building Research Special Kept. No. 12. 
1929). MacIntyre found that the decay of much 
of the terra cotta used in London about the 
middle of the nineteenth century was due to 
underfiring. Underfired material was exten- 
sively used owing to the popularity with 
architects of a certain shade of colour which 
could only be obtained by underfiring- 
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Table 3. 

Soluble Salt Analyses of some English Bricks. 


Brick. 

Source. 

Rustic 

wirecut. 

Yorks. 

( 1 ) 

Gault 
facing. , 

Kent. 

( 2 ) 

Pletton. 

Nr. 

Peter- 

borough. 

(3) 

Red 

wirecut. 

Leices- 

tershire. 

(4) 

London 

stock 

hand 

made. 

Bucks. 

( 6 ) 

Plastic 

pressed 

red. 

Lancs. 

( 0 ) 

Purpie 

multi 

hand 

made. 

Herts. 

(7) 

Buff 

facing. 

East 

Mid- 

lands. 

( 8 ) 

Soft 

common 

wirecut. 

S.E. 

England. 

(9) 

Total soluble salts 
(dried at llO^C.) 

0-94 

0-84 

3-16 

m 

0‘74 

0-11 

0-10 

0-29 

3-89 

Ca . . . 

0-19 

0-17 

0-80 

wK I 

0-15 

0-01 

0-00 

0-04 

0-60 

Mg . . . 

0-03 

0-01 

0-01 

HiVi' ■ 

0-02 

0-01 

0-01 

0-00 

0-25 

Na . . . 

0-04 

0-02 

0-04 

BTi' il 

0-04 

0-03 

0-04 

0-01 

0-06 

K. . . . 

0-02 

0-04 

003 

BS' 

0-01 

trace 

0-00 

0-02 

0-04 

SO 4 . . . 

0-48 

0-39 

2-07 

0-50 

0-34 

0-04 

0-04 

0-07 

2-62 

Si 03 . . . 

0-03 

0-04 

0-02 

004 

0-05 

0-02 

— 

0-02 

0-03 

Liability to efflores- 

slight 

slight 

nil, but 

slight 

nil or 

nil 

nil 

nit 

serious 

cence 

CaS 04 
may be 
lost by 
diffu- 
sion 

slight 






Salt-glazed Pipes. 

British Standard dimensions of drain fittings 
are specified in British Standard Specification 
No, 539, 1934. Specifications referring to 
quality are British Standard Specification 
No, 66, 1934, and British Standard Specification 
No. 640, 1934. Impermeahility, hydraulic, and 
absorption teats are laid down. 

B. B. and E. H. C. 

II. Calcium Sulphate Plasters and 
Cements. 

Nomenclature. 

The calcium sulphate plasters are those 
cementitious materials employed in building and 
in the arts, which have a definite set solely due 
to hydration of calcium sulphate, in some form ; 
they may be anhydrous or contain a certain small 
proportion of combined water. 

They are sometimes known as “ gypsum 
plasters,” since most of them are prepared by 
calcining gypsum, and all revert wholly or 
partially to gypsum when set; the harder are 
termed “ cements.” A large proportion are 
marketed under proprietary names and certain 
traditional names or modifications of the same. 
Unfortunately these names often afford no clue 
as to the type and composition, and there is no 
assurance that a material sold under a certain 
name will continue uniform. 

Raw Materials. 

Apart from minor recent sources in by- 
products of other industries, such as precipitated 
gypsum from the phosphate industry, the 
main source of the raw material of the calcium 
sulphate plasters is either mineral gypsum, 
CaS04,2Hi,0, or (latterly) natural anhydrite, 
CaSOj. 

The British g 5 'psum deposits are mainly 
associated with' the keuper marls, and are 
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usually thin-bedded ; the principal sources are 
in the valleys of the Trent, and of the Eden in 
the Carlisle district, though fairly thick beds of a 
grey gypsum associated with limestone and 
shale are mined in one locality in Sussex. 
Anhydrite is a common impurity. Massive 
beds of natural anhydrite are found near Hartle- 
pool and Middlesbrough, and are mined on a 
large scale at BiUingham, both for plaster manu- 
facture and for use in the heavy chemical 
industry. 

Only a comparatively small proportion of the 
gypsum used is imported, and that mainly for 
use as Portland cement retarder. 

Calcination of Plaster, 

From gypsum the various plasters and 
cements are prepared essentially by partial or 
complete dehydration by means of heat. The 
different grades are obtained mainly by varying 
the degree (temperature and duration) of 
calcination, by calcining either before or after 
grinding, and by various additions made to the 
ground and calcined material (catalysts of set, 
accelerators or retarders). Natural anhydrite 
is already anhydrous, so requires no calcining : 
it is merely ground, and accelerator added. 

The table on p. 130 gives a key to the 
successive products of calcination of gypsum, 
the associated materials, and the properties 
which may be used in recognising them in 
plasters. 

The crystallised product (7) is readily obtained 
by heating gypsum in water under pressure 
above the equilibrium point at 107°C. (or at a 
proportionately lower temperature in a suitable 
salt solution), rapid filtering whilst hot, and 
washing with absolute alcohol. It is readily 
soluble in water, hydrating to gypsum like (2). 

The results of a number of investigators with 
X-ray analysis suggest three different crystal 












6 

Eatriehgips. 

Calcining gyp- 

1 (Partly 


CaSO. and 

sum at 

sintered.) 


CaO. 

approaching 
white heat. 




* A i[radiial&ad.i:ftTetsUilelos&nCwa(er^ft "iivJjWft" cJjaiUEp 

* Product depends OD tcmpcmure and time of calclnlcg. 

(3) U extremely hygroscopic, leyertins immediately to (2). 

(4) Is Inert, and almostlnsoluble. 

lattices, that of (I) i that of (2), (3), and (7) ; flues foe direct firing by coal, gas or oil, is 
and that of (4) and (5) respectively. commonly used, with a calcination cycle of IJ to 

The impurities in the natural rock will also be 3 hours In Great Britain the shallow, open pan 
modified by calcination ; w hen “ hard burnt ” is etdl used to some extent, fitted with a stirring 
at a temperature in the neighbourhood of a red rake and taking n much smaller charge in a 
heat, calcium carbonate will bo portly con- umilar cycle. Numerous patents have been 

verted into free lime which may also be produced granted for various methods of direct and indirect 

by partial dissociation at higher temperatures, beating, by superheated water, hot oil, etc : 
Commercial plasters are necessarily somewhat rotary kilns of various types are employed, 
mixed products. particularly in America and in Germany, usually 

fatted with lifting devices and with (at least 
Manufacture. partly) co-current heating so as to avoid 

Whore gypsum is used tho principal manu- overheating of the product which might occur 
factoring operation is that of calcination. The if arranged in the conventional manner of * 
commercial calciners ore of numerous types, cement kiln with counter -current of hot gases 
Tor hemihjdrate (plaster of Tans} the deep and calcined product. A modern development u 
American kettle, holding 5-10 tons of ground the simultaneous grmdmg and dehydration (by 
gypsumat a charge, fitted with stinersand cross- hotair) m the same mill. 
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The “ hard burnt ” or anhydrous plasters are 
usually calcined, in lump form, and ground 
afterwards, the necessary accelerator being 
added at one stage or another. In order to 
preserve a light colour, and to avoid the intro- 
duction of fuel ash, modern British anhydrous 
plasters are usually burnt in separate-fired 
continuous vertical kilns, although mixed-feed 
vertical kilns both of the continuous and of the 
batch type have been employed widely in the 
past, and some are still in use in other countries. 
On account of the low thermal conductivity of 
gypsum, and of the endothermic nature of the 
dehydration process, the larger lumps are seldom 
calcined to the same degree throughout, so that 
there may be unchanged gypsum, hemihydrate, 
and soluble anhydrite in the middle of a lump 
when -withdrawn, and at the comers and edges the 
rock may be overbumt, and even partly 
dissociated into free lime. 

“ Boiled Keene’s ” is stiU made by heating 
ground gypsum, -with some stirring, on an open 
hearth under which flues pass, -with a tempera- 
ture approaching a red heat in parts, an accelera- 
tor being added and the heating then finished. 
The German “ Estrichgips ” or flooring plaster is 
calcined in vertical kilns in lump form at a high 
temperature (attaining 1,100°-1,200'’C.), so 
that some dissociation results and a small 
amount of free Ume is left intimately mixed -with 
the product. Ovens resembling baker’s ovens 
are employed on the Continent for calcining 
certain types of plaster. 

Setting of Plaster. 

The setting of a calcium sulphate plaster or 
cement is essentially a process of reciystaUisation, 
t.e. the formation of hydrated crystals of gypsum 
from a supersaturated solution. These crystals 
are tangled and interlocked, and grow together, 
thus forming a rigid crystalline structure of set 
plaster, embedding the sand grains or other 
aggregate present, but often (especially with 
hemihydrate plasters) leaving a proportion of 
voids. The strength and hardness, and texture 
of surface, -will depend on the rate of growth, 
i.c. on the shape and size of these crystals, and 
on their closeness of packing. 

The hemihydrate possesses a solubility about 
five times that of gypsum, so that when mixed 
with water it rapidly dissolves to form a solution 
heavily supersaturated -with respect to gypsum. 
If crystal nuclei of gypsum are already present 
(as is usually the case with plaster of Paris 
calcined in an open pan at a comparatively 
low temperature), within a very few minutes 
crystallisation of gypsum commences at these 
nuclei, and spreads rapidly throughout the mass.. 
As the concentration of the solution tends to 
deorcMe, more hemihydrate goes into solution, 
and is precipitated in turn as gypsum ; this 
process continues until all the hemihydrate is 
consumed, or until no water is left. In a work- 
able plastering mix the water -will be present in 
great excess over the stoichiometric equivalent. 

In the case of anhydrous plasters, t.e. “ hard 
burnt ” or natural anhydrite, the process of 
sotting is analogous to that of the hemihydrate, 
but the degree of supersaturation achieved is 
very much less. Setting takes place much more 
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slowly and only at an appreciable rate in the 
presence of a suitable catalyst. The system 
“ insoluble anhydrite ’’/water/gypsum must 
therefore be unstable at ordinary temperatures, 
but we cannot really speak of a definite “ solu- 
bility ” of the anhydrite ih these circum- 
stances, although it appears to be greater than 
that of gypsum. The rate of solution probably 
to a large extent controls the velocity of the 
reaction; fine grinding of the anhydrite^ is 
essential. A smaller proportion of mixing 
water is usually required by anhydrous plasters 
to produce a workable mix ; this influences the 
texture of the product. 

Catalysts of Set. (Accelerators andcRe- 
tarders.) 

Since ordinary plaster of Paris starts to set 
too quickly for convenient application for 
plastering (in sanded undercoats) and for some 
other uses, a retarder of set is frequently added, 
ordinary glue or size being employed on a small 
scale and “ keratin ” (sodium and calcium salts 
of the amino acids resulting from the partial 
hydrolytic degradation of the proteins of horns, 
hoofs, and hair) in many “ hard wall ” plasters. 
These act apparently by being adsorbed on the 
nuclei (of unchanged gypsum, dust, etc.) which 
would normally previde a start for the re- 
crystallisation of gypsum, and in this way, and 
by retarding the ^Susion of fresh material 
inwards to build up the crystals, delay the onset 
of effective “ setting.” Once this starts, and the 
crystal has outgrown its shell of adsorbed glue, 
etc., the setting takes its normal course. Thus 
the retarded hemihydrate plasters can be 
described as comparatively slow-starting but 
rapid-setting. The proportion of retarder 
needed is minute : about f lb. to 10 lb. per ton 
of plaster being the range of usual proportions 
which retard the “ set ” to a convenient period 
for normal use. Borax is also occasionally 
employed as a retarder (about 1 or 2 per cent, in 
solution or as a solid) ; the action of this salt is 
somewhat obscure. 

The accelerators of set employed with the 
anhydrous plasters are usually soluble sulphates. 
Potassium sulpha-te is the commonest, either 
alone or as potash alum. Soluble sulphates of 
other metals are also employed, e.g. alumin- 
ium or zinc sulphate, or mixtures of these. As a 
rule sodium salts (though otherwise effective) 
are to be avoided, as these tend to produce 
unsightly efflorescences. The precise action of 
accelerators is still a matter of surmise, although 
much has been written on this subject; the 
simple theory of the effect on the solubility of 
gypsum leads to contradictions. The set is 
usually adjusted so as to give an “ initial set ” 
in a couple of hours, t.e. the plaster is slow- 
starting; the hardening then proceeds slowly, 
and in some cases may take several weeks to 
complete in damp storage, particularly with 
natural anhydrite plasters and those accelerated 
■with lime in place of soluble alkali salts. 

Lime acts per se as an accelerator of set. 
It is less active than soluble sulphates, and may. 
of course, lose its effectiveness in long storage, 
o-wing to neutralisation by atmospheric carbon 
dioxide. 
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It foUo’i's from the above that the removal or 
neutralisation of the glue or salt used for 
adjusting the set a ill have the opposite effect m 
retarded or accelerated plasters, accelerating 
the former and retarding the latter. In general 
the loss of acceleration from the anhydrous 
plasters is more often encountered and more 
serious in its effects than the removal of glue 
from retarded plasters I 

Expansion. 

Although there is a decrease in total volume of 
about 7% in the hydration of plaster to crystal 
line gipsum. on account of the thrust of the 
growing crystals, and of the porous structure of i 
the set plaster resulting, there is a linear expan I 
Bion of approximately 0 2 to 0 4% duruig the I 
setting of a paste of plaster and water, if un- 
restrained This expansion enables very sharp 
casts in plaster to be made A comparatively 
small restraining force can inhibit the movement 
in any one or two directions Under certain 
conditions this expansion can produce unwelcome 
effects (“ delayed expansion ”) The extent of 


the expansion depends on the circumstances 
of setting, and particularly on the presence of 
accelerators or retarders. In order to obtain a 
very small expansion combined with a convement 
aettmg time for dental casts, both aceeleratora 
(potassium salts) and retarders (e borax) ha\ e 
been used simultaneously with plaster of Pans. 

Corrosion. 

Ironwork in contact with moist calcium 
sulphate is corroded, and especially with some 
calcium sulphate plasters of the “ acid ” tjpe, 
t e those accelerated with alum. On the other 
hand, those plasters containing free Lae act 
(for a time) as definite protective agents to 
embedded iron. In general, metal work (except 
perhaps lead) should be protected from contact 
with plaster, if there is any nsk of damp. 

Classification. 

The appended table indicates the classification 
of modem calcium sulphate plasters and 
cements. This cannot he apphed m every case, 
since the practice of different makers vanes. 


Swl.r«ATE POSTERS. 


Compoathon. 

1 Group 1 Accelerated Aoh}drous CaSO, 

Group S. Hemlhydrate (CiS04),.H,0 

'^ravMttinnfnRnnirirMrafHSMlHMaailil^H 


A. Accelerated with bme Proprietary plasters 
hard-burnt from gypsum eontaimng much 
CaCO] Estrichgips. 

A Retarded hemihydrate. Many pro- 

prietary " hai^ wall ” plasters for 
trowel application (usua% keratin 
retarded). Plaster of Fans retarded 
with glue, size, or borax for decorative 
plaster work. 

6. Accelerated with soluble salts. Most pro- 
prietary " hard burnt ” plasters for trowel 
application (usually accelerated with alum 
or KjSO,). Natural anbydnte plaster 
(accelerated with sulphates). Most 

“ Keene’s ” ^ and “ Parian ” cements. 

Substitutes for Keene's ” 

B. Unretarded. Plaster of Pans. Common 
“ gauging plaster." Casting plaster. 
Surgical and some dental plaster. 
Ceramic moulds. Plaster for oms- 
mental work, fibrous plaster (“stick 
and raji "i. plaster wall boards, 
building blocks, and tiles. 

Some extra hard dental moulding plasters 
may be of Group 1. 

Certain special non-eipansive dental 
plasters for impressions are plaster of 
Pans simultaneously accelerated and 
retarded. 

Setllag. j 

1 A 

1 B. 

2B 

2 A. 

iSlart: Slow, if of uniform composi- 
tion.* 

blow.* 

Quick. 

“ Undercoat,” 

Slow; “Finishing,” ’ 
Medium-slow. 

Complelion • Slow. If lime % is low 
very slow . 

Slow. 

Quick. 

Quick. 


; The original " Keene’s ” was double-bumt. and alum-accelerated , ^ , 

■i brands contain a portion of ijuick startlns material (soluble anhydrite, CaSO., and hemihjdfste) 

* ^\ithlilJle, somewhat quick. -i i *< 
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III. Lime. 

Classification. 

Lime is employed in vast quantities in 
building ; as a cheap alkali in the heavy chemical 
industries; as a flux; for water softening; in 
tanning, etc. ; and in agriculture. For standard 
specification purposes “ lime ” may be defined 
as consisting essentially either of calcium oxide, 
CaO, or of calcium oxide together with a smaller 
proportion of magnesium oxide, MgO, formed 
by burning a natural rock or other suitable 
material at such a temperature that it will slake 
when brought into contact with water. The 
raw material for building limes may sometimes 
be of a composition approaching dolomite 
(MgCOa.CaCOj). 

The term also includes in practice dry hydrated 
limes prepared in the form of a fine dry powder 
by treating quicklime with sufficient water to 
satisfy the chemical affinity of the free calcium 
oxide present whilst producing a dry, sound 
product, i.e. essentially CafOHlj. 

Lime for chemical purposes requires, in 
general, to be much purer than many commonly 
used building limes, and for certain trades a 
high magnesia content is undesirable : the 
value may be assessed on the basis of CaO 
content, or of lime freely soluble and “ avail- 
able ” for some specific purpose, such as neutrali- 
sation or precipitation. For agricultural pur- 
poses finely divided calcium carbonate may be 
included in the terra, but here again a CaO 
content is generall}' the important consideration. 

The principal basis of differentiation for the 
British building limes is that of degree of 
hydrauUcity, which depends mainly on the 
proportion of clay matter, hydrated aluminium 
silicate (represented approximately as AljOj, 
2 Si 02 , 2 H 20 , but actually of varied and 
complex composition) present as an “ impurity ” 
in the stone. Another basis for classification 
is that of !ise : into (i) limes suitable for plaster- 
ing, for the finishing coat (and also incidentally 
for plastering undercoats, or “ coarse stuff ”) ; 
and (ii) limes suitable primarily for mortar, 
for masonry, or for “ coarse stuff ” only. The 
difference is mainly that of workability of the 
material under the craftmen’s tools. A sub- 
division into hydraulic and non-hydraulic can be 
further introduced into the “ mortar ” class (ii). 
Hydraulicity is usually ignored when classifying 
plastering (finishing coat) limes (i). 

Limes are sometimes popularly classified with 
“ fat ” and “ lean ” limes, the former term 
indicating that a plastic putty of high moisture 
content results on slaking, the latter the con- 
verse effect. It is often supposed that all fat 
limes are non-hydraulic and all lean limes 
hydraulic, but there are numerous exceptions. 

Raw Materials. 

Apart from certain by-product calcium 
carbonate, and cases where compounds of lime 
are recovered in some cj'clic process and re- 
burnt in the same works, most lime is derived 
by burning of limestone (hard stone or chalk) 
in suitable kilns, and for economie reasons the 
locally available limestone is invariably em- 
ploj’ed. Great Britain is extremely rich in 
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limestones, both in quantity and width of 
distribution, and in variety of composition and 
types. Table 4 on p. 134 indicates roughly 
the more important of these ; relatively small 
amounts of other deposits (e.g. Devonian and 
Silurian) are employed for local trade only. 
Freight rates, and rapid deterioration of 
quicklime through exposure in transit prevent 
much exchange from one region to another, 
though dry hydrated limes tend to find a wider 
market. 

Composition. 

Type 1. — The “ high calcium ” limes vary from 
over 98% CaO with some mountain limes 
(calculated on the ignited specimen), to a little 
under 95% for pure white chalks ; the balance 
will be mainly silica, a little alumina, and 
magnesia. 

Type 4. — Magnesian limes are defined as 
those containing over 5% MgO ; but most of 
the British magnesian limes approximate to the 
proportions of dolomite, i.e. 35-40% MgO, 
with a little silica and iron. A few specimens 
of the “ lean ” type may contain more silica and 
less magnesia. 

Type 2. — The moderately hydraulic limes 
(known in the south-east of England as “ grey- 
stone ” or “ grey ” limes, which must be 
distinguished from the “stone” lime of the 
Midlands, which is high calcium mountain lime, 
and from the “ grey ” lime of the West Country, 
which may be a liassic lime) have up to 12 
or 15% of “ soluble ” silica and alumina, with 
usuaDy a low magnesia content and some iron. 

Type 3. — The eminently hydraulic limes, 
generally derived from thin-bedded deposits 
rich in clay and shale, are of variable com- 
position, and may contain up to 30% of 
“ soluble ” silica, up to 7 or 8% of alumina, 
but usually not over about 2% of magnesia. 
The CaO content thus ranges from about 50 to 
75%, though some Blue Lias limes (3 (a) ) may 
show up to 80% CaO, thus overlapping the 
greystone limes. Those with the lowest CaO 
content are virtually “ natural cements.” 

Manufacture. 

The manufacturing processes are compara- 
tively simple, and eonsist in : (o) “ burning ” 
the rock or other raw material in some type of 
kiln ; (i>) sorting and picking (and occasionally 
grinding) the quicklime produced ; and (c) (in 
the case of a dry hydrated lime) hydration 
of the quicklime with a limited amount of water, 
storage for a short period, and sifting or air 
separation to remove coarse, unslaked particles 
and unsound material. 

The “ burning ” is the dissociation by heat 
of the calcium (and magnesium) carbonate into 
“ lime,” CaO (and MgO), and carbon dioxide, 
requiring approximately 770 B.Th.U. per 
pound (Jess for magnesia). The temperatures 
used range from about 900°C. for hydraulic 
limes to 1,200° or even l,400°C. in the case of 
high calcium mountain limes burnt in primitive 
mixed-feed kilns. The types of kiln are legion — 
intermittent and continuous, mixed feed and 
“separate feed” (i.e. separately fired, by coal 
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Table 4. 

Pbincipal Bbitish Luiestohes Btruirr for Lime. 


Variety. 

Calcium. 


Hrdraullc, 

Chemical 

COMPOSt- 

TIOS. 

Mainly CaCOg 

CaCO, 

MgCO, 

CaCOj and varying proportiona 
of clay-matter 
(“AI,0a-2Si0p2H,0 ”) 

Tepe 


1 


4 

2. Moder- 
ately 

3. Eminently Hydrauhe 


(«) 

(6) 

(0 

Descrip- 

tion. 

Slountam 

White 

Chalk 

Oiditic 

High 

Sian (Do- 
lomitic) 

Creystone 

Blue Lias 

Chalk 

2Iarl 

Scotch 

(ahaley) 

Carbooi- 

ferous 

Geolooy 

Carboni- 
ferous 
(Massiv e) 

Upper 

Cretaceous 

(Upper 

Chalk) 

Oohtic 

Permian 

Upper 

Cretaceous 

*^^k) 

Liassic 

Lower 

Cretace- 

ous 

Carbom- 

ferous 

(thm- 

bedded) 

Principal 
District 
OF Obiqin. 

Buxton, 
Mendips. 
Forest of 
Dean, S. 
Wales and 
N.Walea 

Thames 
Basm, S-E 
England, 
Yorkshire, 
E. Anglia 

Oobtic 

belt 

(Bath. 

Portland, 

etc.*) 

Narrow 

Permian 

belt, 

South 

Shields 

to Mans 

field ant 

Nottiug- 

ham 

Thames 

Basm 

(home 

counties) 

Liassic 

belt 

(Rugby, 
Barrow, 
Aber- 
thaw, 
Bndgend 
and m 
Somer- 
set) 

Cam- 

bridge- 

shire 

S Scotlasd 

(Glasgow 

district) 


^ Ualal7 used for buildl&s stoae. 


or producer gas), rotaij, aud chamber ktlns all 
being employed. 

The haad-picking and foikiug of the burnt 
lime la almost the ool; quality control m general 
use, remoTing fuel ash (m mixed feed kilnsl, 
overbumt and underburnt stone : a picking belt 
is employed in the most modem works. On 
account of the short-sighted demand for large 
lump lime jn building there is a heavy wastage 
in smalls, some of which waste is now being 
avoided by dry hydration and the sale as 
bj drate. Care is needed, therefore, to see that no 
rubbish goes to the hydrator. 

Slaking Conditions. 

Slaking, or hydration of CaO to CalOH),. 
necessarily precedes most employment of lime. 
For strictly chemical purposes, the precise 
physical condition of the slaked hme may be a 
matter of indifference. For some purposes, 
honever, rapid setting may be required; for 
others, and especially for use in building, Teiy 
smaU particle-size, slow setting, and high bulk- 
ing are demanded. The rate of setting, the 
“volume-yield,” and the plastic working 
quahties of the lime putty have been found to 
‘depend to a large extent on the precise slating 
conditions employed, so that both for practical 
purposes (as outlined below) and for standard 
test purposes, a set of conditions adjusted 
precisely to the tjpe of hme is adopted. The 


optimum conditions may vary accordmg to the 
conditions under which the hme has been buint. 
The amount of residue left after slaking will sbo 
depend on the method of slaking ; the aim when 
the lime is to be employed in biuldmg is to 
obtain as small a residue as possible con- 
sistent with the removal of all unsound and 
potentially dangerous material. In general, 
dry hydration to powder produces a material of 
much coarser gram and less plastic in pm 
perties, than slaking in an excess of w ater to s 
putty. Dry hj drat^limemast bo distmguished 
from ground quicklime, which, when made by 
grinding a high calcium lime, may be dangerous 
to transport or atore, owing to risk of fire from 
accidental access of moisture. 

Properties and Use. 

Type Iv lUyh Calcium . — These limes arc 
slaking, with large evolution of heat, and afford 
a high “ volume yield ” (volume of lime putty of 
a certain fixed consistence per umt weight of 
quicklime taken). They are usually “ plastic 
in the plasterer’s sense, the Mountam type 
mote so than the Cretaceous. Being non- 
hydraulic, “ setting ” of a high calcium hme 
mortar or plaster is by drymg only. 
when contmuously moist such hmes neiet 
“ set,” so that they are unsuitable for use m 
damp situations. Any hardening is by a slo*' 
process of absorption of atmospheric carbon 
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dioxide, -which penetrates extremely slowly into 
the mass and depends on a favourable degree of 
moisture as well as on free access of air. Under 
favourable conditions, in time a considerable 
degree of strength can be attained, and in their 
own districts high calcium limes will be preferred 
to any other for building purposes, and even used 
in preference to Portland cement mortar in high 
walls. 

Por “ chemical ” uses the high calcium lime 
will almost always be preferred. 

Type 2. Moderately Hydraulic . — ^These com- 
prise mainly the “ greystone ” limes of the 
Thames basin. They are generally quick- 
slaking, and give a fair “ volume-yield ” of 
putty and a workability comparable with that 
of a -white chalk lime. As usually employed 
for plastering in the south of England, they are 
run to putty and stored in this condition for 
some weeks before use, in -\vhich case a large 
proportion of the hydraulicity has naturally 
vanished by the time they are used ; but if 
used as soon as may be safe and practicable 
after slaking, or as a dry hydrated product 
which is merely mixed -with water and employed 
like cement without delay, they exhibit a very 
useful degree of hydraulicity, setting out of 
contact with air and in a damp situation. The 
set is stow, three months being required for 
the development of a large proportion of the 
ultimate strength. 

Type 3, Eminently Hydraulic . — ^The British 
eminently hydraulic limes vary widely in 
properties, and require correspondingly different 
treatments when employed for their principal 
purpose, namely as mortar Umes for building. 
Unlike the corresponding products on the 
Continent, they are usually marketed in an 
unslaked condition, often as “ ground lime,” 
and any further preparation for use has to be 
made on the building site, often by unskilled 
labour. Such slaking as is carried out here on 
the site is only a crude version of the highly 
developed processes employed on the Continent 
for preparing their eminently hydraulic limes, 
viz., alternate crushing, watering, storage in 
silos or huge piles, sifting, light crushing, etc., 
etc. By the latter named methods two or three 
products, of varying degree of hydraulicity, are 
prepared from the same material, all non-expan- 
sivo and sound, and the slow-slaking 
" grappiers ” are separated. 

Type 3 (a), Liassic, may bo rapid-slaldng 
(almost explosively so in fine powder form) and 
showing a large expansion in the process. Some 
varieties can bo slaked to a putty, but the 
usual method is to dry hydrate the lump quick- 
lime in a large pile, cover with sand and leave 
for 24-48 hours to heat up and steam before 
mixing with more water and sand for use. 

. Types 3 (6) and 3 (c) may contain so little free 
limo^ that they will bo described as “ non- 
slaking,” and are then used (as ground quick- 
lime) just as if they were Portland cement: 
any expansion must take place before the mortar 
has hardened if trouble is to be avoided. 
Some show a flash set, due to the rapid adsorp- 
tion of the mixing water by the unslaked lime. 
Eminently hydraulic limes, in general, usually 
harden somewhat more rapidly than the 
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moderately hydraulic, type 2, but more slowly 
than Portland cement. 

Type 4. Magnesian . — The British magnesian 
limes are slow-slaking, and generally not all of 
the magnesium oxide present will hydrate to 
magnesium hydroxide, Mg(OH) 2 , under con- 
ditions adequate completely to hydrate the 
lime : accordingly there is a danger that unless 
very thoroughly slaked they may contain slow- 
slaking particles which will slowly expand (by 
slaking) in the finished work, and produce 
symptoms of unsoundness. They are employed 
mainly as mortar limes, and are, quite justly, 
greatly valued as such in their own territory, 
where the knowledge of their correct treatment 
is traditional. For mortar they are preferably 
slaked as type 3 (o) above. A. D. C. 

IV. Magnesium Oxychloeide Cement. 

Magnesium oxychloride cement (“ magnesian 
cement ”) was first described by Sorel ^ in 
1867. The commercial applications of the 
material -were soon realised and it is now widely 
used as a building material, chiefly in the 
manufacture of patent “ composition ” floors 
and wall-coverings 

When magnesium oxide, prepared by calcining 
the carbonate at a moderate temperature (about 
700°C. to 1,000°C.), is made into a paste with 
a strong solution of magnesium chloride, the 
mass sets forming a hard, strong cement. 
The reaction has been the subject of many 
investigations, and it is now generally accepted 
that the setting of the cement is due to the 
formation of hydrated magnesium oxychloride, 
although the exact composition of the latter is 
still somewhat uncertain. 

Bender, 2 examining the set cement after it 
had been exposed for 6 months in the air, 
found it to consist of a mixture of IVIgCOj 
with 5IVlgO,MgCl2,17H20. By prolonged 
treatment with water the whole of the magnesium 
chloride was extracted, leaving a compact, 
hard residue of 2Mg0,3H20. 

Kallauner ® advanced the view that the 
cement is a solid solution and not a definite 
compound. 

Lukens ‘ studied the reaction between MgClj 
solutions and MgO obtained by igniting 
Mg(OH )2 and found that the oxide dissolves in 
the solution of the chloride with subsequent 
precipitation of a compound corresponding to the 
formula 6Mg0'MgCl2,a:H20. This com- 
pound, on continued treatment -with magnesium 
chloride solution of specific gravity greater than 
1-16, is converted into 3Mg0-MgCl2-7H20. 

Bury and Da-vdes ° studied the system 
MgO— MgClj— water, previously investigated 
by Robinson and Waggaman ® and Maeda and 
Yamane.’ At the solid phase co- 

existing with dilute solutions of the chloride was 
found to be Mg(OH) 2 . Gels were formed at 
25°C. -R-hen the concentration of MgClj— HjO 
was 9-7% or more. The nearest formula for the 
oxychloride was 10IVIgO-3MgCl2,35H2O or 
3MgO'MgCl2,1 1 H 2 O. The latter was only 
stable in contact with solutions containing 
10-9% or more of MgClj, and was not formed 
spontaneously on either MgO or MgiOHjj 
by solutions containing less than 13% MgClj. 
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A tMjical pure maKnesium cement, contaiamg of the cement it will produce, t g. the jettia? 
no filler, was found to contain 43% MgO. 12% time, strength, and volume constancy. It a 
MeCI 'and45%H,0 In a cement containing imjwrtant for a flooring contractor to be sure of 
fiUers M used'm practice the pro^ion of obtammg suppbes of magnesite of constant 
MgCI, would be higher At 25'C. the cement properties. 

is composed of three phases, hydrojide, o^- A useful characteristic of magnesium oiy 
chloride, and a 10 9°^, aolution of MgCI, The chloride cement is its strong cementitious action 
latter hciuid constitutes 10-14% of the mass; towards fibrous organic fillers such as sawdust, 
thus, although the set cement is hard, it must be as well as sand _and_ other inorganic aggregates, 
porous. The cement is unstable when exposed TbcactionismaintamedeTenwbeiithemagnesia 
to the atmosphere, the Mg(OH), becomes is diluted with several times its own volume of 
carbonated, and the 10 9% solution of MgCI, filler The fillers most commonly employed m 
will adsorb moisture if the atmospheric humidity practice are sawdust, wood flour, and asbestos 
exceeds 93%. Adsorption of moisture deoom- fibre together with a smaller proportion of finer 
poses the oxychloride, ultimately converting the material such as tale, ground silica, or barytes 
cement into Mg(OH), and a dilute solution of The composition of mixes can be varied widely 
MgCI, In practice, dismtegraUon from this according to the type of product required, 
cause 13 reduced as the result of carbonation. Floors and wall-coverings are often laid in two 
and also by the customary treatment of the coats, the first containing a high proportion of 
surface with oil or wax coarse fibrous fillers (tg. 3 to 4 volumes of 

Chaasevent* found that the tetting of mag sawdust to 1 volume of magtvesial, while tie 
nesium oxychlonde cement consists essentially finishing coat is made up with finer material 
in the precipitation of a supersaturated solution (e g. 2J volumes of wood flour and a Lttle talc 
of magnesia in magnesium chloride solution or asbeetos fibre to 1 volume of magnesia) to 
The total quantity of MgO dissoKed before facditate the production of ft dense, hard, 
aettmg commences is dependent upon the polished finish. Hard wearing factory floors are 
concentration of the MgCI, solution , after the eometimes made with inorganic fillers only, 
latter exceeds 10%, the rate of precipitation Mixes made with coarse and fine sand have bera 
increaaesrapidly and becomes very marked when used for external atucco work in the U.SA.* 
the concentration ts higher than 30?o Those Similar hard aggregates are used in preparing 
solntions which yield the greatest amount of pre cast flooring tJes, table-tops. etc. 
Bupersaturation are tbo«e which lead to the The most suitable pigments are those of tbe 
earbest development of high compressive permanent type, such as the earth colours and 
strength. Magnesium hydroxide dissolves only chromic oxide. 

very slowly m MgCI, solutions, and Ihi Both pigments and fillets should be Inert 
accounts for Its slow setting and feeble hardening towards the active ingredients of the cement, 
Free bme, which IS present to varying extents they should contain no free bme, and their 
in commercial samples of magnesia, may exert content of water-soluble matter should be 
a deletenous effect on the cement, causing low. 

expansion and weakemag The macnesium chloride solittion used for 

Other chlorides, < y CaCI,and FeCI,.canbe “ gaogmg " the dry ingredients of the mixtore u 
substituted for MgCI, and under suitable prepared by dissolving the commercial “ fused 
conditions are capable of gmng strong cements. lump ” or flakes in water. The strong solation 
Dolomite, calcined below tbe dissocution is dduted to the requisite sjiecific gravity, this 
temperatureof CaCOj, canformstrong cements being usually quoted on the Baumi or the 
with either MgCI, or CaCI, »» Canadian Twaddell scale. Some latitude is permissible m 
magnesitic dolomite has been used successfully the strength of the solution, but 20" to 23"B8 
m producing magnesia enitabfe for ffoonng (ep. gr. 1-16 to 1-19) is suitable for most miref. 
work.** The mixture is “ gauged ” with the minimum 

Magnesia of the type used in the manufacture amount of solution necessary to produce a wors- 

of the cement is described as ‘‘caustic” or mg consistence, avoiding any excess, smee this u 

“ plastic ” magnesia, in distinction from the bable to prove deleterious to the product 
“dead burnt” magnesia (relatndy inert Tbe background on which the cement is to 
towards MgCI,) which is used for refractones be lai«' is first moistened and the mass then 
and other purposes. placed thereon and compacted thoroughly. 

The caustic magnesia used m England is The setting-time varies considerably witn 
obtamed chiefly from Grecian and Indian different mixes and conditions, hut setting is 
magnesites; m these, the content of calcium usually complete within 24 hours. When the 
and iron compounds and other impurities is finislimg coat has b^n laid, a smooth surface 
usually low. The chemical punty of a sample, is produced by scraping, trowelling, washing 
however, is not in itself a criterion of the with a weak solution of the chlonde, ana 
suitabibty of the material for use in cement scrobbing with fine steel wool. The surface 

work, since the actne properties are largely when hard and dry is finally treated with oil or 

controlled by vanous factors in the calcination wax. 

process, and by the fineness of grmding of the Certain precautions are necessary 
product.** They may also he affected by oxychlonda cement in buildings. The cmonce 
subsequent exposure of the magnesia to air. *». *» solution is hable to cause corrosion m iron sm 
I t is necessary, therefore, in selecting a sample steel work ; hence the latter must be protected- 
of caustic magnesia, to take into account not Iron pipes passing directly through the c*®®, 
onlyitschemiealanalysis.butalsothepopertics should be carried through sleeves. Structorsi 
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Eteel, service pipes, conduits, etc., lying beneath 
the cement should be coated with a protective 
paint. Cases have been known in which 
chloride, finding its way through porous or 
cracked concrete, and so into contact with 
unprotected steel joists, has caused extensive 
damage. 

It is necessary to prevent the adsorption of 
chloride by neighbouring floors and walls, 
since it is likely to give rise to permanently 
damp patches. Plaster-work adjacent to oxy- 
chloride cement work should be insulated by 
means of fillets. 

The possibility of subsequent movement and 
cracking of the cement will be minimised if the 
surface of the background is well roughened so 
as to provide an adequate “ key.” When 
roughening is impracticable, as in the case of 
wooden or steel sub-floors, some form of artificial 
anchorage should be provided. When the 
cement is laid over large areas, it is advisable to 
provide one or more “expansion” joints. 

In its chief use, i.e. as a flooring material, 
magnesium oxychloride cement possesses advan- 
tages in respect of appearance, warmth, light- 
ness, and resilience, combined with high 
strength. During recent years there appears 
to have been some lack of care and discrimina- 
tion in the use of the material in certain cases, 
and troubles due to cracking, swelling, or 
“ sweating ” of floors, and corrosion of steel- 
work have sometimes been experienced. Where 
proper control is exercised in the processes of 
manufacture and laying, such defects should not 
occur. 

West, Sebastian, and Darrow give a BibUo- 
graphy of Magnesian Cements comprising 211 
classified references. 
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V. Natural Stones. 

Many varieties of rock have been used as 
building stone. Domestic and ecclesiastical 
buildings frequently reflect the nature of the 
country rocks, but where supplies of suitable 
materials were lacking, stone was carried long 
distances even in early times. With modem 
transport facilities choice can be founded on 
suitability, resthetic considerations, or fashion 
rather than on accessibility. 

Building stones can be broadly classified as ; 

(a) Granites. 

(b) Limestones. 

(c) Marbles. 

(d) Sandstones and grits. 

(e) Slates. 

Details regarding individual varieties may be 
found in the works of Watson and others, cited 
below. 

Granites are rocks of igneous origin consisting 
of dense aggregates of interlocking crystals of 
quartz and various silicate minerals (felspar, 
micAj hornblende, augite, etc.). A wide range 
of textures and colours is available. The many 
other varieties of igneous rock recognised and 
classified by geologists are not so widely distri- 
buted as the granites and, except locally, they 
are less commonly used for building. An 
exception is the iridescent augite-sy’enite from 
the Laurvik district of Nora-ay, familiar in 
Great Britain as dark, light, or emerald pearl. 
In commerce the term “ granite ” is often 
incorrectly applied to any type of igneous rook, 
and even to hard rocks not of igneous origin. 
“ Mendip Granite,” for instance, and the “ Petit 
Granit ” of Belgium are both limestones. 

Limestones and marbles consist essentially of 
crystalline calcium carbonate, usually in the 
form of calcite. Magnesium carbonate com- 
monly occurs in small amounts. In the 
magnesian limestones it occurs in more or less 
equimolecular proportions with calcium car- 
bonate. Limestones are sedimentary rocks. 
Strictly, a marble is the product of meta- 
morphism of a limestone, but in commerce any 
limestone that will take a polish is commonly 
described as marble. Many varieties of struc- 
ture are met with among limestones. They 
may be hard, dense rocks like those commonly 
met with in England in the Carboniferous and 
Devonian deposits or they may* be relatively 
soft and porous like those of the Jurassic and 
Cretaceous deposits. In Great Britain the 
Jurassic rocks have furnished the more widely 
used varieties of limestone. Their essential 
qualities depend on physical structure rather , 
than on chemical composition. 

Sandstones and grits consist essentially of 
grains of quartz, with felspar, mica, and other 
mineral residues from the igneous rocks of which 
they are the sedimentaiy degradation products. 
The term “ gnt ” is applied to the coarser 
varieties of sandstone. The mineral grains may 
be angular or more or less rounded. They* are 
generally* united with a cementitious material 
which may be siliceous, ferruginous, calcareous, 
or aigillaceous in character. The grains may 
be relatively sparsely scattered in the secondary 
cement, or they may be closely packed, with but 
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amall amounts of intergranular materiaL In 
the rare deposits of “ flesuble sandstone ” found 
in India and Brazil there is no cementitions 
binding material ; the cohesion of the rock 
depends on an interloclcing of the individual 
grains. 

Slate is a metamorphio rock. Its essential 
character is that it can be split m a direction 
which is independent of the bedding of the fine- 
grained sedimentary strata from which it 
ongmated. Numerous minerals are usually 
recognisable j some, original grams present in 
the parent rock ; some, secondary products of 
metamorphism. The fissile character of slate 
is due to an orientation of tabular minerals 
such as mica in planes perpendicular to the 
direction of the earth pressure which con- 
tnbuted to its formation A few varieties of 
fissile sedimentary rock, which are not true 
slates because they cannot be spLt except along 
the bedding planes, have been used as roofing 
materials. Examples are the atone tiles of 
Stonesfield and Collyweston. 

Flint, serpentine, soapstone, or potstone, 
latente, and other miscellaneous rocks have 
been used locally as building stone. Each of 
these is considered under its respective heading. 

The structures of building atones can bo 
conveniently studied m thin section under the 
microscope. Impregnation with synthetic reams 
facilitates the preparation of sections of soft and 
fnable matenab, and if the resin is suitably 
coloured the method is of assistance in the study 
and classification of structures. 

Causes of Decay. 

There is abundant evidence m old buildings 
that good stone, properly used, IS a very durable 
material. But, like the rocks m nature, building 
stones are subject to the action of agents of 
weathering and decay. The causes of weather- 
mg are many No one agent can be made the 
scapegoat for all decay. Broadly speaking, it 
may be said that coarse-textured igneous 
rocks are detrimentally aflected by temperslnre 
changes ; that calcareous materials are suscept- 
ible m varying degrees to attack by water cany- 
ing in solution carbon dioxide and acid sulphur 
gases derived from coal smoke ; and that all 
porous stones are more or less readily damaged 
by soluble salts. Stone may also become 
seriously decayed by faulty handling, by ill- 
judged choice or association of materials, or by 
ill-advised methods of treatment ; such technical 
errors which may bring a good stone into dis 
repute, may, however, bo avoided. 

Because the mmerals present have different 
coefficients of expansion repeated alternations of 
temperature cause a loosenmg of the structure 
of gramtes and similar rocks, and, in time, 
possibly by the action of frost on the fissured 
material, the exposed surfaces become very 
friable. A temperature effect of a grosser kmd, 
which may affect any type of building stone, is 
the severe cracking and spalling that occura if 
long lengths of masonry are fixed without expan- 
sion joints between massive abutments. Frost, 
another thermal agent, is only effective in the 
presence of moisture. Except with sigiDaceons 
materials and with those porous materials which ' 


by virtue of their stiuctural charactcristicj 
become very highly saturated by ram, frost 13 
believed to be a relatively unimportant primary 
cause of decay in Great Britain, though it may 
often have some contributory effect when the 
stone has been weakened by other causes. 
Measurement of the saturation coefficient 
water absorption by volumeX 

ratio ; 1, 

total porosity / 

a term due to Hirschwald, is a useful entenon 
of frost resistance. But even stones with high 
saturation coefficients are seldom eeriousl; 
affected by frost except in copings and similarly 
exposed situations, hleasurement of the satura- 
tion coefficient of porous limestones often affords 
an indication of general durability, but this 
does not imply that frost is always a major 
cause of decay. The reason is that both dura- 
bihty and saturation coefficient are dependent 
on structure. 

Pollution of the atmosphere by coal smoke- 
much of it of domestic origin — is responsible 
for disfiguration by soot deposits, and decay due 
to the chemical action of acid sulphur gases 
forming calcium and magnesium sulphates m 
hmestones and other calcareous materials 
Pollution products are widely distributed by 
clouds and wind, and their effects are often 
apparent in districts far removed from centresof 
population. 

^ntamination by soluble salts other than 
those formed by atmospheric agencies is s 
common and avoidable cause of decay. Alkali 
salts alw cause staining of limestones. Soluble 
salts may originate in various sources mclndisg 
the soil, bnck and concrete backing materials, 
jointing materials, and chemical cleaning agents 
Decay of Lmestone frequently follows contact 
with sea water, but although the air of seaside 
towns contains appreciable amounts of chlonaM 
the condition of ancient buildings on the coast 
demonstrates that chlorides are not adsorbed 
from the BIT in sufficient quantities to exercise 
seriously detrimental effects Soluble salts 
frequently appear on the surface as efflorescent 
deposits the composition of which vanes oon- 
aiderably according to their origin. Sulphates 
and carbonates of sodium, and magnesium 
sulphate, commonly occur. Contrary to cotomoD 
behef calcium sulphate is rarely a major con- 
stituent of efflorescences. 

Contamination with soluble salts may cause 
very serious disfiguration and ruin stone of the 
highest quality. Every effort should be made 
to avoid it. Soil moisture and salts may be 
adsorbed through ineffective damp proof 
Paving is sometimes laid above the level of tne 
damp-proof course; splashing may intrMuee 
salts above the damp proof course. For these 
reasons the use of granite of good ^ 

base courses has much to recommend it. " 
masonry is laid in contact with brick backing 
it is an advantage to apply a bituminous pain 
to the back of the stone; a slurry 
cement is useless for the purpose. It w a^ 
desirable with permeable stones to » 
cornices and string courses with lead 
to prevent excessive penetration of rain wa 
to the backing materials. Marble limngs sbo 



BUILDING MATERIALS. 


139 


be fixed with plaster of Paris. Portland cement 
and Keene’s cement provide soluble salts and 
should not be used. As a further precaution to 
avoid contamination from the hacking materials, 
the hack of the marble, including the dowel 
holes, should he treated with shellac. The 
use of alkalis or other chemical agents for 
cleaning stone should he avoided as such use 
is a common cause of salt contamination. 

In the presence of calcium sulphate or other 
soluble salts the use of dense mortars which 
limit evaporation through the joints may 
accentuate decay in the adjacent stone. Ancient 
buildings have often been damaged by in- 
judicious repointing. Mortars rich in Portland 
cement should be avoided and the mortar should 
not be excessively trowelled ; a brushed finish is 
preferable. 

Lichens occasionally cause pitting of the stone 
surfaces on which they grow, hut their action is 
seldom important. They are not found where 
the atmosphere is heavily polluted by coal 
smoke. Ivy is detrimental particularly to 
ruined structures where the aerial roots can gain 
foothold in the joints. In spite of prolonged 
researches no convincing evidence has yet been 
adduced to show that micro-organisms play 
any significant part as causative agents of decay. 

Choice and Testing of Building Stone. 

Custom,ready avaUahilityin the sizes required, 
and cost are often controlling factors in the 
choice of building stone. Questions of colour, 
texture and ease of working need consideration. 
Durability is generally important. Often in 
stone selected for carving, durability is sacrificed 
for uniformity and appearance. Wide varia- 
tions in quality are found within each group of 
materials. Different strata in a quarry may 
have widely different properties, and the 
quarryraan’s claims to be able to differentiate 
between good stone and bad are not always 
substantiated by events. The examination of 
existing buildings often provides valuable 
information as a guide in selection of stone, but 
the information so obtained can often be usefully 
supplemented by the appUcation of laboratory 
tests. The quality of a stone can be assessed 
by means of relatively simple tests, the nature of 
which depends upon the character of the stone. 
Crushing strength is not a criterion of quality. 
Chemical analysis affords little help. Micro- 
scopical examination is useful, particularly in 
classifying different types of structure, but 
further practical tests are usually required. 
Simple acid immersion tests, crystallisation 
tests, and tests depending on measurements of 
the capillary characteristics of porous materials 
arc valuable. With all tests of this kind it is 
essential that an adequate range of information 
on samples of known quahty from buildings 
should bo available as a basis for interpretation. 
When small quantities of stone are required for 
monumental purposes it is practicable to test 
each block. Eor work on a larger scale the 
most satisfactory procedure is to sample the 
quarry S 3 'stematically. Tests can then be 
applied to ascertain what range of quality is 
likclj’ to be encountered. The most dmrable 
seams may then be located and visible charac- 


teristics of the stone of good and inferior 
quality may sometimes he noted to serve as a 
guide in selection. 

Restoration, Preservation and Cleaning. 

The restoration of old masonry can be carried 
out by replacement with new stone or by 
rebuilding defective parts with a plastic material. 
If new stone is used it is important to choose 
material of a similar kind to that in the building : 
limestone should be repaired with limestone, 
sandstone with sandstone. Magnesian lime- 
stones present special difficulties owing to the 
formation of highly soluble magnesium sulphate 
on weathering. The execution of plastic repairs 
is a skilled operation. Work of this character 
should either be placed in the hands of a special- 
ist firm or should be carried out under experi- 
enced supervision. It is very important 
that the repairs should he securely keyed into 
the stone by undercutting, and, where necessary, 
by provision of dowels of non-corrosive metal. 
“ Feather-edging ” should he avoided. Further- 
more, plastic repairs should he substantial : the 
application of thin renderings over slightly 
eroded stone is a misuse of the method of repair 
and is never satisfactory. 

Various materials have been employed as 
“ stone preservatives ” with the object of water- 
proofing or hardening the stone, but in general 
the results, extending over the past 75 years, 
have been disappointing. It cannot be too 
forcibly stated that good stone does not need 
preservative. Recognition of this rule would 
save much unnecessary expense. A good oil 
paint applied to a surface in sound condition 
when the stone is suitably dry has very good 
protective properties, but it needs renewal 
every few years. The use of paint for this 
purpose is often objectionable on account of its 
appearance. The protective power of colourless 
stone preservatives is very definitely less than 
that of paint, and such materials need renewal 
even more frequently.* Their effect on appear- 
ance is apt to be objectionable and there is 
often a danger that ultimately the treated 
surface may flake off. Where decay is associated 
with the presence of efliorescent salts surface 
treatment of any kind is unquestionably useless. 

For the treatment of stone contaminated with 
soluble salts washing ^vith water to remove the 
salts is the only method that can safely be 
employed. Steps should first be taken to 
ascertain the origin of the salts and to take such 
measures as may be found necessary to remedy 
any defects that may be present. Excessive 
water penetration through copings, sills, string 
courses, and similar catchment surfaces, and 
adsorption of soil moisture through defective 
damp-proof courses are common causes of 
efflorescence that can be remedied. The 
surface should then be brushed to remove 
salts and loose particles, and, after removing 
any accumulation of debris from the foot of the 
wall, the surface should be washed with plenty 
of clean water. The brushing and washing need 
to be repeated as long as salts continue to re- 
appear as the stone dries. 

Periodical washing is a usefrd method of 
maintenance of stone buildings. Very dirty 
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buildings can be cleaned by acnibbing wthl 
bristle brushes assisted by a jet of water or I 
steam. Sometimes it is necessary to scour the | 
surface T>ith gritstone or carborundum, a 
practice s^hich is not necessarily harmful to 
the stone. The alleged development of a pro- 
tective skin due to the drying out of the quarry 
sap has little foundation m fact. The hard, 
discoloured skin which is usually present in 
sheltered places, especially on limestonee, 
consista largely of calcium sulphate and is not 
protective. 

With the exception that the use of ammonia 
IS permissible for the removal of green copper 
stains, chemicals should not be used for cleaning 
stone The use of acids or alkalis to facilitate 
cleaning commonly causes serious subsequent 
decay Reputable firms engaged in stone 
cleaning and restoration are prepared to 
guarantee that chemicals will not be used, and it 
13 inadMsable to employ any process for which 
the operators are not prepared to give this 
guarantee. Weather stains which cannot be 
removed by water or steam should be aUowed to 
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AND Concretes ‘ 

Portland Cement. 

This 13 by far the most important constrac 
tional cement and its world production exceeds 
70,000,000 tons per annum Its invention is 
usually attributed to Joseph Aspdm, of Leeds, 
who took out a patent m 1834. Isaac Johnson, 
however, claimed to have been the first 
to suggest firing at a sufficient temperature to 
produce vitrification The name was given to 
the material on account of some resemblance in 
colour of the set product to Portland stone 

Composition. 

Portland cement is composed of bme, silica, 
alumina, and feme oxide together with smaU 
amounts of magnesia, titania, and alkalis. A 
few per cent, of gypsum are also added during 
gnn^ng to control the set of the product. A 
typical analysis is as follows ; 


* In this section the word •'cement" is iwdtoin^ 
a calcareous compound employed in bulluing 
does not refer to adhesives such as glue 
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Appreciable variations from the above values 
may occur and the ranges which the various 
constituents may show are about : CaO 60-67%, 
SiOj 17-25%, AljOg 3-8%, FCjOj 2-6% 
(dropping as low as 0-5% in white Portland 
cement), MgO 0'l-5'5%, NajO+KgO, 0-5- 
1.5%, SO3 1-3%. 

The limits laid down by the British Standard 
Specification are as follows : The molecular 
ratio of lime (after deduction of the proportion 
necessary to combine with the sulphur trioxide 
present) to silica plus alumina shall not exceed 
3'0 nor he less than 2-0. This ratio 
CaO 

Si024" AI 2 O 3 

is called the British hydraulic modulus. The 
content of magnesia shall not exceed 4%, that 
of sulphur trioxide 2-75%, the ignition loss 3% 
(4% for hot climates). The content of matter 
insoluble in dilute acid shall not exceed 1-0%. 

Portland cement is formed by a clinkering 
process in which the raw materials are heated 
to a temperature such that only a portion, some 
20-30%, of the mix, is melted. Much work has 
been carried out to determine the nature of the 
compounds formed and the constitution is now 
fairly clear. Studies on the phase equilibria in 
the ' systems CaO-AljOg-SiOj (Raukin 
and Wright, Amer. J. Sci. 1915, 39, 1), CaO- 
AljOj-FCjOg (Hansen, Brownmiller, and 
Bogue, J. Amer. Chem. Soc. 1928, 50, 396), 
Ca0-Alj03-Si02-Fe203 (Lea and Parker, 
PhU. Trans. 1934 (A), 234, No. 231, 1 ; Lea, 
Cement, 1935, 8, 29), have sho^vn that the com- 
pounds formed from lime, alumina, silica, ferric 
oxide, in Portland cement clinker are I 
aCaOSiOj, 2Ca0Si02, aCaO-AljOj, 
4Ca0’Al203*Fe203, and sometimes 
6Ca0'3Al203. The magnesia is present in 
part, and perhaps entirely, as the free oxide. 
Little is definitely known of the mode of 
combination of the alkalis and titania. A cer- 
tain amount of glass may also be present owing 
to the failure of the liquid formed during 
clinkering to crystallise completely on cooling. 

Most cements contain a small amount of 
uncombined lime due to incomplete combina- 
tion in burning. The content may vary from 
0-5%. The larger proportion of this is usually 
converted to the hydroxide during grinding of 
the cement by combination with water derived 
from the added gypsum. The minerals which 
could be identified in Portland cement were 
formerly called alite, belite, celite, and felite 
before their composition was known. Alite is 
tricalciura silicate, belite and felite are both 
forms of dicaicium silicate, while the celite 
is probably to be identified as tetracalcium 
nluminoferrite. 

Triealcium silicate has all the essential cement- 
ing qualities of Portland cement. The ground 
material sets in a few hours and develops 
strength rapidly. Dicalcium silicate sets only 
ver3^ slowly over several days and docs not 
develop appreciable strengths until after 28 daj's. 
The strength progressive^ increases with age 
and after a j’car or more equals that of tri- 
calcium silicate. Tricalcium aluminate gives an 
almost instantaneous set with water and 


develops mueh heat. Addition of gypsum or 
lime retards the set somewhat. The compound 
4Ca0-Al203-Fe203 also sets rapidly, though 
less so than tricalcium aluminate. The extent 
to which these two compounds contribute to 
the strength of Portland cement is uncertain, 
but it seems that tri calcium aluminate ma}^ make 
a contribution to the strength developed over the 
first few days. 

When Portland cement reacts with water at 
ordinary temperatures the silicate compounds 
liberate calcium hydroxide and form a less basic 
hj'drated calcium silicate of formula a:Ca0'Si02 
aq. where the value of x is probably 1-5 or 2. 
Hydrated silicates of both these CaO : SiOj 
ratios exist. The tricalcium aluminate on 
hydration forms either a hydrated tricalcium or 
tetracalcium aluminate. The latter is formed 
by combination with the calcium hj'droxide 
liberated from the silicates. The hydrated 
tricalcium aluminate combines with the gypsum 
present to form calcium sulphoaluminate : 

3Ca0-Al203-|-Aq.=3Ca0-Al203. aq. 
3Ca0‘Al203. aq.-f- CaSO^.S H 2O-I- aq. 

^SCaO AIjOj-SCaSOi.SI HjO 
3Ca0-Al203-hCa(0H)2+12-5H20 

J4Ca0-Al203,13-5H20 

At least three difierent hydrated tricalcium 
aluminates exist : 

SCaO-AljOg.BHjO (cubic), 
SCaO'AljOs,! 2H2O (hexagonal), 
and 3Ca0-Al203,18H20 (probably ortho- 
rhombic). 

The compound 4Ca0-Al203-Fe203 possibly 
forms hydrated tricalcium aluminate and a 
hydrated mono-calcium ferrite, but other 
hydrated calcium ferrites exist and may be 
formed in set cement. 

The hydration of Portland cement is a surface 
action and proceeds only slowly into the 
interior of the individual grains. The depth 
of hydration is less than 10/i after six months, 

I and the coarser particles probably never hydrate 
completely. On regrinding an aged set cement 
the reground material will set and harden again 
owing to the unhydrated material present. 

Two alternative theories have been propounded 
to explain the setting of cement. The “ crystal- 
line ” theory of Le Chatelier attributes the 
hardening to the interlocking of crystals 
formed during hydration, as in the setting of 
plaster of Paris. In the “ colloidal ” theory of 
Michaelis it is considered that the hydration 
products of the silicates at least are formed as 
rigid gels, and the development of strength 
is due to the hardening of the gel. This theory 
appears the most satisfactory, since at ordinary 
temperatures the hydrated calcium silicates 
appear to be non- crystalline, and, further, 
certain physical properties of set cement are 
most readily explained on the gel theory. It is, 
however, often argued that the gel is really 
microcrystalline and that the two theories are 
not incompatible. 

Set cement when it dries for the first time 
undergoes an irreversible shrinkage and also 
shows an irreversible change in its vapour 
pressure — water content curve similar to that 
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shown by siLca gel. On subsequent cycles of 
wetting and drying there occurs & reTersibl© 
volume change which is less in magnitude than 
the first irreversible movement. 

The hydration of Portland cement is accom- 
panied by a marked heat evolution which 
causes a considerable nse m temperature in the 
interior of large concrete masses. The tn 
calcium alummate contributes most to this 
heat evolution, tricalcium sihcate next, and 
tetracalcium alummo-femte and dicalcium 
silicate the least. The heat evolution mostly 
occurs over the first seven days of hardening and 
vanes from about 40-90 g. cal. per g. at 7 days 
for different Portland cements. 

Manufacture. 

As would be anticipated from the composition 
of Portland cement it can be prepared fimm raw 
matenals of vanous sorts. Chalk, limestone or 
any other amtable form of calcium carbonate 
Ciifl Aff osutf as the siTcciw o/ !ntte, frbds 
alumina and sihca may be denved fr^ clays or 
shales. Matenals containing both calcareous 
and argillaceous constituents such as marls, 
argillaceous hmestones, and calcareous shales 
can similarly be used. Blast-furnace slag and 
alkah-waste are abo used, ilmar additions of 
ground sand are also sometimes mads when the 
eihca SiOj/RjO] ratio of the clay is low. 
In general the manufacture of Portland cement 
can be undertaken at any place where suitable 
deposits of raw materials occur and the cost of 
fuel a not too high. Cectam raw materials, 
however, because of ease of handling or of 
grinding and mixing, have advsntages. IIius 
the chaUt and nver mud of the Thames and Med- 
way, bemg soft matenals which were easily 
banned and mixed, attracted the cement 
industry to that district in the first instance. 
In the Umted States of America the industry 
waa first established m Pennsylvania where 
argiUaccons hmestones approximating in com- 
position to Portland cement, and requiring only 
email additions of hmestone to correct the 
composition, were available. With the greatly 
increased efficiency of modem grinding nulls, 
hard raw materials such as carboniferous lime- 
stones and bard shales can be bandied and 
properly mixed: matenals of these types are 
now used at many cement plants. 

The followmg are analyses of some of the raw 
matenab commonly employed : 

CAnll. 

Mobture . . . . .19 03 

Sand and claj 0 93 

Gombmed Bihca (SiOj). . . 043 
Ferric oxide-|-aluinina (FCjO, 

-fAljOs) 0 49 

Lime(CaO) * . . . . ,42 90 

Magnesia (MgO) . . . .042 

Carbon dioxide (COj) . . .34 16 
Alkalis, organic matter, and 

loss I 63 

100 00 

* Corresponding with ealcicm esrhonste (CiCO,> 
76 60 p c. 


Clay. 


Sand 

Combined sihca (SiOj) 
Alumma (AljOj) . 

Feme oxide (FCjOs) 

Lime (CaO) . . 
Magnesia (MgO) 

Sulphuric anhydnde (SO,) 
Combined water and loss . 


23 42 
30 32 
16 49 
7-74 
2 04 
19G 
196 


Limeslone, 

% 

Insoluble sihcious matter . .0 20 

Alumma-bfemc oxide (AI.O, 
-1-Fe,0,). ... 

Lime (CaO) . . . 

Magnesia (MgO) . 

Carbon dioxide (CO,) . 

Combined water and loss 


. 56 02 
. 0 24 
. 43 38 
. 0 18 

100 10 


Shah. 


% 

Sihca (SiO,) . . . .60 22 

Feme oiide-balumiDS {FcjO, 

-l-AIjO,) 27 20 

Lime (CaO) . . trace 

Magnesia (MgO) ■ - .162 

Carbon dioxide-l- water (CO,-!- 

H,0) 4 54 

Alkalis and loss . . . . 6 42 

100 00 


Silica (8iO,) 16-10 

Feme oxide-i-alumina (Fe.O, 

- • - • 7 30 

43-16 
034 
33 51 


+AljO,) , 

Lime (CaO) . . . 

Magnesia (MgO) 
Carbon dioxide (CO,) . 
Water, alkalis, and loss 


1-6! 

10000 


tVhatever the nature of the raw matenab tlis 
fitst step in the manufacture of Portland cement 
IS to secure their comminution and intimatt 
admixture. Tbb is of primary importance, 
since in burning cement the matenab are only 
clinkered and not fused and coarse particles 
fad to combine completely. The fineness to 
which the raw materiab are ground vanes from 
l'-10% residue on a 170 B.S. mesh sieve depena- 
iOg on the nature of the materiab to be mixed. 

There are two processes of manufacture 
fihown as the “ wet ” and the “ dry ” process 
Ih the wet process the raw materials are 
With water to a sluny containing from 35 to 60% 
Water and thb slurry b fed to the kilns. Slu^ 
filters are sometimes used, mainly m the U-®-" 
^d the resulting wet coke fed to the kiln. 1*^ 
wmtains from 20 to 30% water. In the dry 
process the raw materiab are dried, and ground 
tq a fine powder, and fed to the kiln 
ciindition. The wet process has- always been 
^voured in Great Britain, but the dry proceM 
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was formerly favoured in the United States of ' 
America and elsewhere. Certain raw materials 
such as chalk and clay are most easily treated 
by the wet process, but for rock materials the dry 
process offers some advantages. As, however, 
the wet process renders possible a more accurate 
control of the raw mix than the dry process it is 
now widely used for all types of raw materials. 

The procedure in the wet process varies with 
the nature of the raw materials. In the case of 
soft, wet materials such as chalk and clay the 
two substances are mixed in the required pro- 
portions into a w’ash mill, which is a large 
tank in which revolves a vertical spindle 
having radial arms from which hang harrows. 
Water is added to give the required fluidity to 
the slurry. The slurry passes through screens 
which retain stones and grit, and is then further 
ground by treatment in another wash mill with 
finer screens, in centrifugal screening miUs, or 
in a tube mill. The tube mill is a steel cylinder 
rotating on its axis and containing a charge of 
steel balls or cylinders, or other grinding 
media. It is often divided into several compart- 
ments containing balls of different sizes. The 
material to be ground enters at one end, passes 
down the cylinder and out at the other end. 


It is ground by the steel balls which are con- 
tinually raised up the periphery of the cylinder 
and continually drop back on to the materials 
being ground. After being ground the slurry is 
pumped to slurry basins or storage tanks in 
which both rotating arms and agitation by com- 
pressed air are used to keep the mixture homo- 
geneous. The composition of the slurry is 
checked by analysis and corrected by suitable 
blending with other tanks, or by adjustment of 
the charge being fed to the wash mills. 

Other methods of preparation of the slurry 
are used when dealing with harder raw materials. 
Such materials are crushed dry and then fed in 
the required proportions to a tube mill to which 
water is added in the amount required to form 
the slurry. 

The burning of Portland cement was formerly 
carried out in various forms of shaft and chamber 
kilns, but these have been superseded almost 
entirely by the rotary kiln (Pig. 1). This is a 
long steel cylinder rotating on its axis and 
slightly inclined so that the materials fed at the 
upper end travel slowly to the lower end. It is 
lined with refractory bricks, and is fired at the 
lower end with pulverised coal, or oil, or gas 
where economical to do so. The fuel is blown 



in from a jet by compressed air and the flame 
projected up the kiln somewhat like a blowpipe 
flame. Chains are often flxed inside the kiln at 
its cold end to lift the raw materials as the 
kiln rotates and so facilitate the interchange of 
heat from the hot gases. The raw mix is first 
dried ns it passes down the kiln ; it then enters a 
zone where decarbonation takes place and 
combination begins and finally reaches the 
clinkering zone, close to the firing end. Here the 
raw mix attains a temperature of 1,300°-1,500'’C. 
and combination is completed. The clinker 
issues from the kiln as small, dark, rounded 
particles varjdng in size from a pea to a walnut. 
After leaving the kiln the clinker passes into 
coolers. In older plants these consist of rotating 
steel cylinders arranged usually underneath the 
rotary kilns, but in most modern plants they 
form a composite part of the kiln. In such cases 
they consist of a series of cylindrical tubes 
parallel with the body of the kiln and arranged 
circumferentially around the outlet end of the 
kiln. Air is drawn through the coolers and then 
used for the combustion of the fuel, so leading to 
an economy in heat. In dry process plants 
steam boilers are often installed to utilise the 
waste heat from the exit gases. This is done in 


occasional instances also in wet process plants- 
The dimensions of rotary kilns vary from some 
150 ft. long and 9 ft. internal diameter in many 
dry process kilns to 200-300 ft. long and up to 
11 ft. diameter for most wet process kilns. 
Recently rotary kilns have been built with a 
length exceeding 500 ft. having an output 
approaching 4,000 tons per week. 

The clinker is carried by conveyors to the 
grinding mills or to storage piles. Grinding is 
usually carried out in tube mills to which the 
clinker is fed together with the amount of rock 
gypsum required to control the setting time of 
the cement. The ground cement is stored in 
silos from which it is fed to automatic packing 
machines. 

Testing Portland Cement. 

The quality of cement is ascertained by various 
mechanical tests and by its chemical com- 
position. The limits placed in the composition 
{see earlier) are such as to ensure that the 
material is, in fact, a Portland cement, and 
that the amounts of magnesia and sulphur 
trioxide present are not such as to endanger 
the quality of the product. Excessive contents 
of these constituents may cause the cement to 
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be unsound and concrete containing it to expand 
and disrupt after hardening The physical and 
mechanical tests laid down in the Bntiah 
Standard Specifications (1931) are as follows . 

Fintrteas . — ^The residue on a Entuh Standard 
mesh sieve 170x170 must not exceed 10%, 
and that on a 72 x 72 mesh 1%. 

Consistence Test. — The amount of water to be 
used m gauging the cement mortar for the tensile 
bnquettes, and the neat cement for the setting 
time and soundness teats, is obtained from a 
consistence test on the neat cement. The neat 
cement is gauged with water and the percentage 
found by trial such that a Vicat plunger (a 
cylmdneal rod, 300 g weight, 1 cm. diameter, 
with flat lower end) released at the surface of a 
mould filled to a depth of 40 mm. with cement 
paste penetrates to a pomt 5 to 7 mm. from 
the bottom of the mould The apparatus is 
that used for the setting time test with the 
substitution of the plunger of 1 cm. diameter for 
the needle The percentage of water (P) to be 
used in gaugmg neat cement to a paste of normal 
consistency is defined as 0 78 times that 
obtamed m the above test, pastes of normal 
consistency arc used for settmg time and 
soundness testa. The percentage of water to be 
used in the strength tests on 1 . 3 cement sand 
mortars is determined by the formula JP-f 2 50. 

SUttigih . — ^The strength ls determined by 
a tensile test on bnquettes, I eq m. cross 
section at the waist, made from a mortar 
composed of I part by weight of cement to 3 
parts standard eand (18~23 Bntish Standard 
mesh). After storing for 24 hours m moist 
air (68°-64^F , relative humidity not less than 
90%) the bnquettes are stored in water at 
The mean tensile strength of six 
bnquettesmustnot be less than 300 Ib. per sq.m, 
at 3 days after gaugmg, and at 7 days after 
gaugmg it most show an mcrease on the value at 
3 days and not be less than 375 lb. per eq. id. 
Strength tests on neat cement have now been 
abandoned except as an optional test, failure to 
pass which shall not involve rejection of the 
cement. 

Setting Time — The setting time of normal 
settmg cements shall not be less than 30 minutes 
for the mitial set nor more than 10 hours for 
final set. For quick*8etting cement the initial set 
shall not be less than 6 mmutes nor the final set 
more than 30 mmutes. The settmg time is de- 
termined with a Vieat needle apparatus. 

Soundness . — The soundness test is designed 
to ensure that the set cement shall not be subject 
to any expansion. In the form m which it is 
used this test detects the presence of dangerous 
amounts of free calcium oxide, the slow elalung 
of which may cause deferred expansion. The 
test is earned out by means of the Le Cbatelier 
apparatus (Fig. 2), which consists of a small 
split cylinder of spnng brass or other suitable 
metal 0 5 mm. thick forming a mould 30 mm. 
internal diameter and 30 mm. high. Two 
indicators, 165 mm. long, with pomted ends, are 
attached to either side of the split. The 
mould is placed on a small piece of glass and 
filled with neat cement paste of normal con* 
Gistency and covered with another glass plate 
and submerged in water at 58°-64®F. fcff 24 


hours. It is then boiled for 3 hours and tie 
alteration in the distance apart of the indicator 
pomts measured. The expansion must not 
exceed 10 mm. or, in the event of its failing to 
comply with this test, 6 mm. subsequent to 
aeration for 7 days The limit allowed is ao 
wide that cements rarely fail to pass the test. 

OrnzB Speciticatioks. — ^The specifications 
m use m Europe and America follow the same 
general lines though the tests differ in some 
respects. Compression tests on mortar cubes are 
in most cases preferred to the tensile strength 
test, and pat tests are, in several instances, 
used for determining soundness. 

Rapid Haiidesi>o Bortland Cnresr — 
The demand for cement which would attain a 
higher strength at early ages than normal 
Portland cements has led to the production 
of rapid-hardening Portland cements. These 
cements have similar setting times to the 
normal product, but develop strength more 
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rapidly. The method of manufacture is aimilsr 
to that of Portland cement, but the raw mstenals 
arc often ground more finely to ensure greater 
uniformity in the clmker and the lime content 
often raised slightly. The clmker is ground more 
finely and the finished cement shows on ao 
average about 1% residue on a 170 British 
Standard mesh sieve. 

Other Portland Cehbnts — ^White Portland 
cement is simiiar to normal Portland cem^ 
except m respect of colour. It is manufactuw 
from raw materials low in uon oxide. C^lonrw 
cements are made by the addition of pigmw® 
to the white or normal grey cement. Tn® 
pigments used are iron oxides and hydroxides, 
manganesedioxide, carbon blacks andchromio® 
oxide. Waterproofed cements are Portlan 
cements to which a small proportion of 
repellent substance such as calcium stearate 
been added with the intention of decreasing to* 
adsorption of concrete made from tbeffl- 
Natural Portland cement, the manufactye ® 
which has now almost ceased, was made J 
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burning marls, or other naturally occurring 
mixtures of calcareous and argillaceous materials, 
of a composition approximating to Portland 
cement, without control of the composition or 
preparation of the raw materials. Roman 
cement belonged to this class. 

Cements made from Blast-furnace Slag, 
In the air-cooled condition blast-furnace slag 
has little or no hydraulic properties, but if 
suddenly chilled from the molten condition by 
running into water, or by other means, a pro- 
duct having cementitious properties may be 
obtained from suitable slags. The process of 
rapid chilling is known as “ granulation,” and 
the product as “ granulated ” slag. In general, 
slags of high hme content are granulated for use 
in cements, but some slags of high alumina 
content, as the Cleveland slag, also have similar 
properties. 

Granulated slag only reacts with water 
relatively slowly and the addition of an activator 
is required to develop its latent cementitious 
properties. Lime, alkali sulphates, calcium 
and magnesium sulphates are activators. The 
theory of their action is not clearly understood. 
A mixture of hydrated lime and granulated 
slag, often with the addition of a small percentage 
of sulphate salts, forms what is kno^vn as a 
cold process slag cement. Though still produced 
in some European countries, manufacture in 
Great Britain has been abandoned in favour of 
Portland blast-furnace cement. 

Portland blast-furnace cement is made by grind- 
ing together Portland cement clinker and 
granulated slag with a small amount of gypsum 
to control the set. In this cement, on hydra- 
tion, the Portland cement portion liberates the 
calcium hydroxide required to activate the 
granulated slag. Both portions of the cement 
contribute to the hardening and development of 
strength. The British Standard Specification 
requires that the proportion of granulated slag 
in the cement shall not exceed 65%. In 
Germany two forms of blast-furnace cement are 
recognised, Eisen-Portland cement and Hochofen 
cement containing respectively 30% and 85% 
granulated slag as maxima. Typical analyses of 
a Scottish granulated slag used in Portland 
blast-furiiace cement and of a Portland blast- 
furnace cement are as follows : 



Granulated 

Slag. 

% 

Portland blast- 
furnace cement. 
% 

CaO .... 

47-0 

57-1 

SiO, .... 

33-0 

23-5 

AljO, . .. . . 

14-0 

8-6 

FeO 1 



FejOal • • • 

0-6 

2-3 

MnO . . . 

0-8 

0-4 

TiO 


0-2 

Mgc5 . . . 

3-2 

2-9 

Na„0 .... 


0-3 

KjO . . . . 

- 

0-6 

SO 3 . . . . 

_ 

1-6 

S (sulphidel . . 

1-4 

0-6 

Boss on ignition . 

— 

1-9 


Portland blast-furnace cement is similar in 
physical properties to Portland cement and 
the British Standard Specification covering it is 
identical with that for Portland cement apart 
from the clauses relating to composition and 
mode of manufacture. In composition Portland 
blast-furnace cement is required to conform to 
the following maximum limits : 

Ignition loss 3%, magnesia 5%, sulphur 
present as, and calculated as, sulphur trioxide 
2%, sulphur present as sulphide and calculated as 
sulphur l-2%. 

Apart from its use in Portland blast-furnace 
cement granulated slag is also sometimes used as 
a raw material for Portland cement manu- 
facture, replacing the clay and part of the 
limestone. The product obtained on bmming is 
a Portland cement differing in no way from that 
obtained from the usual raw materials. 

Pozzolanas and Pozzolanic Cements. 

Certain natural materials of volcanic origin 
and some artificial products have the property 
of combining with lime in the presence of water 
at ordinary temperatures to form cementitious 
compounds. Such materials are classed as 
natural or artificial pozzolanas. The natural 
pozzolanas are volcanic ash materials existing as 
incoherent tuffs or as semi-compacted or com- 
pacted rocks. The ash has in some cases suffered 
considerable chemical alteration subsequent to 
deposition owing to the action of superheated 
steam and carbon dioxide below the earth’s 
surface. The properties of pozzolanas were 
known to the Greeks and Romans and it is from 
the name of the place where one such material 
was obtained, Pozzuoli, near Naples, that the 
term pozzolana is derived. Natural pozzolanas 
at present widely used in Europe are the 
various Italian pozzolanas, Rhenish Trass, 
and Santorin Earth from the Grecian isle of 
Santorin. Other pozzolanas are Tosca obtained 
from Teneriffe, and Tetin from the Azores. The 
principal artificial pozzolanas are those produced 
by the burning of clays and shales at tempera- 
tures varying from 600° to 950°C. The burning 
temperature for optimum activity is rather 
critical. Crude burnt clay pozzolanas produced 
by burning clay in heaps have long been used in 
India and Egypt under the names Surkhi and 
Homra, while ground lightly burnt clay tiles 
were used for this purpose by the Romans. The 
composition of some pozzolanas is as follows : 



Rhenish 

Trass. 

% 

Italian Pozzo- 
lanas 

Burnt 

Clay 

Pozzo- 

lana. 

% 

Rome. Naples. 

0/ 0/ 

/o /o 

Loss on ignition . 

10-1 

6-2 

7-2 

1-3 

SiOj .... 

55-2 

46-6 

56-7 

60-2 

AI2O3 

16-4 

18-7 

16-9 

17-7 

h ©2^3 

4-6 

10-9 

6-3 

7-6 

TiOj.. . . . 

0-6 

— 

— 

1-2 

CaO .... 

2-6 

9-6 

3-6 

2-7 

MgO .... 

1-3 

30 

0'6 

2-5 

Kj ,0 . . . . 

4-3 

2-0 

4-1 

3-2 

NajO . . . 

6-0 

2-3 

2-9 

LO 

SO3 .... 

0-2 

— 

— 

2-6 
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Pozzolanas are used in mixtures both with 
lime and Portland, or Portland, blast-furnace, 
cement. In lime mortars they confer on non- 
hydraulic limes the property of setting under 
water. Such mixtures have been much used m 
Southern Europe for constructional work in 
sea-water, and also in Northern Europe as a 
general buildmg mortar. 

The setting of Portland cement results in the 
liberation of a considerable amount of calcium 
hydroxide which is capable of combining with a 
pozzolana. The addition of pozzolanas to 
Portland cement therefore increases the total 
amount of cementitious constituents prodoced 
and renders the set product more resistant to 
attack by sea water or certam other chemically 
destructive agencies. The use of trass for 
concretes in sea-water, and generally in inland 
water, has been common practice for many jeara 
in Germany and other European countries 
Formerly it was customary to add the trass, 
ground to about 30% residue on a 170 British 
Standard mesh sieve, as a separate ingiedient, 
along with the cement and aggregate to the 
concrete mixer It is now, however, preferred 
to premix the trass and cement and to grind the 
trass moro nearly to cement fineness. The pro 
portions of trass to cement recorumended are: 

High lime Poitland cement — OCO cement. 
0 34 trass 

Low lime Portland cement— 0 75 cement • 0 25 
trass, 

Portland blast furnace cement— 0 80 cement 
0 20 trass. 

Premixed and bagged pozzolanic cements 
containingPortland cement and a pozzolana are 
nosv marketed in various countries The 
pozzolana used in Great BnCain is burnt clay, 
in Germany trass, in France gaize (a beat- 
treated highly siliceous rock containing a 
proportion of clay), and in Italy the volcanic 
ash deposits which are sometimes beat treated to 
increase their activity. 

Aluminous Cement. 

Aluminous cement was first marketed com- 
mercially in 1918. It was develop^ as the result 
of the investigations of Bied in France into the 
production of cements more resistant than 
Portland cement to attack by natural waters 
containing high contents of sulphate salts. 
It 13 characterised not only by a very high 
degree of resistance to chemical attack, but aUo 
by V cry rapid hardeiung properties. The cost is 
about tw ice that of Portland cement, Alnminous 
cement is manufactured by fusing (occasionally 
liy sintering) a mixture of bauxite and bmestone 
in a reverberatory open hearth furnace, in an 
electric furnace, or occasionally in a rotary 
kdn. The bauxite must be fairly low* in sihca 
{i g. 5%) but a considerable content of ferric 
oxide 13 not objectionable. The reverberatory 
furnace, about 8 ft. wide and 12 ft. long excluding 
the stack, is fired witJi pulverised coat, the law 
materials being continuoudi charged in through 
the stack. Fusion takes place on the hearth at 
a temperature around I,ij0’-1,0(K) C. and the 
molten prcluct jwurs out continuously into 
moulds. Furnaec-, of thi dimensions mentioned 
produce about 30 tons of cement jiei dxv. 


The rate of cooling needs to be suitably adjnstej 
as it affects the rate of setting and hardening 
The cement is crushed and passed thiouffh 
magnetic separators to remov e metallic iron and 
then ground in tube nulls to a fineness of about 
10% on a 170 mesh. No additions are made 
during grmdmg. Electric furnaces are of the arc 
type and are only economical where electne 
pow er IS very cheap. The rotary kiln is used only 
in the United States of America. 

The composition of aluminous cements vanes 
more widely than that of Portland cement. 
Some typical analyses are as follows : 



% 

% 

% 

» 

SiO, .... 

5*1 

3-7 

S4 

70 

AI.6, , . , 

33-9 

419 

36 0 

36 3 

FftjOj . . . 

no 

120 

56 

40 

Feo ... 

5-8 

1*7 

10 3 

93 

T.o, . . 

1*7 

J-7 

22 

20 

CaO . 

36 6 

364 

38 8 

40 3 

MgO 

02 

1-4 

03 

— 

Na,0 

0*1 





_ 

KjO . . 

03 



— 

_ 

so, . . , 

02 

1*2 

00 

- 


09 9 

100 0 

99 8 

09 3 


In general the siLca is kept as low as the raw 
materials permit and it is preferred that the 
iron should be in the feme rather than the 
ferrous condition. The principal compoanda 
present in aluminous cement are one or more 
of the calcium aluminates CaO Al|0|, 
3CaO*5AI,0}, 6CaO 3ALO,. The silica u 
present as SCaO-SiO, or zCaO Al|0, Si0| 
(gehlemte). Ferric iron is probably preeent as a 
sobd solution, w hile ferrous iron may possibly be 
present in magnetite. Both the compounda 
CaO AJjO, and 3CaO 6AI,0, have excellent 
ramdbardening properties, but 5CaO 3Alj0jis 
inferior id this respect. Di-calcium silicate (aea 
earlier) is slow haidcning, but gehlemte f2CaO 
ALOj SiOg) has no hydraubc properties. 

On hydration in excess water the calcium 
aluminates in aluminous cement form alummi 
gel and crj’staUine hydrated dicalcium aluminate 
(2CaO AljOj.BHjO), but there is some 
evidence that w hen gauged with limited amounts 
of water as in actual use a hydrated mono- 
calcium alummate gel may be formed imtially. 
Physical and Mechanical Properties. 

The setting time of alummous cement » 
similar to that of Portland cement and is de- 
lermmed in the same manner. Soundness is 
commonly tested by the Le Chateber apparatus 
The tensile strength of alummous cement, as 
ascertained by tests on mortars similar to those 
used in the British Standard specification wf 
Portland cement, is somewhat misleading "hen 
conujarison is made with Portland reoswi 
The low water content (about 8% by weight o 
the mortar) specified in this form of I'y.. 
insufficient to hj drate the aluminous cement fuliy 

and the strength obtained bears alow er relation 

thatobtaincd m concrete than is the ease for l or 
land cement as indicated by the follow mg da 
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Compressive 
strength 
lb. per sq.in. 

1:2:4 
concrete at 

1 day. 

Tensile 
strength 
lb. per sq. in. 
1 : 3 B.S. 
mortar 
briquettes 
at 1 day. 

Aluminous Cement 

7,370 

540 

Rapid Hardening Port- 



' land Cement . . 

740 

350 


Tests on plastic mortars of higher water 
content give more comparable data. Aluminous 
cement develops strength very rapidly and 
approaches its maximum strength within one 
day, compared with seven days and upward for 
Portland cement. The heat evolution' is 
correspondingly rapid and averages about 75 
calories per gram of cement at one day. The 
strength of aluminous cement is seriously 
decreased by high temperatures and it is 
necessary to place aluminous cement concrete in 
small vertical lifts at intervals of say, a day, in 
order to avoid overheating of the concrete. 

Aluminous cement at normal temperatures 
has a very high resistance to attack by sulphate- 
bearing water, sea-water, and also by slightly 
acid waters such as obtain in moorland areas. 

Uses of Cement. 

Cements are used both in the form of mortar 
and of concrete. Mortars, which are mixtures of 
cement with sand, are used mainly as a bonding 
material in brickwork or masonry, or as a 
surface covering as in renderings and stucco. 
Plain cement mortar is more suitable for bedding 
engineering bricks than building bricks. For the 
latter, mortars made from hydraulic lime or 
high calcium lime mixed ■with a proportion of 
cement are to be preferred. In concrete the 
cement is used to bond together an aggregate 
consisting of sand and gravel, or other hard 
materials, into a solid mass. This forms by 
far the largest application of cement. Concrete 
is used for building work of all types, for massive 
engineering structures, for roads, and for 
numerous other purposes. F. M. L. 

In addition to its application in concrete used 
in si(u large quantities of cement are used in 
the manufacture of concrete products made in 
suitably equipped factories and transported to 
the budding site. 

Concrete Tiles are now made in large quantities 
and compete very closely with clay tiles in 
some districts. The tUes are made from a 
mixture of about one part of cement to three 
parts of graded sand which should be of good 
quality. A proportion of calcium chloride — 
about 2% of the weight of the cement — is often 
added in cold weather to accelerate the rate of 
sotting and hardening. British Standard Speci- 
fications exist for plain (No;473) and interlocking 
concrete tiles (No. 650) as well as for plain clay 
tiles (No. 402). Tiles of either material con- 
forming witli these specifications may be 
purchased with assurance of satisfactory service. 

As a result of the demand for colour in 
concrete tiles, large quantities of pigments are 
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consumed by the industry. Suitable pigments 
must be of high staining power, fast to light and 
lime, and not contain more than 2-5% of 
soluble sulphates. These requirements are met 
by the mineral oxides and hydroxides, Fe(OH) 3 , 
FejOg, MnOg, Fe 30 ,(, by chromium oxide and 
by carbon. 

ConcreleFlags, Kerbs, and Pipes are also largely 
used. Standards for their properties and limita- 
tions of the characteristics of the materials to be 
used are given in the appropriate British 
Standard Specifications Nos. 368, 340, and 656 
respectively. 

Precast Concrete Lightweight Partition Blocks 
(British Standard Specifications Nos. 492 and 728) 
are an important building material. F. L. B. 

Concrete has the property of high compressive 
strength, but a relatively low tensile strength. 
This deficiency of concrete is remedied in 
reinforced concrete in which mUd steel rods, 
bonded together by steel hooks and wire, are 
employed. The reinforcement is placed in such 
a position as to take the tensile stresses to 
which the reinforced concrete will be subject 
and the concrete poured rotmd it. On harden- 
ing, the cement adheres strongly to the steel 
reinforcement and the composite material is 
able to withstand both high tensile and com- 
pressive stresses. The principles of design of 
reinforced concrete are set out in “ Report of the 
Reinforced Concrete Structiures Committee of 
the Building Research Board ” (H.M. Stationery 
Office). This report describes the characteristics 
of good concrete aggregates and sets limits for 
certain impurities. The proportioning of 
aggregate and cement for concrete of various 
qualities is also dealt with and standard methods 
for testing the strength of concrete are described. 

The temperature coefficients of expansion of 
mild steel and concrete are very similar, this 
fact having an important bearing on the stability 
of reinforced concrete. The concrete covering 
the steel protects it from corrosion and this 
protection is enhanced by the alkaline medium 
formed in set cements by the hydration reaetions. 
If, however, the concrete covering is too thin, or 
becomes seriously cracked, corrosion of the 
reinforcement can occur, and the expansion 
accompanying this disrupts the concrete. Im- 
permeable concretes are required for reinforced 
concrete work and an adequate cover is par- 
ticularly necessary when the ‘material is to be 
exposed to sea-water or other natural or artificial 
destructive agencies. 

Although concrete made from Portland or 
other types of cements is on the whole a per- 
manent material, there are certain conditions 
under which serious deterioration and ultimate 
failure may occur. These are conditions where 
the concrete is exposed to chemical agents, 
aqueous or gaseous, which react with the 
cement. The hydration products of Portland 
cement are all decomposed by water and when, 
therefore, water is able to pass continuouslv 
through a concrete the lime is progressively- 
leached from the set cement compounds leaving 
eventually an incoherent mass. In practice 
good concrete has a very low permeability and no 
appreciable percolation occurs, unless the water 
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pressure js very bigh, and vith most waters any 
action 13 limited to a very thin surface skin. 

With hard waters a concrete which is imtially 
shghtly permeable often tends to seal up. 
Waters which are very pure, or slightly aad 
due to the presence of free (aggressive) carbon 
dioxide, have a more serious action. On even 
dense concretes the surface cement may become 
dissolved away to an appreciable depth and the 
aggregate left exposed. Aluminous cement w 
much more resistant and no appreciable surface 
action occurs. Natural groundwaters m some 
areas contain sulphate salts which have a 
destructive action on rortland cement concrete. 
Thus gypsum (calcium sulphate) and magnesium 
sulphate are found in Great Britain in some 
clays and sods while alkali sulphates occur m 
some countries abroad The latter sulphate salts 
react with the free calcium hydroxide in set 
Portland cement to form calcium sulphate, and 
with the hydrated calcium aluminatc to form 
calcium Bulphoaluminate. The formation of the 
latter compound is accompanied by a con- 
siderable expansion causing disruption of the 
concrete. Ammomum sulphate is particularly 
destructive in its action on Portland cement 
concrete. Pozzolanic cements and Portland 
blast furnace cement are more resistant to 
sulphate attack than Portland cement, whde 
aluminous cement concrete properly made is 
completely resistant. 

Sea-water, owug to its content of sulphate 
salts, acts chemically on Portland cement 
concrete, and concrete must be made very dense 
and impermeable to resist its action. The 
other cements previously mentioned are again 
more resutant toan Portfand cement to chemieal 
attack by sea water. 

Concrete u also attacked chemically by various 
agents encountered In mdastry. Vegetable 
Oils and fats, sugar solutions, particularly when 
hot, and various inorganic salts act in this way. 
With many of these substances, a greater 
resistance to attack may be obtained by the 
use of pozzolanic cements and alununous 
cement instead of Portland cement. Some gases 
also attack concrete m the presence of moisture. 
Thus sulphur dioxide has sometimes been a 
source of trouble in chimneys when the tempera- 
ture of the exit gases is sufficiently low for con 
densation to ocenr. In sewers the evolution of 
hydrogen sulphide from sewage, followed by its 
oxidation to sulphuric acid, may cause attack on 
mortar or concrete. There are many surface 
treatments, e g. with bitumen solutions, sibcates, 
fluosilicate, that are apphed to concrete to 
render it more resistant to chemical attack. 
The efficiency of these treatments varies very 
widely with their nature and the conditions to 
which they are exposed. 

Lightweight Concretes, 

Lightweight concretes represent a special 
form of concrete in which strength has been 
sacrificed in varymg degree to obtain Lghtness 
Dense concretes made with the usual heavy 
aggregates weigh about 140-150 lb. per cu. ft, 
the corresponding figures for hghtweight con- 
cretes being 40-100 lb. per cu. ft. One form of 
lightweight concrete which has been used to a 
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limited extent for the manufacture of precast 
units is made from sand oi other fine aggregate, 
and cement with the addition of a small pro’ 
portion of aluminium powder. Evolution of 
hvdrogen occurs as a result of reaction between 
the aluminium powder and the calcium hydroxide 
liberated in the setting of the cement The 
mass swells and sets in an expanded condition 
with a honeycomb structure. Other methods to 
obtain a limilar end have abo been employed 

The main form of lightweight concrete w 
that m which aggregates of h'ght weight such as 
pumice, foamed and granulated slag, expanded 
clay, coke breeze, and choker are used. Addi- 
tional reduction in weight is also obtained in 
cases where porosity is unimportant by omitting, 
or much reduemg, the proportion of mateml 
of sand fineness. Chnker and coke breeze ma^, 
unless carefully selected, result in expansion and 
nnsoundiiess of concrete made from them. The 
other hghtweight aggregates arc satisfactory in 
this respect. The shrinkage of lightweight 
concretes on drying is not infrequently a source 
of many minor troubles in building. It vanes 
much, however, with the different aggregates, 
and the best materials give concrete with 
shrinkage httic, if any, above that of normst 
heavy concretes. 

Lightweight concretes arc used for screedingi 
on floors and roofs, for precast partition slaM, 
fixing and waUing blocks, and also to some 
extent in filler joist floors and reinforced 
concrete floor slabs. Coke breeze and clinker 
ai« unsuitable for use m those cases in which 
the concrete is m contact with steel either ss 
reinforcing bars, floor joints, or structnrd 
steelwork, owing to the senous risk of corrosion. 
The strength of hghtweight concretes can be 
increased by suitable grading of the eggregste 
or the addition of sand as fine aggregate The 
weight IS increased at the same time. Light 
weight concretes have much better heat 
insulating properties than normal concretes 
but a low er resistance to transmission of sound. 
The presence of many air filled cavities is 
resjJODSible for the former, but it acts in the 
converse senso m respect of acoustic properties, 
since sound insulation increases with mass per 
unit surface area of the budding unit. 

Bibliography — F. M. Lea and C. H. Descb, 
“ Chemistry of Cement and Concrete,” Amoli 
1935; E. C. Eckel, "Cements, Limes, and 
Plaaters," John Wdey, 1928; for manu- 
facturing details, see A. C. Davis, “ Portland 
Cement,” Concrete Publications, 1934; Buflduig 
Research Bulletin No. 15, “Lightweight 
Concrete Aggregates ” ; No. 5, “ The Pn> 
perties of Breeze and Clinker Aggregates and 
Methods of Testing their Soundness ”; Building 
Research Special Report No. 15, " The Corrosion 
of Steel by Breeze and Chnker Concretes.” 

• F. M. L 

VII. Sand-Ldie Bricks. 

Sand hme bricks may be included among the 
more modem budding materials. They are 
manufactured by moulding a moist mixture oj 
sand and lime into the form of bricks, and 
hardenmg by exposure in autoclaves to high* 
pr^sure steam. 
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Tlie process was originally devised and 
patented in England by Van Derburgh (B.P. 
2470, 1860) and developed and patented in 
Germany by W. Michaelis (G.P. 14195, Kd. 80, 
1880). Only patents concerning details of 
machinery are now valid. 

Although commercial production began less 
than fifty years ago in Germany, these bricks 
are now widely used in many countries. The 
output in recent years has fluctuated with world 
economic conditions, but was stated to be about 

1.000. 000.000 in Germany in 1928, and 

320.000. 000 in the U.S.A. in 1927. In Great 
Britain, where, owing to the relative abundance 
of clays suitable for brick-making, the need for 
alternative materials has not- been so great, 
it is believed to be about 100 to 150 million at 
the present time (1935). 

The cost of production is such that when 
manufactured in a favourable locality the 
average quality sand-lime brick can generally 
be sold at prices competing with those of 
common clay brick. The better grades for 
facing work, or where unusually high strength is 
required, sell at prices above those of common 
clay brick but at much lower prices than good 
clay facing bricks. 

Manufacture. 

(o) Jtaw Materials . — The materials required 
are sand and either lump lime (quicklime) or 
hydrated lime (dry hydrate), according to the 
process used. 

The sand must be available at or near the site 
of the works, since it constitutes 90% or more 
of the brick ; the lime may be brought from 
a distance. The requirements of the sand are 
that it shall not contain an excessive amount of 
clay (i.e. not over 3-4%). Soluble salts, 
organic matter, or any mineral matter coating 
the sand grains are also objectionable. The size 
grading of the sand grains has important effects 
upon the quality and texture of the bricks. 

The lime used is generally of the high- calcium 
typo (either white chalk lime or mountain 
lime), but other types of lime can be used 
provided that the all-important criterion of 
“ soundness ” be satisfied. This requires that 
the lime shall be completely hydrated before use, 
if dry hydrate be used, or shall hydrate readily, 
and completely dming the drum- or silo- 
hydration processes when quicklime is used. 
If this condition is not fulfilled, further hydration 
occurs during the autoclaving process with 
resulting expansion, and the bricks are weakened 
and frequently burst. Such hydration and 
expansion is always completed in the autoclave 
and win not occur in bricks after use. Lime 
may readily be tested for any^ such unsoundness 
or liability to further hydration and expansion. 

The proportion of lime used is normally from 
5-8% (calculated as calcium oxide) of the weight 
of the brick. The water content of the mix 
before pressing is just sufficient for the mass to 
cohere if pressed together in the hand ; an excess 
of water must bo avoided. 

(b) Process. — ^Tho process of manufacture 
involves three stages : mixing, pressing, and 
hardening. The three principal variations in 
the process occur in the first stage. 


In (i) The Dry Hydrate Process dry hydrated 
lime is mixed with the sand and necessary water 
and the mix fed directly to the presses. 

In (ii) The Silo Process ground quicklime is 
mixed with the sand and a proportion of 
water slightly above that required for hydration, 
and the mir stored for about 24 hours in a silo, 
where complete hydration of the lime takes place. 
The material is then remixed with the water 
necessary for the correct consistence for pressing. 

In (iii) The Drum Hydration Process, also 
using quicklime, hydration is achieved by mixing 
the quicldime, sand, and water in a large rotating 
drum for 20 to 30 minutes. A steam pressure of 
up to 60 lb. per sq. in. supplied partly by the 
heat generated" by the hydration of the lime and 
partly by steam injection is maintained during 
the latter part of this period to accelerate the 
hydration. The mix is then discharged to a 
secondary mixer where any further water 
necessary is incorporated, and thence to the 
presses. 

Rotary table presses, which may have an 
output of up to 3,000 bricks per hour, are 
generaUy used for moulding the bricks. Very 
high moulding pressures are necessary and the 
presses have therefore to be very robust and the 
mould liners extremely hard. The pressures 
used vary considerably, and are adjusted 
to give a brick which can be handled from the 
press without damage. In experimental work 
bricks of maximum strength have been obtained 
with pressures of about 6 tons per sq. in. on the 
brick ; the pressures used in practice are probably 
well below this. 

Hardening is carried out in autoclaves 30 ft. 
to 70 ft. in length and 5 ft. 6 in. to 7 ft. in 
diameter. The bricks are loaded on to trucks 
directly from the presses, and the trueks run into 
the hardening chambers on rails. The duration 
of treatment and steam pressures used vary 
from 8 to 12 hours at 120 lb. per sq. in. to 4 to 6" 
hours at 200 lb. per sq. in. In general the longer 
times and higher pressures give bricks of better 
quality. 

The bricks may be used within a few hours 
of leaving the autoclaves. 

Properties. 

The characteristic properties of these bricks 
are accurate size and shape, white colour, and 
consequently good light-reflecting properties, 
and lack of any tendency to efflorescence. The 
compressive strength varies in bricks of different 
qualities from about 1,000 to 5,000 lb. per sq. in. 
and the transverse strength (modulus of rupture) 
from about 200 to 750 lb. per sq. in. (in both 
cases when tested in the wet state). The ratio 
of wet to dry strength varies but has an average 
value of about 0-65. On account of the 
possibility of a very low ratio, testing in the wet 
state is preferable. 

The durability of sand-lime bricks of good 
quality is satisfactory. Poor quality sand-lime 
bricks, badly made, or made from indifferent 
materials, are, however, unsuitable for exposed 
external work. 

The drying' shrinkage and moisture ihove- 
ments vary but are usually higher than with clay 
brick and of a similar order to those of cement 
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concrete. The resistance to fires of moderate 
Intensity appears to be satisfactory, judging from 
laboratory teats which have been made, Imt in 
more Intense fires some tests have shown good 
clay bncks to have some supenon ty ( R. Scbly ter, 
Statens Provningsanstalt, Meddelando GO, 
Stockholm, 1931). 

In other properties, including adhesion of 
mortar and plaster, thermal conductivity, and 
resistance to ram penetration, there is no 
outstanding difference from clay brick. 

Chemical Constitution. 

The hardening of sand-Lmo bncks in the 
autoclave is duo to the reaction of limo with 
sand with formation of a hydrated calcium 
silicate. The sihcate farmed is usually colloidal in 
nature and has not been dcfimtely isolated nor 
IS its composition knowm with any certainty 
(G. Gnme and G. E. Beascy, Trans. Ceram. Soc. 
1933, 82. 14-20) 

Free lime (calcium hydroxide) should not be 
present in appreciable quantities in a well 
made bnck ; it has no cementitious value and 
is probably deletcnous 

Atmospnene carbon dioxide slowly decomposes 
the sihcate with formation of calcium carbonate 
and hydrated sthca. This u m no way harmful 
to the bnck and it is, indeed, found that the 
bricks increase in strength with exposure through 
the occurrence of this reaction 

Use. 

Sand limb bncks arc uacd m building m the 
same way as clay bncks. It should, of course, 
ho remembered that bncks from different makers 
may vary m the same way as different clay 
bncks, and hence treatment in plaatenog, for 
example, may have to be modified slightly to 
suit any particular brand of bnck. 

Choice of these bncks should be guided by the 
Sntish Standard Specification (Ko 187. 1934) 
and by the appearance where they are to be used 
for facing. The specification desenbes three 
classed of bncks : 

I. Bncks for special purposes. 

H. Buildmg Bncks, class A. 

TH. TsuLcliflg'Bncks, class'll 

The first class should be used where very 
high strength is required, or where the bncks 
are to be used in very exposed positions (para* 
pets, sills, below damp course, etc.); clw A 
buildmg bricks are suitable for all general facing 
work and claas B buildmg bricks for intemaj 
work only. 

The tests included in the specification are for 
strength and chemical composition, A minimum 
silica content ensures that the bricks are made 
from silica and hme, whilst a maximum Lmit 
for free lime and a minimum limit for calcium 
oxide present as silicate ensure that the bricks 
hare l^n properly manufactured. 

EthliogTaphy. — G. E. Bessey, Building Re- 
search Speciid Report No. 21, H.3I. Stationery 
Office, London, 1934, pp. 1-62 ; W. E. Emley, 
U.S. Bureau of Standards Technical Paper Ko. 
85, Washington, 1917, pp. 1-41 ; A. B. Searle, 
“Bncks and Artificial Stones of Non plastic 
Materiab,” London, 1915, pp. 1-149 ; E. Lednc 


and C. dc la Roche, Conservatoire des Arts et 
Metiers, Bull. No. 13, Pans, 1908, pp. 1-122. 

0. e.’b 

BULBOCAPNINE. An alkaloid from 
tubers of Dicenlra canadennt and Corydalu 
eava. Bulbocapnino hydrochloride, a white 
crystalJmo powder, soluble in water. Anlupaj. 
modic. 

BULTFONTEINITE, 2Ca(OH,F} SiO. 
It occurs as pmk spherules of radiatmg triclmic 
needles os a secondary mineral In the Bolv 
fontein diamond mine at Kimberley, South 
Afnca. A portion of the Lme is extracted b; 
water and, after ignition, a further imallet 
portion is extracted; the formula b tberefon 
wnlten as 2Ca(OH),-2SiO,-Ca(OH).CaF, 
(c/. afwiUitc) (J. I’arrj', A. F. Williams, and 
F. E. Wright, SIui. Slag. 1932, 23, 145), 

L J. S. 

BUNTKUPFERER2 r. Borsitz. 

BUPLEUROL, 

Me,CH CH,-CH, CH, C(.CH,) CH,-CH,OH I 
Franccsconi and Sernagiotto (Atti K. Acesd. 
Lincci. 1013 (v). 22, I, 34, 148) separated 
from the essential oil obtained from the learn 
and fiowen of BupUurunt /ruelituum. L, a 
pnmary alcohol, bupUurot, Ci.HmO, hp. 
IW-eiO'/TCff mm, 0 8490. itp H50S, 
(aJn ±0®, pAenyluretAane, m p. 45*. On oxida- 
tion with chromic acid it gives an aldehyde, 
bupfeurol, temtearUuone, m.p. 135*. The eon- 
stitutiOD of tbo alcohol has not been determised ; 
Francesconi and Sernagiotto soggest the 
representation given above on the nooodi that 
the other mam constituent of the oil is | 
pbeUsndrrse. J. L. 8. 

BURKHEISER’S PROCESS r. Ax 
yosu. 

BURM ITE r. Axibeh or Secemrx. 

BURRSTONE or BUHRSTONE. A 
bard, tough rock consbting of chalcedonic sQio 
with a ccUular texture, eepccially snltahle for 
use as milbtoncs for grinding corn, paints, etc. 
It IS while, grey or creamy in colour. The best 
stones arc from the Tertiary itrata of the Pam 
basin, and have originated by the ailicificatioa 
of fresh-water Lmestones, the cellular spacti 
■ representing fhe casts of fossil s'hells anh'C’sWi 
seeds. L. J._S- 

BUSH SALT. A light-brown or greyish 
powder prepared by the natives of Ssonges by 
lixiviating the ashes of the sedge, Cypent^ 
ila^pan. L. ConUios 77-77% KCI, and 18 43 
KjSOf, with traces of sodium salts and orgamc 
matter (Lcnz,'£cr. dents. Pharm. Ges. 1911, 21, 
270). 

BUSZITE. Sihcate of the rare-eartb 
Nd, Pr, Er, and Eu. A single small ditrigonal 
bipyramidal crystal with yellowbh red colour 
and resinous lustre has been found with beryl 
at Khan in South-West Aihca {E. StemwscH 
Centr. ilm. A, 1929, 202), L. J. S- 

BUTADIENE. This hydrocarbon ensU 
to the extent of about 10% in the fraction ot 
vapour-phase cracked gases that contami 
butane and the butenes. It b not at the moment 
feasible to separate butadiene from thb miit^' 
because under mild conditions of polymerisation 
lover a phosphoric acid catalyst the C| i®' 
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saturated hydrocarlsons produce liquid 
hydrocarbons ■within the boiling range of 
motor spirit. Further, it is possible by simple 
thermal treatment to obtain higher polymers 
serviceable for motor spirit and of a high octane 
value. Other B 3 Tithetic products from this 
hydrocarbon are discussed under the heading of 
Cracking, see Petboleum. A. E. D. 

BUTADIENES AND POLYOLEFINS 
(Conjugated). These substances are hydrocar- 
bons which possess two or more double linkages 
in the molecule, the double linkages being 
conjugated, i.e. occupying alternate positions 
with single linkages. The moat important 
members of the group are butadiene, hexatriene, 
and their alkyl- and aryl- derivatives, but the 
group includes among its higher polyene members 
the important carotenoid hydrocarbons, a-, 
d-, and y-carotene, and lycopene (?.«.). 

The butadienes and hexatrienes contain the 
carbon skeletons C:C'C:C and C:C-C:C-C:C 
respectively, and they are formed by very 
numerous elimination reactions in which the 
elements of water, hydrogen halide, alkylamines 
(or their salts), etc., are removed from suitable 
glycols, unsaturated alcohols, dihalogeno- 
parafBns, halogeno-olefins, or alkenyl ammonium 
hydroxides. These eliminations sometimes pro- 
ceed spontaneously, but usually they are 
brought about by the action of heat, catalysts, 
bases, etc. In many reactions migration of a 
double linkage takes place to yield a conjugated 
compound where otherwise a non-conjugated 
compound would be expected. A great variety 
of glycols and unsaturated alcohols suitable 
for the syntheses of alkyl- and aryl-butadienes 
can bo obtained by the Grignard reaction. 
Typical of the elimination reactions are the 
following, the catalysts (where employed) being 
shown in brackets : 

(1) CIV1e2(OH)'CH:CHj 

Heat(HB r) CHj.-CMe-CH.-CHj-f- H 2 O 
Isoprene. 

(2) CHMe:CH-CHMeOH 

Heat (Kaoli n) CHMe:CH-CH:CHj-l-H20 
Plperylene. 

(3) CMej(OH)-CH 2 'CHMeOH 

Heat (HB r)^ CH 2 ;CMe-CH:CHMe-f H^O 
ay-Dimethylbutadienc. 

(4) CIVle2Br-CMe2Br-f2NaOH 

CH2;CMe-CMe:CH2-h2NaBr 

jSy-Dimethylbutadicne. 

(5) CH2Br-CH:CH-CH2Br-fZn 

^ CHj-.CH-CHtCHj-fZnBrj 

Butadiene. 

(0) NMe 3 ( 0 H)-[CH 2 ]i'NMe 30 H 

Heat CH2:CH-CH:CH2-f-2H20-f2NMe3 
ButaSlene. 

(7) CHMeiCMe-CHMeCl-f-CjHjN 

s- CHMe;CMe CH:CH2-l-CBH,N,HCl 

ajS-Dimethylbutadlene. 

In certain cases, especially where groups such as 
>>CH'CH(OH)-CH< occur, elimination can 
take more than one course, corresponding to the 


different possible ways of splitting off the elimin- 
ated molecule. In such circumstances mixtures 
of hydrocarbons are produced ; thus, in reaction 
(3) above, a little of the diene 

CMe2;CH-CH:CH2 
is formed -in addition to the main product, and in 
the dehydration of CH 2 :CH'CH 2 ‘CMe 2 'OH 
one unconjugated and two conjiigated dienes, 
viz. CHjtCH-CHa-CMerCHs, CH 2 :CH CH: 
CMej and CHMe:CH-CMe:CH 2 , are 
formed side by side (Bacon and Farmer, J.C.S. 
1937, 1066). 

Physical Properties . — AU the earlier members 
of the group, save butadiene, which is gaseous, 
are liquids of low specific gravity and low 
dielectric constant. The diene and triene 
members are colourless, but the higher polyene 
members are coloured and may be solid. Many 
compounds of the group are theoretically 
capable of showing geometrical isomerism, and 
it is probable that the considerable ranges of 
boiling-point recorded for various of the alkyl- 
butadienes are due in part to the occurrence of 
cis-trans isomerism (see Farmer and Warren, 
J.C.S. 1931, 3221); in the example of aS- 
diphenylbutadiene three geometrical isomerides 
have been isolated (Straus, Annalen, 1905, 342, 
214). 
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Chemical Properties . — The members of the 
butadiene group possess very strong additive 
tendencies, uniting with 1 mol. of certain 
reagents and either 1 or 2 mols. of others. 
With 1 mol. of bromine or ehlorine (X) they yield 
dihalides of one or more of the types : 

>CX-CX-C:C< (■l:2-addition) 

12 3 4 

)>C:Ci-CX'CX< (3:4-addition) 

12 3 4 

>CX-C:C-CX< (l:4-addition) 

1 2 3 4 

and with 2 mols., tetrahalides, 

>cxcxcxcx<. 

With 1 mol. of hydrogen halide they yield 
hydrohalides of one or more of the t 3 '’pes ; 

I>CH-CX'C:C<; (l:2-addition) 

1 2 3 4 
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>C C CX-CH< (3 4 addition) 

12 3 4 

>CH C.C CX< (1:4 addition) 

1 2 3 4 

>CX-C.C-CH< (1.4.addition), 

1 2 3 4 

and wth 2 mols , di-h^ drohalidea of (as yet) 
undetermined onentation. With 1 mol. of 
bypocblorous acid they yield cblorohydnna of 
one or both of the types 

>CC1 C(OH)C-C<C 
12 3 4 

>C C C(OH)-CCt<:, 

12 3 4 

and with 2 moU , di chloiohydrms The 14- 
(terminal) and 1.2- forms of the mono-addition 
products often occur side by side, owmg pro 
bably to the tautomeric capacity of an inter- 
mediate additive form common to both, tvhicb 
readily undergoes the ay-change 

OCX— C=C< — *.>C=CCX<) 
nnd thus is able to lead to either or both of two 
(iiiiil products when addition is complete: 
CHj'CH CH-CH, 

I CHjBrCHBr-CH CH, 

fCH,BrCHCHCH,+ Br® 

CHjBrCH.CH CH,Bp 

The same kind of isomenem has been observed 
amongst the addition products of hexatriene, 
nnd doubtless applies also to the conjugated 
polyenes. 

When hydrogenated cafnlyticsUy the bufa- 
dienes yield olefins or paraffins, the onentation 
of tbe addendum at the dih} dro stage depending 
on the nature and position of the substituent 
groups in the carbon chain The follow uig 
approximate compositions of reaction mixtures 
have been observed by Lebedev and Yakubebik 
(J.C.S. 1928, 832, 2192) at the stage of 60% 
hydrogenation (platinum catalyst) : 


C0% IIydkooevatioS. 


Diene. 

Butadiene . . . 


a-Mefhylbutadieno 

(Pipcrylene) 


p-Methylbutadiene 

(isoprene) 


Composltloa of Product 
Butane (34%), 
butene (23%), jP. 
butene (9%), butadiene 
434 %). 

I’entane (32%), propyl. 
ethylene (10%), a- 
metbyletbylethyJeno 
420%), piperj lene (32^^). 
isopentane (30%), fa®, 
propylethj lene 0 2%), 
ot . methyletby)ethv)me 
(13%), tnmethjlrthyl. 
me (15%), jsopreno 

( 30 %). 


Diene ( oinposltlon of Product 

^Dimethi ibuta. ^y-Dime(hylbuf ano (2S%), 
diene os - metbjlwopro’pjl 

ethylene (27 4%), tetrs- 
raethylethylene (16 6%), 
Py • dimethylbutadiens 
(28%). 


I The butadienes also unite with ozone to yield 
mono- or di ozonides, and often unite spon 
taneously with oxygen to yield peroxide 
derivatives. With sulphur dioxide they yield 
monomeric or polymeric cyclic sulpbones, 


CMe 

! 

CH 

'^CH. 


CMe \ 


and with selenium dioxide cyclic selenones 
I analogoiu m constitution to the sulphones. 


Mewino Points of Soi-phones and 
S£LE^0NES. 


Butadiene. 

Sulphone 

Setenone 

^.Methyl 

63* 

67* 

^•DiiDetiy). . . . 

135® 


/J Phenyl 

133* 


Py Diethyl- 

— 


Py Diphenyl . . 

183* 

89’ 


I When warmed wtli maleic anhydride the 
I butadienes yield crystalline anhydro cycle. 
I hexenes, often in qiiantitativo yield, the reegMt 
attaching itself to the terminal carbon atoms 
of the butadiene system (Diels-Alder reaction; 
«c Annalen, 1928, 460, 98; 1929, 470, 62; 
Ber. 1929. 62. 2081) i 



/\ 


CHCO. 

I' / 

CHCQ/ 


0 


\/ 

4 iH.CO>° 


\c/ 

/\ 


The hexatrienes and higher polyenes react 
similarly with maleic anhydride, the reagent 
attaching itself to the terminal carbon afoms 
of one or other of the butadiene systcois (Farmer 
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and Warren, J.C.S. 1929, 897; Kuhn and 
Wagner-Jauregg, Ber. 1930, 63, [B], 2662). 

CH-CHiCHj [-.CH-COVO 

CH-CH:CH2 " 



Ph[.CH;CH]5-Ph 2[ -.CH-COlzO ^ 



CH:CH— i 


Ph 


(A--COOCO) 

All these derivatives have reasonably sharp 
melting-points and serve to characterise the 
hydrocarbons. Analogous cyclohexene deriva- 
tives are formed with acraldehyde, acrylic ester, 
and other systems containing the group 
•CH:CH-CO, those with naphthaquinone and 
quinone 


H H, 


Butadiene 


\/ 

II 

O 

Naphthaquinone. 


(1 mol.) 




\/l\. 

II H H„ 

O 

Tetrahydroanthraquinone. 


o 

O 

II H Ha 

11 

if ^ ^ Butadiene 

/\ 

■ 11 II 

^ (1 mol.) 

V/ 

11 H Hj. 

II 

o 

o 

Tctraliydronaphtlia- 

Quinone. 

qulnono. 




Butadiene 
(2 mols.) 


Octahydroanthraqulnone. 

being particularly interesting and valuable owing 
to their hydroaromatio nature and consequent 
capacity to yield aromatic compounds by simple 
means. The Dicls-Alder reaction thus affords a 
direct means of s 3 mthesi 8 for numerous naphtha- 
lene and anthracene derivatives ; moreover, the 
naphthaquinone addition products, like the 
maleic anhj'drido derivatives, are suitable for 
the characterisation of the conjugated dienes and 
polyenes. 

Polymcrisalion. — The butadienes yield spon- 
taneously, or on heating (with or without a 
catalyst), diiucriclcs and higher polymeridcs. 
So far as is known, all the artificially formed 
dimerides of this group, save one, arc cyclo- 
he.xcno derivatives, built up in similar fashion 


to the maleic anhydride derivatives mentioned 
above. Thus the imeric product from isoprene 
appears to consist chiefly of 1:3- and l-.i- 
menthadiene (Wagner-.Tauregg, Annalen, 1931, 


Me 


+ 


+ 


\ 


Me 


Me( 


\/ \ 


488, 176), although in this example four isomeric 
dimerides are theoretically possible. The exist- 
ence of an open-chain dimeride of isoprene, 
jS-myrreene (supposedly 


CHj-.CMe-CH 


2CH2-CH:CMeCH:CH2), 


reported by Ostromisslenski to be present in 
the heat-degradation product of natural rubber 
(J. Russ. Phys. Chem. Soc. 1915, 47, 1911, 
1928) has not been confirmed. Two naturally- 
occurring hydrocarbons, ocimene and myreene 
(see below), possess constitutions appropriate 
to open-chain dimerides of isoprene. The 
exception to the cyclohexene rule which was 
noted above refers to the dimeride of o-phenyl- 
butadiene, which according to E. Bergmann 
(J.C.S. 1935, 1359) has the formula 


CHPh:CHCH 

/ 


CHCHgPh 


\ 

CH, CH 

The butadienes yield either spontaneously, by 
the action of heat, or under the influence of such 
catalysts as sodium or oxygen, high polymerides 
w'hich resemble in smaller or greater degree 
natural rubber. These appear to be long-chain 
compounds formed in the main by the end to 
end linking of the monomeric units, but not 
necessarily in the perfectly regular fashion 
attributed to naturai.rubber. For the constitu- 
tion of these high polymerides, see Katz (Trans. 
Faraday Soc. 1935, 32, 83), Carothers, Kirby 
and Collins (J. Amer. Chem. Soc. 1933, 55 791) ; 
for details concerning the polymerisation of 
p-n-heptyl- and jS-phenylbutadrene, see Carothers 
and Berchet {ibid. p. 2813 ) ; for a species of 
open-chain hydration-polymerisation, see Wag- 
ner-Jauregg (Annalen, 1931, 488, 176). 

j8-Chlorobutadiene (chloroprene) polymerises 
spontaneously to yield a rubber-like product of 
excellent quality, used as artificial rubber 
(“ duprene ”) (Carothers, Williams, Collins and 
Kirby, J. Amer. Chem. Soc. 1931, 53, 4203), and 
the speed of this transformation is roughly 700 
times greater than that of the analogous trans- 
formation of isoprene. There are, however, four 
well-defined and qualitatively distinct types of 
polymeride : 

Plastic 
polymeride 
(a) 
i 

Non-plastic 
polymeride 
(y) 


Volatile 

polymeride 

iP) 


Chloroprene 


■i 

Granular 

polymeride 

(to) 
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Of these the most important are the q* and the 

polj mendea or “ polyprenes," ainec the former 
corresponds in its properties to unTulcamsed 
rubber and the latter to vulcanised rubber. 
The #i-polymende is the final product of the 
epontaneoua polymerisation of chloroprene; 
the « polymende is formed as an intermediate 
stage in the formation of the ^ product, and ita 
isolation can only be effected when (I) the 
temperature is not too high, since elevated 
temperature accelerates the transformation of 
o.polymende to p-polymende more than it 
accelerates the formation of e polymende from 
the monomeric diene, and {2} the reaction is not 
too slow, since not only do most inhibiting 
influences have a greater retarding effect on 
the formation of the a than on the fi product, 
but very slow reaction often yields the tu* 
polymende Light and pressure appear to have 
a greater accelerating effect on the formation 
of the o polymende than on the transformation 
of this into the /i-polymende. 

The p polymende is a dimeric terpene like 
material and is an undesirable by-pi^uct m 
rubber synthesis. The <u polymende is also a 
useless product and is made up of discrete 
rubber-like particles which are non-plastic and 
not even swelled by rubber solvents; its forma, 
tion is autocatalytic. When a speck of <u-poly> 
mende appears (or is introduced) in a apearaen 
of incompletely polymensed chloroprene, the 
entire specimen is soon more or less completely 
converted into the oi polymende. The forma* 
tion of such nuclei of the wpolymende is 
favoured by strong ultraviolet light and metal 
surfaces (Carothers, Kuby, and Collins, J. Amer. 
Chem. Soc. 1933. 65, 789). 

Bromobutadiene (bromopceue) TOlymerises 
m a someuhat similar manner to chloroprene. 
fi , fi , and 01 polymendes have been described 
by Carothers, Kirby and Collins (i.c., p. 703). 
The structures of both jpolycbloroprene and 
nolybromopreno are probably to be represented 
by the formula (X<bCI, Br) : 

— CH- CH C CH, CH, CH C CH, CH, CH C CM,— 

i i i 

Butaditne (erythrene, divinyl), 

CH,:CH CH:CH,. 

is stated to be formed m 30-50% yield by heating 
crotyl alcohol with toluidine hydrogen sulphate 
or oxalic acid; in 60-60% yield by passing 
crotyl acetate vapour over heated alumina; m 
03% yield by passing cyclobutanol vapour over 
alumina at 300°-350’ ; in G0% yield by dropping 
ay-dihydroxy butane on phosphoric acid heated 
at 300® or by passing its sapour over contact 
agent*, heated to a suitable temperature, such 
as (1) dehydrated potash alum or olumininm 
sulphate or prim, potassium phosphate (EJ*. 
291748; 80% yield), (2) eenum phosphate on 
pumice, or a mixture of prim, sodium phosphate 
and graphite, with or without phosphoric acid, 
or sodium pyrophosphate and phosphoric 
acid (E.P. 317500; 00% yield), (3) a mixture 
of prim, sodium phosphate and prim, butylamine 
phosphate, or of sec. calcium phosphate, lamp 
bLick, graphite, crystaUine ammonium oxalate 
and pnm. ammonium phosphate (E.P. 326185), 


(4) a mixture of sec. calcium phosphate, 
sec. ammonium phosphate and graphite, or 
of prim, sodium phosphate, prim, butykmbe 
phosphate, and graphite (E.P. 317500), (5) heated 
kaolin, (6) alummium phosphate, and (7) ao- 
hydrous ferrous sulphate ; also by passing i. 
butylene oxide over phosphoric acid heated at 
400®'-500‘’, and in many other ways. B.p.c.-5’ 
to —4® ; derivative with maleic anhydride, m p. 
103®— HW°; derivative with a-naphthaqumone, 
m p. 102*-103® ; dibromides, (i) m p. 63®, and 
(u) bp. 58®-66®/14mm. ; tetrabromides, (i)mp 
118®, and (ii) m.p. 37®-39®. 

a-3Ielhylbittadxene, piperylene, ' 

CHMeCHCH.CH,. 

IS prepared by the dehydration of d^.pentea. 
Sol, CHMe.CH'CHMe{OH). by passing its 
vapour at about 20 mm. pressure over kaolin 
heated to 400®, or by the dehydration of fS 
dihydro^pentane, 

CHMe(OH) CH,-CHMe(OH). 
by heating 100 g. with about 1 g. of 48% 
hydrobromio acid. Bp. 42 4®-42 6°/766 mm.; 
<1^,0 6803; nj,®, 1*4309; dernativc with maleic 
anhydride, m.p. 62®. 

fi Met^yibuiadiene, tsoprene, 

CHj.CMe-CH CHj, 

can be obtained from each of three isomene 
pentanes contained in American petrolewn. 
n*Pentane gives on chlorination a mixture of 
two isomeric monochlondea (a* and ^ chloro* 
pentane) which yields on debydrochlormatien 
with quicklime at 385®-400® a mixture of J®* 
and JS pentene. The latter, when passed over 
alumina heated to 450®, eufiera conversion Into 
tnmethylethylene, ^m which diehloroiio* 
pentane, CMejCI CHCl CH,. may be obtained 
either by direct addition of chlorine, or by 
addition of hydrogen chloride (yielding iiojmjl 
chloride, CMe,CI CHj-CHj) followed by 
chlormation. The dichloroieopentane thus ob* 
tamed yields isoprene when passed over heated 
barium chloride. 

wPentane, CHMej-CHg-CHj, gives on 
chlorination the chlorides CMe.Cl CHyCH, 
and CHMej-CHCl-CH,, each of which jielda 
trimethylethylene almost quantitatively whea 
passed over quicklime at 450®. From the tri- 
methylethylene tsoprene is obtained as above. 

Tetramethjlmethane gives on chlormation 
the chloride CMe,*CH,Cl, which isomcrises to 
isoaoiyl chloride, CMCjUl CHjCHs. on dis* 
tdlation. The latter may be com cried into oi- 
chloroiiopentane and thence into isoprene ss 
above. For laboratory purposes 
bo prepared by thermal degradation of mbocf 
(Bassett and tVilLams, J.C.S. 1932, 2324) or 
by thermal degradation of limonene^^usmg 
Harnes and Gottlob’s “isoprene lamp (An 
nalen, 1911. 383, 228; see also Whitby ana 
Crozier, Canad. J. Res. 1032, 6, 203). 

Crude isoprene can be freed from 
carbon impurities by converting into its hyd^ 
bromide, CMeyCH CHjBr. and thence by 
the action of 6% potassium carbonate m*® ‘ 
tertiary alcohol, CMej(OH) CHiCHy f™ 
this the pure hydrocarbon is obtained by nc* 
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ing with a little aniline hydrobromide (Farmer 
and Warren, J.C.S. 1931, 3221). An alternative 
method of purification consists in forming the 
crystalline sulphone derivative of the hydro- 
carbon by the action of sulphur dioxide, and 
decomposing this compound by heat (Jones and 
Williams, J.C.S. 1934, 829). Another method of 
purification which, it is claimed, gives a very 
pure product relies entirely on fractional 
distillation of the crude hydrocarbon using a 
vacuum -jacketed column (140 cm. long) and a 
reflux ratio of 16 : 1 (Bekkedahl, Wood and 
Wojcieohowski, J. Rea. Nat. Bur. Stand. 1936, 
17, 883). Isoprene has b.p. 34-076'’/760 mm. ; 
d“, 0'6805;mp, 1-4160; derivative with maleic 
anhydride, m.p. 63°-64° (Bekkedahl, Wood 
and Wojciechowski, l.c. ; Farmer and 
Warren, l.c.). 

aa-Dimelkylbutadiene, C M eg: C H -C H : C H j- 
A hydrocarbon which appears to be sub- 
stantially pure aa-dimethylbutadiene has been 
prepared from j9-cycZopropylpropene by the 
successive action of hydrobromic acid and 
alcoholic potash (Keersbilck, Bull. Soc. chim. 
Belg. 1929, 38, 205; Farmer and Warren, 
J.C.S. 1931, 3231). Mxtures of aa- and ay- 
dimethylbutadiene are obtained by dehydration 
of various alcohols, e.g. CHMe:CH‘CMe 2 'OH 
(6% aa-) and CMeg-.CH-CHMe-OH (smaU 
proportion aa-), hut satisfactory separation of 
the components has not been achieved (Bacon 
and Farmer, J.C.S. 1937, 1065). B.p. 72-6°- 
76-67758 mm.; d^, 0-7183; 1-4525; 

derivative with maleic anhydride (highly 
polymerised substance), decomposes without 
melting. 

aP'Dimethylbutadiene, 

CHMe:CMe-CH:CH 2 , 
is prepared from y-methyl-d^-penten-8-oI, 
CHMe.-CMe-CHMe(OH), either by the 
successive action of hydrochloric acid and quino- 
line (Abelmann, Ber. 1910, 43, 1583) or by direct 
dehydration (Farmer and Warren, J.C.S. 1931, 
3232). B.p. 76-0°-79-47773 mm.; 0-7279; 

1-4511 ; derivative with maleic anhydride, 
m.p. 67°. 

ay-Dimelhylbutadiene, 

CHMe.-CH-CMeiCHj, 

is prepared by the dehydration of fi-metbyl- 
pontane-j88-diol, 

CMeg(OH)-CH 2 -CHMe(OH', 
(Kyriakides, J. Amer. Chem. Soc. 1914, 36, 994 ; 
Farmer and Scott, J.C.S. 1930, 511); a small 
proportion of the isomeric ao-dimethylbutadienc 
is formed at the same time (Bacon and Farmer, 
unpublished work) but this hydrocarbon does not 
constitute the main product as supposed by 
Whitby and Gallay (Canad. J. Res. 1932, 
6, 280). B.p. 75-6°-75-7°/762 mm. ; d“, 0-7196 ; 
tij), I'44G7 ; derivative ‘with maleic anhydride, 
m.p. 56°-57°; dibromide, oil, b.p. 101°- 
103°/22 mm. (decomp.). 

ah'Dimethylbutadiene, 

CHMe:CH-CH:CHMe, 
is prepared by the dehydration of ethyl propenyl 


carbinol, CHMe:CH-CH(OH)Et, at 15-20 
mm. pressure in the presence of kaolin at 420° 
(Kyriakides, J. Amer. Chem. Soc.- 1914, 38, 
994). B.p. 77-0°-81-6°/765 mm. The -wide range 
of boiling-point is probably due partly to the 
presence of cis-iro;w-isomerides, hut partly also 
to the presence of a very small proportion of 
a-ethylbutadiene. The lower boiling fraction 
of the hydrocarbon gives the values : 0-7108; 

1-4427; and the higher boiling fraction: 
d*®, 0-7162; 1-4493. Derivative -with 

maleic anhydride, m.p. 95°-96° ; dibromide, 
b.p. 85°/Il mm. 

Py-Dimethylbuiadiene or dilsopropenyl, 

CHgiCMe-CMe.-CHg, 

is prepared by the dehydration of pinacol, 
CMe 2 (OH)-CI\/le 2 (OH), by heating with a 
little hydrobromic acid (Kyriakides, J. Amer. 
Chem. Soc. 1914, 36, 987). B.p. 69-07761 mm ; 
d^®, 0-7262 ; t:^®, 1-4393 ; derivative -with maleic 
anhydride, m.p. 78°-79° ; dibromides (i) m.p. 
47°, (ii) oil, b.p. 101°-105°/15 mm. 

Myrcenc, 

CMe2.-CH-CHg-CH2-C(:CH2)-CH.-CH2, 

occurs in bay oil, the essential oil of hops, 
Barosma venusUt, and the oil of Lippia cilriodora. 
It is formed, together with other hydrocarbons, 
by the action of potassium bisulphate on Ukare 
oU. It is a colourless liquid, b.p. 62°-63°/ 
17 mm., which polymerises on long standing, 
and yields myrcenol on hydration with a 
mixture of sulphuric and acetic acid; d^7 
0-8013; 1-4700; derivative with maleic 

anhydride, m.p. 34°-35°. 

Ocimene, 


CHg-.CMe-CHg-CHj-CHiCMe-CHrCHg, 


occurs in the leaves of Ocimum hasilicum. 

P'Myrcene, formerly reported to possess an 
open-chain structure, is -without doubt a cyclie 
compound (see Polymerisalton, above). 
P-Cklorohutadiene, chloroprene. 


CHgrCCI-CH.-CHj, 

is prepared by the addition of hydrogen chloride 
to vinylacetylene (see olefin-acetylenes). The 
primary addition product is chloromethyl- 
allene, but this isomerises spontaneously, 
especially in the presence of cuprous chloride, 
into clJoroprene (Carothers, Berchet and 
Collins, J. Amer. Chem. Soc. 1932, 54, 4066; 
Carothers, Williams, Collins and Kirby, ibid. 
1931, 53, 4203) : 

CH2:CH-C:CH HCI CH2C1-CH:C:CH2 


ay- change 


CHg-.CH-CCliCHg. 


B.p. 59-47760 mm. ; d“, 0-9563 ; n^, 1-4583 ; 
it yields no derivatives -with maleic anhydride or 
o-naphthaquinone. 

P-Bromobutadiene, bromoprene, 

CH2:CBr-CH:CH2, 

is prepared by the action of concentrated 
hydrobromic acid on vinylacetylene in presence 
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of freshly prepared cuprous bromide (Carothera, I 
CoILns and Kirbj, J. Amer. Chem. Soc. 1933, 
65, 786). 

CH,:CH CiCH CHjBr-CH.CiCH, I 
• »■ CHjCH-CBnCH,! 


j B p. 42-4371C5 mm.; df, 1-397; 1-4938. 

IdenratiTe with maleic anhydride (hydrated), 
|mp, 186 5*-187“; derivative with a-naphtha- 
qumone, m.p. 138®. 

Other open-chain butadienes. — The following 
compounds, in^er alia, have been obtained: 



B p (M p ) (“C.) 

U.p of maleic 
anhydride de- 
nvatlTe<*C ). 

M p ofnaph- 
tnaiiaiDOQe 

derivatlvei'C; 

p n Butyl- . . . .... 

121-123 


63-64 

jS-tert.-Butyl- . 

104-106 

124 

90 

)3-n-Heptyl ... 

62-64 (5 mm.) 

— 

81 

o-Phenyl- . ... 

96{18 mm.) 


— 

^-Phenyl- . .... 



146-147 

a-Methyl ^ chloro- .... 

99 5-101 

— 

181 

a Ethyl p chloro- . ... 

6S*2-69{117 mm.) 

— 

151-152 

^y-Dichloro- ... 

98 

— 



168-170 

128-129 



aS-Diphenyl- (3 forms) 

(152): (lO); oil 

207 

— 

^y-Diphenyl . . 

(49) 

— 

— 

oS-Dibcnzyl- . . 

(79) 

— 

— 

aay-Tnmcthyl- . ..... 

92 

— 

— 



_ 

— 


33-34 (7 mm.) 



— 

aS-Dimethyl ^y-diethyl- . . 

158-165 

90-91 

91-92 

o^yS-Tetramethyl- . . . 

132-134 

— 

— 

ofiyS-Tetraphenyl- . . . . 

(183-184) 

— 

— 

aaoS- 

(202) 

— 



Hexatriene, CH,-CH CHiCH CH.CH,. is 
prepared by treatine a divmyUthylcne glycol, 
CH,-CH-CH(OH) CH{OH)-CH.CHt. with 
phosphorus tnbromide and debalogenatmg the 
product with zme (van Romburgh and IdoUer, 
Proc. K. Akad. Wetensch Amsterdam, 1914, 16, 
1090). It is a colourless liquid, b p. 80®-S0 5®: 
d”*, 0 740; 1-6172; derivative with 

maleic anhydride, m p 515®. For Cis-bezatnene 
and for the dibromides of hezatnene, see 
Farmer, Laroia, Switz and Thorpe, J.C.S. 1927, 
2937. 

For dimetbylhezatriene and diphenyl- 
hezatnene (m.p. 124"-125®),s«6 Farmer, Laroia, 
"Switz and "Thorpe (1 c.^, and "Kulm and "Winter 
stem (Helv. Cbim. Acta, 1928, 11, 87). 

Higher Polyenes. — The following series of 
ou diphenyl.polyenes, Ph [CH.CHVPh, has 
been synthesised by Kuhn and Wmterstein, I e . : 
ad-diphenyl'OCtatetraene, m p. 232®. 
aif „ decapentaene, m.p. 253®. 

0/1 „ dodecahexaene, m.p. 267®. 

op „ hexadecaoctaene, m.p. 285°. 

For the addition products of these, see Kuhn 
and Wmterstem, l.e , pp. 123, 144. E. H. P. 

BUTADIENES AND POLYOLEFINS 
( Non-conJ ugated). The non-conjugated buta- 
dienes are allenes (^.v.). Of the non-conjugated 
polyolefins the most important compounds are 
the symmetrical dioleSns obtained 1^ the 
action of sodium on halogeno-olefins of the type 
R-CH:CH-CH,I or R'-CH:CR"-CH,I (R= 
H or alkyl). TJnsymmetrical diolefins are framed 
by dehalogenation and elimination reactions 
si m i l ar to those employed for the butadienes 
( 3 <».). 


The diolefins unite with one or two nole 
cules of chlorine, bromine, bypocblorous bci<1 
and other olefinic reagents; they readily 
undergo catalytic hydrogenation and ate con 
verted by dilute sulphuric acid into oleflnie 
oxides ; they are susceptible of oxidation by 
atmospheric oxygen and frequently polyroeiise 
apontaneously. 

DiaUyI(A“* Lexadiene), 

CHj-CH-CHj-CHj-CH.CHj, 
b p. 59 3°/769 mm., b obtained from alljl iodide 
and sodium; dterolyl{i^^^’OQta.iKne), 

CHMe CH-CH4:CHt:CH CHMe. 
bp. 117®— 119®, IS obtained from crotyl bromide 
and sodium ; di isocrolyl (^e-dimethyl A" ' 
hezadiene), CHj-CMe CHg-CHj-CMe CH,, 
b.p. 113°-114®, 13 obtained from bocrotyl 
bromide and sodium. E. H. 1- 

BUTALDEHYDES, C4HgO. 

Normal butaldehyde, CHj-ICHjIj-CHO, w 
prepared by distiUing a mixture of calcium 
» butyrate, calcium formate and iron filing* 
The distillate is fractionated, and the product 
bolated as the bisulphite compound from the 
fraction boiling at 70°— 110® (Lipp, Annalen, 
1882, 211, 355; Linnemann, ibid. 1872, 161. 
186; Kahn, Ber. 1885, 18, 3364). It can also 
be prepared by the action of magnesium 
«-butyl bromide on ethyl orthoformate (Bodroux, 
Compt. rend. 1904, 138. 700), by catalytic 
h^rogenation of crotonaldehyde (B.P. 271103j 
147118) and by passing the vapour of n 
alcohol over heated copper oxide (B.P. 173004) 
It 13 a liquid of b p. 73°-74° and d'J 0 8170 
(Bnihl, Annalen, 1880, 203, 18). It dissoh« 
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in water to the extent of 3-7 parts in 100. 
It yields a cr 5 'stanine bisulphite compound 
(Juslin, Bor. 1884, 17, 2505), and udth aqueous 
ammonia at 0° gives butaldehyde-ammonia, 
C4 Hii 0N,3JH20, m.p. 30°-31° (Guckelbetger, 
Annalcn, 1847, 64, 52). If alcoholic ammonia 
and the aldehyde are allowed to stand for a 
month and then heated for a day at 100°, 
two bases are formed, tetrabutyraldine, and 
dibutyraldinc, CgHj^ON, which can be isolated 
by distilling off the unchanged starting materials 
and fractionally precipitating with platinic 
chloride. The latter base only has been 
crystallised. 

Butaldehyde is used for the preparation of 
butyric acid, and for increasing the elasticity 
and toughness of rubber used for dipping 
(U.S.P. 1445080). Its condensation products 
are used as vulcanisation accelerators. 

On standing four days with a little zinc 
chloride, butaldehyde polymerises to para- 
buialdehyde, (C^HgOlj, an oil of suffocating 
smell, b.p. 129°-130°/35 mm., and 0-917 
(U.S.P. 1576503). It remains Uquid at —20°. 
On distilling or heating with acids it yields 
butaldehyde and resinous compoimds. 

Metabutaldehyde, (C^HgOli, is formed, with 
parabutaldehydo by the action of hydro- 
gen chloride on butaldehyde at —20° (Franke 
and Wozelka, Monatsh. 1912, 33, 353). It 
forms needles of m.p. 173°, subliming at 160°, 
readily soluble in hot alcohol and benzene but 
not in water. Its molecular weight is about 250. 

^Py-TricMorobutaldehyde (butyl chloral), b.p. 
164°-165°/750 mm., and its hydrate, m.p. 78°, 
have been prepared by Pinner (Annalen, 1875, 
179, 26). 

isoBtUaldehyde, (CH 3 ) 2 CH-CHO, is pre- 
pared by the oxidation of isobutyl alcohol with 
potassium dichromate (Lipp, Annalen, 1880, 
205, 2; Pfeiff'er, Ber. 1872, 5, 699; Fossek, 
Monatsh. 1881, 2, 614 ; 1883, 4, 661) or by dis- 
tilling calcium formate with calcium isobutyrate 
(Linnemann and Zotta, Annalen, 1872, 162, 7). 
It is a liquid of b.p. 63°-047757 ram. (Briih], 
Annalen, 1880, 203, 18), 0-7938 (Bruhl) and 

0-79722 (Perkin, J.C.S. 1884, 45, 476). 
It dissolves in 9 parts of water at 20° and is 
soluble in alcohol and ether. Condensation 
compounds have been obtained by Perkin 
(J.C.S. 1883, 43, 91). 

Diisobutaldebydc, (C 4 H 80 ) 2 , b.p. 136°-138°/ 
18 mm., is obtained by heating isobutaldehyde 
with a concentrated solution of sodium acetate at 
150° (Fossek, l.c.). 

Paraisobxilaldehyde, (C^HgO) 3 , m.p. 59°-60°, 
b.p. 195-2°/762-3 mm., is obtained by the action 
of zinc chloride on the aldehyde (Fossek, l.c .) ; 
also by the action of chlorino or of bromine 
or iodine vapour (Barbaglia, Ber. 1872, 5, 
1052; 1873, 6, 1064; Gazzetta, 1886, 16, 431) 
on the aldehyde. , 

BUTANE AS A FUEL. Liquefied 
petroleum gases, e.g. propane and butane, 
are finding an ever-increasing market both as a 
domestic fuel supplied in containers, and as. 
industrial fuel, e.g. for cooking in railway dining- 
cars, for general industrial heating, and, to a 
very much smaller extent, as a fuel mixed w-ith 
hydrogen for airships. 


The potential supply of butane is so great 
as 40,000 tons a year, a good deal of which finds 
its way into orifinary motor spirit, where it is 
advantageous as a means of increasing volatility 
and for increasing anti-knock value. 

The propane supplies are even greater and 
amount to approximately 70,000 tons a year. 

The method of extracting these gases consists 
in absorption from natural gas by means of a 
convenient solvent, recovery by means of dis- 
tillation and then careful fractionation. A 
certain amount of chemical treatment is 
necessary and a convenient desulphurising agent 
is sodium or calcium hypochlorite. 

Some properties of liquid propane and butane 
follow : 


Property. 

Com- 

inercia] 

Propane. 

Com- 

mercial 

Butane. 

Specific gravity of liquid . 

0-51 

0-68 

Initial boiling-point 

-5i°r. 

15°F. 

Cu. ft. of gas at 60°F. and 
atmospheric pressure per 
gallon of liquid at 60°F. . 

36-3 

31-5 

Percentage of the gas in air 
for maximum tempera- 
ture of flame .... 

4-3 

3-3 


I In the case of propane the liquid vapourises 
conveniently at ordinary temperatures, but it is 
sometimes necessary in the case of butane to 
provide auxiliary heat. 

For domestic use cylinders are provided 
holding 60 days’ normal fuel supply. 

A variety of industrial uses is as follows : 

(1) Direct liquefied gas serves for domestic 
and industrial uses. 

(2) Enrichment of low thermal standard gas, 
e.g. water gas. 

(3) Raw material for reforming to ordinary 
town gas services. 

(4) Special purposes, e.g. solvents, cleansing 
mineral oils, refrigeration, source of synthetic 
chemicals, welding and metal cutting. 

A. E. D. 

BUTANE V. Botyi.- compounds. 

BUTANONE [Methyl ethyl ketone) v. Ace- 
tone Oin. 

BUTEA FRONDOSA. The Butea fron- 
dosa, also called Dhak or Pulas, is a fine tree, 
3(M0 ft. high, belonging to the order Legu- 
minoss;. It is common throughout India and 
Burma and is found in the North-West Himalaya 
as far as the Jhelum River. The flowers, which 
in the dried condition are known as tisu, 
kesfi, kesuda, or palas-k^ppiil, have a bright- 
orange colour, and, although they are much 
larger, closely resemble in appearance the 
coinmon gorse-flower [Ulex europxus), with 
which, indeed, they are botanicaUy allied. 

F rom the Butea frondosa is also obtained the 
so-called “ Butea gum ” or “ Bengal kino,” 
employed by the natives for tanning leather ; 
and the tree is of additional interest because in 
many parts of India the lac insect (Coccus lacca) 
is reared upon it. This latter, as is well known. 
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causes the formation of etick lac from which 
shellac and lac dye are prepared. 

Butin . — ^The flowers are extracted with boHuig 
water and the extract digested with a httle 
sulphuric acid. A light viacous precipitate 
devoid of dyeing property separates and this is 
removed while hot and the filtrate left over- 
night. The clear hquid is now decanted firom a 
small quantity of tarry substance and partially 
evaporated on the water bath. A further 
quantity of a black viacous precipitate thus 
separates, and when this has been removed the 
filtrate, after some days, deposits ciystals of 
the colouring pnnciple, 6uh'n. For purification 
the product is dissolv^ in a httle alcohol, the 
mixture poured mto ether, and the solution 
well washed with water. The ethereal liquid 15 
evaporated and the residue repeatedly crystal- 
Lsed from dilute alcohol (Perl^ and Hummel, 
J.C.S. 1904, 85. 1459) 

Bntin, C|5Hj|0g+iH{0, colourless needles 
(from alcohol), m p. 224.°-226’‘, ■+2H^O, pah 
yellow needles (from water), dissolves m 
alkaline solutions with a pale orange red tint, 
and gives with aleohohc lead acetate a faintly 
yellow, almost colonrless, precipitate. The 
lriae*it/l denvatiie, colourless leaflets, melts 
at 123*-125“, and the inbemoyl componod, 
colonrless nee^es, at 155”-157^. On fusion with 
alkali at 200”-220^ butm gives protocatecbuic 
acid and resorcinol. 

When bntm is boiled with dilute potassium 
hydroxide solution the psle-coloured liquid 
becomes much darker, and on acidifying an 
orange ciystalline precipitate separates which 
consists oibvtein. 

BvUtn, needles, melts at 

213°-2lS”s aissolves in alkalme solutions with a 
deep orange-red colour, and with alcoholic lead 
acetate gives a deep ted precipitate. Tttra 
acetulbutein, pale yellow needles, melts at 129^- 
131*. 

Bliea fused with alkalis butein gives resor 
cinol and protocatecbuic acid, whereas by the 
action of boding 50% potassium hydroxide 
solution, protocatechuic acid and resaceto. 
phenone are produced. 

By methylation with methyl iodide butin 
gives huUn tnmtlhyl ether, colourless plates, 
mp. no*— 121®, and also butein trimeihyl ether, 
yellow leaflets, m.p. 16fi°-15S®. In a eun^l 
manner, bntem yields not only hntem fnmethyl 
ether, but also butin tnmethyl ether. 

Perkin and Hummel thus assigned the 
chalkone structure (I) to bntem and the 
corresponding flavanone configuration (II) to 
OH 


bntin, and established tho correctness of these 
formula by the synthesis of bntein and bntm 
tnmethyl ethers. Resacetophenone mono- 
methyl ether condensed with veratraldehyde 
yields bntem tnmethyl ether (III), and this, when 
digested with boiling ddute aleohohc sulphanc 
acid gives butin tnmethyl ether (iV), 

OMe 

MeOf^^.OH r'^.OMe 

l^^LcO-C H= C H-l J 
III. 

OMe 

^OMe 




I 

XH, 


IV. 

Somewhat later Goschke and Tambor {Ber. 
1911, 44. 3502) prepared buteinitself by treating 
protocatecbuic aldehyde and resacetophenone 
m boiling alcohol with potassium hydroxide 
solution and found tius to be identical in all 
respects with the natural prodnet. Butm 
methyl ether, yellow needles, m p. 185®, Jiikin 
y-4'-dmethyl ether, yellow prisms, mp 203°, 
and bvlein teiramethyl ether (Ber. 1012, 45, 186] 
colourless needles, m.p. 89°, were sUo desenhed 

A further synthesis of butein is recorded hy 
Shipoda, Sato and Eawsgoye (J. Pham. Soe. 
Japan, 1029, 49, Ko. 571, ]23). The condensa- 
tion of the acid cblonde of dicarbethoxycafieia 
acid with resorcinol in dry nitrobenzene-ether 
aolution in presence of aluminium chloride at 
100® furnishes a product which, when heated 
with 10% potassium hydroxide solution m an 
atmosphere of hydrogen, yields butein on 
acidification. 

Butein itself is also Converted into bntin by 
means of dilute alcoholic sulphuric acid, and the 
butm can again be transformed into bntein by 
the action of potassium hydroxide solntion 
With aleohohc potash butin tnmethyl ether also 
gives bntem tnmethyl ether, and these changes 
are readily explained if it is assumed that the 
intermediate compound 

OH 


-CO 


HO/-^OH ■ r^|OH 

L.,^j-CO— C H = C H — L J 


OH 



II. 


or its tnmethyl ether is the first product of the 
reaction m each case, and that this sob- 
sequently, by loss of water, passes into either 
chalkone or flavanone, or both. 

When hutem dissolved in acetic acid is treated 
with a few drops of sujphunc acid, and the 
solution is boiled, a new substance gradually 
separates in the form of crystals, which possess » 
bMtle green indescence, and dissolve w 
alkahne solutions with a deep blue colour. The 
acid liquid decanted from the crystals, on 
dilution with water, gives a brown precipitate 
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soluble in alkalis with a bluish- violet coloration, 
which dyes mordanted calico shades of a similar 
character to those yielded by anthragallol. 
It appears probable that this more soluble 
substance represents the first product of the 
reaction, and is subsequently converted into 
the green iridescent compound. A considera- 
tion of the formula of butein renders it unlikely 
that these new substances are anthraquinone 
derivatives ; on the other hand, it is suspected 
that by loss of water ring formation takes 
place and that an indone derivative of the 
following type is first produced ; 


OH 



Butin and butein dye mordanted woollen 
cloth identical shades, though as hutin gives 
with an alcoholic lead acetate solution a prac- 
tically colourless precipitate, it is not to be 
regarded as a colouring matter. In other words, 
butin is merely a colouring principle and is 
converted during the dyeing operation by the 
action of the mordant into the colouring matter 
butein. With chromium, aluminium, tin and 
iron mordants reddish-brown, brick-red, full 
yellow and brownish-black shades respec- 
tively are obtained, and these are strikingly 
similar to those yielded by some of the hydroxy- 
benzylidenecoumaranones artificially pre- 
pared by Friedlander and Rtidt (Ber. 1896, 29, 
879). 

The butea flowers contain only a trace of free 
butin or butein, and the glucoside present, w'hich 
has not yet been isolated, is probably that of 
butin. In dyeing operations the glucoside is first 
hydrolysed by boiling the flowers with dilute 
hydrochloric or sulphuric acid and the acid 
neutralised with sodium carbonate ; on evapora- 
tion a material is obtained which readily dyes 
by the usual methods. Such products give the 
following shades : with chromium, deep terra- 
cotta ; with aluminium, a bright orange ; with 
tin, bright j-ellow, and with iron, a brownish- 
olive. The chromium colour is characteristic 
and is much redder in tint than that yielded by 
any known natural yellow dye. 

A. G. P. and E. J. C. 

BUTESIN. Ji-Butyl p-aminobenzoate, 
HjN-CgH^-COjBu, it is used in the form of a 
dusting powder or ointment as a local anaesthetic, 
(Abbott, Chicago ; Pharmaceutical Products, 
London.) B.P.C. 

BUTOLAN. Carbamic acid-ester of p- 
hyoxydiphenylmethane. Brand of Carphenol. 
Vermifuge. 

BUTOXYL. Cellulose lacquer solvent, is the 
acetate of 1 :3-butyleneglycol ether. Insoluble 
in water (J. Oil Col. Chem. Assoc. 1935, 222). 

BUTTER. Butter is the fatty food sub- 
stance prepared from the milk of mammals by 
heating or churning the milk, or the cream which 
has been first separated from the milk, cither 
in a sweet condition or after suitable ripening. 
In practice, cream is now almost generally 
employed, but milk was at one time, and in 


some parts still is, directly used. Butter 
prepared for sale in this country is the product 
of the milk of the cow, but in some countries 
butter is made from the milk of other mammals, 
e.g. goats, buffaloes and sheep. 

The description “butter” is also in usage to 
express similarity to butter in appearance or 
consistency of some other substances which have 
no connectibn with genuine butter, for example, 
vegetable butter, goconut butter, cocoa (cacao) 
butter, butter of antimony. 

Definition of butter and legal restrictions relating 
thereto in this country . — ^The legal definition of 
butter in this country is — “ Butter is the 
substance usually known as butter, made 
exclusively from milk or cream, or both, with 
or without salt or other preservative, and with 
or without the addition of colouring matter ” 
(Food and Drugs (Adulteration) Act, 1928, 
s. 24). This definition is modified by the 
Public Health (Preservatives in Food) Regula- 
tions, 1925 (S. R. & 0. 1925, 775) which do 
not permit the use of any preservative in butter, 
and prohibit the use of certain colours in any 
food. For the purpose of these regulations, 
common salt is not regarded as a preservative. 
The colouring matters prohibited in food are 
picric acid, Victoria yellow, Manchester 
yellow, aurantia, aurine, gamboge, and 
metallic colours. 

- “ Premises on which by way of trade butter 
is blended, re-worked, or subjected to any other 
treatment but not so as to cease to be butter,” 
must be registered (Food and Drugs (Adultera- 
tion) Act, 1928, s. 8). 

The regulations as to the maximum amount of 
water in butter are of a two-fold character : 
(1) The Sale of Butter Regulations, 1902, 
provide that where the proportion of water 
exceeds 16% it shall be presumed that the 
butter is not genuine. This presumptive 
standard apphes only to butter, e.g. farm and 
creamery butter, which has not gone through 
any process such as blending or reworking 
subsequent to manufacture. (2) The Food and 
Drugs Act (l.c. ss. 12 & 11) fixes an absolute 
limit of 16% of water for imported butter, and 
for butter which has undergone any process in a 
butter factory. 

The retail sale of butter comes under the 
provisions of the Sale of Food (Weights and 
Measures) Act, 1926, particularly as to the weight 
of paper that may be included in a sale by 
retail. 

The Food and Drugs Adt (l.c.) also defines 
(s. 34) the article known as “ milk-blended 
butter,” and limits the amount of water which it 
may contain to- 24% (l.c. s. 11). The manu- 
facture of milk-blended butter has, however, 
practically, if not wholly, ceased. 

No limits have been fixed as to the amount of 
fat or of curd in butter for sale in this country, 
but the Minister of Agriculture has power under 
the Food and Drugs Act (l.c. a. 7) to make a 
presumptive limit of the proportion of any milk- 
solid other than milk fat in genuine butter. 

Preparation. 

Butter is obtained from milk or cream by 
churning, a process which has been used from 
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time imraemonal All the numerous types of 
churns used in modem butter-makiog arise from 
the development of the primitive skin bag m 
which milk was rolled, or the wood bos in which 
milk was beaten, and m later daj's enclosed and 
rotated 

Cream, freshly separated from milk and in a 
sweet condition, may be directly employed for 
chummg. More generally, cream is allowed to 
sour or ripen naturally, as in common farm, 
practice, or is cultivated for a brief period with a 
“ starter ” — a culture of lactic acid bacteria 
and associated species capable of developing 
butter flavour and aroma. IJ'aturally ripened 
cream, the oldest method, is open to develop- 
ment of adventitious germs with production of 
unwanted flavour or aroma. 

Where a “ starter ” is employed, the cream 
after separation from milk and before addition 
of the “ starter ” is pasteurised to destroy 
germs of milk borne diseases and ferments 
which may aSect the quality or character of the 
butter There are vanous methods of pasteuri- 
sation and subsequent cooling of the cream. 
After addition of the “ starter ’* the cream is 
maintained at a temperature of 18* to 21“ for 
some hours before choming Butter may he 
produced without regard to the aodity of the 
ripened cream, but if the acidity exceeds about 
0 8% as lactic acid it u preferable to reduce it 
to an amount below 0 3% by suitable treatment 
before the cream is passed to the chum. 

The temperature at which the churning is 
carried out is an important factor It must be 
high enough to enable the fat particles to cohere, 
but sot so high aa to give a greasy butter. If 
too low the cream will bo merely “ whipped.” 
In hand chums a suitable temperature is 12 6“ 
to lS-5“, m creamery chums it may be some- 
what lower. Cbarmng is earned out at a lugber 
temperature in winter than in summer Before 
commencement of churning, colounng matter is 
added, if, as is usually the case, butter of a 
standard tint is required The most suitable 
butter fat content of cream for churning is from 
30 to 33%. 

Churning consists essentially in beating or 
shaking the cream (or milk) m such conditions 
that the minute fat globules under the concussion 
brought about by vigorous agitation coalesce, 
producing at first small granules and then larger 
aggregates, which, if churnmg is continued, 
collect together into one mass. Farm chummg 
was at one time almost generally earned to this 
final stage, but the difficulty of washing or work- 
ing out enclosed buttermilk from such a mass 
has led to improved methods. 

A chnm is so constructed that by means of 
various devices such as eccentnc rotatory motion 
and the provision of obstacles within the chum, 
the liquid undergoes violent shaking and 
beating. After operating for a brief penod, 
air and gases are liberated through a vent, 
and the churning continued until a change 
manifests itself within the chum by the increas- 
ing load on its movement, more power befog 
necessary to continue the churning ; by a change 
in the sound of the splash ; and by the dearuig 
of the cream from the spy -glass of the chum. 
This change is known as the “ commg *’ of the 


butter, and generally takes place in nomal 
conditions about 35 to 50 minutes from thr 
commencement of churning. When the butt« 
aggregates have attained a size that will enatle 
them to be strained from the non-fatty serum or 
buttermilk the latter is ran off. The granules 
are then sprayed with water which is allowed 
to dram away, or the churn is closed, water 
added, and the whole agitated to remove a 
much as possible of the adhenng serum. The 
washing water is drained away, and the butter 
worked into a uniform mass either within the 
chnm or on a table. 

If a heavily salted butter is being made, the 
salt IS added at this stage and worked thoroughlj 
into the butter; in the case of a lightly salted 
butter with less than about 2% of salt, it u 
preferable to add the salt as a brme solution 
while tho butter is in the granulated state. 

Various views are held as to the causes for the 
change m milk fat during churning. The earlier 
theories of a protective membrane round each 
globule and its rupture in churning are still held 
by some but in a modified form. Rahn (Milch. 
Forseb 1926, 3, 512) states that each globule 
of fat is surrounded by a thin layer of protein. 
Fischer and Hooker (“ Fats and Fatty Degenera 
tion,” Wiley, 1917) suggest an emulsion theory, 
in milk and cream, fat constitutes the dtspenw 
phase, and skim-milk or hydrated colloid emul 
Sion the continuous phase; in butter these 

f ibases are reversed. The permanence of the 
at globules as mdividual units is attnbuted to 
surface tension, and to adsorption on the 
globular surface of some of the constituents of 
sksm.milk, and possibly also to viscosity of nulL 
Rogers and associates (” Fundamestale of 
Dairy Science,” Reinhold Publishing Corpn, 
1935} suggest that the contmued agitation of 
cream at favourable ternwratures results in the 
initiation and growth of clomps of fat, and 
when the ratio of surface area of clumps to cubic 
content becomes relatively small the emulaioD 
breaks and the fat gathers in a plastic mass 
(butter). The fat phase is. however, not 
continuous m a strict sense but exists in form of 
globules. 

I Possibly something in each of these theoncs is 
necessary to the solatioa of the problem 
Churning ruptures any adsorbed or viscous 
layer on the surface of the fat globules enablmg 
them to coalesce and form a more or less sobd 
mass of butter fat into which have been emul- 
sified email divided droplets of hydrated colloid 
(buttermilk). Rogers and others (2 c.) si^cs^ 
that the constancy of ratio of water to fat >“ 
butters churned under identical conmtioDS 
mdicates that there is a definite surfree relation- 
ship between water droplets and fat globules. 

Composition of Buttes. _ 

Butter consists mainly of fatty glycendM 
derived from nulk and usually spoken ot » 

“ butter fat ” or ” milk fat,” together wtB 
water, and small quantities of proteins, jactee 
and mineral matter, classed together as 
In addition, butter contains certam 
natural colour, and some other ® j 
assomted with the fat. Butter as sold nsu J 
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contains added colouring matter, and salt butter 
contains added common salt. 

Tbe following table summarises some of the 
numerous results giving the average percentage 
composition of butter according to various 
authorities (Elsdon, “ Edible Oils and Eats,” 
Benn, London, 1926, 433). 



Storch. 




From 

From 

Mitchell. 

Parry. 


fresh 

ripened 



■ 

cream. 

cream. 



Fat 

83-75 

82-97 

84-87 

86-8 

Water . 

13-03 

13-78 

12-14 

12-0 

Protein. . . 

0-64 

0-84 

0-75 

0-5 

Lactose 

0-35 

0-39 

— 

0-45 

Ash 

0-14 

0-16 

0-60 

0-25 

Salt . . . 

2-09 

1-86 

— 

— 

Lactic acid 



0-50 



1. Water. — The quantity of water in butter 
depends upon various details within the control 
of the manufacturer, and it has therefore 
become necessary in this as in other countries to 
fix maximum limits for water. The basis for 
the limit adopted in this country was the 
inquiry made by the Departmental Committee 
on Butter Regulations (Report, 1903) which 
considered that it was not necessary for well- 
made butter, excluding Irish Salt Firkin butter, 
to contain more than 16%. The usual range of 
water since the limit was fixed is from 12 to 
15%. 

2. Butter fat. — ^This is the chief constituent 
of butter, being present in unsalted butter 
prepared for sale in this country to the extent 
of 83 to 85%. On gently heating butter, the 
fat melts and separates from the aqueous curdy 
matter. After allowing the water and curd to 
settle, the fatty layer is passed through a dry 
filter paper using a hot funnel, and the fat 
obtained as a clear oil, usually of a yellow colour, 
but sometimes almost colourless, setting to a 
granular crystalline mass. This fat consists of 
gtycerides of fatty acids, together with the 
characteristic fat-soluble vitamins A and D, 
the natural or added colouring matter of the 


butter, and some unsaponifiable matter, e.g. 
cholesterol associated with the fat. 

Composition of the Fat.— The glycerides of 
butter fat contain all the saturated fatty acids 
of even number of carbon atoms from to Cj 3 
(but 3 rric, caproic, caprylic, capric, lauric, 
myristic, palmitic, stearic) as well as the 
unsaturated Cjg acid (oleic). In addition to 
these w'eU-recognised constituents, other acids 
have been recorded as being present. Brorvne 
(J. Amer. Chem. Soc. 1899, 21, 613) recorded the 
presence of dihydroxystearic acid ; Hilditch 
and Jones (Analyst, 1929, 54, 73) conclude that 
butter fat contains small quantities of the Cjq 
saturated acid (arachidic), as well as linoleic acid 
and possibly traces of linolenic acid; Ekstein 
(J. Biol. Chem. 1933, 103, 135) also finds 
linoleic and linolenic acids ; and Bosworth and 
Brown (ihid. 1933, 103, 115) have identified in 
butter fat the saturated acids (lignoceric, 
behenic) and unsaturated acids (decenoic, tetra- 
decenoic). Bosworth and Helz (J. Biol. Chem. 
1935, 112, 489) find monohydroxypalmitic 
acid, and (ihid. 1936, 116, 203) cerotic acid in 
butter fat. 

The proportions in which the acids exist as 
glycerides in the fat have frequently been the 
subject of inquiry. (For the earlier work on 
this part of the subject, see Hehner and Angell, 
“ Butter : its Analysis and Adulterations,” 
Churchill, 1877 ; Bell, “ Chemistry of Foods,” 
Chapman and Hall, 1883 ; and Browne, 
J. Amer. Chem. Soo. 1899, 21, 807), 

Crowther and Hynd (Biochem. J. 1917, 11, 
139), and Holland and others ( J. Agric. Res. 1916, 
101; ibid. 1918, 719; ibid. 1923, 365) effected 
separation of the fatty acids by esterification 
and fractional distillation. Hilditch and Jones 
(Analyst, 1929, 54, 75) removed the lower fatty 
acids and fractionated them by distillation as 
free acids, and separated the non-volatile acids into 
two groups, by moans of the soluble and insoluble 
lead salts respectively. The acids recovered 
from these two groups were converted into 
methyl esters and fractionally separated. The 
results have been substantiated by Hilditch 
and Sleightholme (Biochem. J. 1930, 24, 1105) 
I and by Dean and Hilditch (ibid. 1933, 27, 889). 
j The results are given below, as weight per- 
1 centages on the separated fatty acids : 
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Exammation into the manner in Tvbich the 
fatu acids are linked with glycerol was earned 
out by Caldwell and Hurtley (J C.S. 1909, 69, 
853), who distilled in vacuo both tbeglycendes 
and the acids. They conclude there is no tn* 
hutyrm and probably no triolein present. 
Amberger (Z. Nahr. Genussm. 1918, 35, 313) 
isolated 2 4% of triolem, hut no tnbutyiin. 
Hilditch and Jones (Ic.) conclude from their, 
study of the component glycerides that about 
30% of the glycerides contain fully saturated 
acids of the complex mixed type, the remainder 
consislmg of mixed glyeendes of saturated and 
unsaturated acids : there is probably little tri- 
olein. 

The results of Hilditch and Jones confirm the 
conclusions of Amp (Analyst, 1928, 53, 641), 
who separated butter fat mto Tanoua fractions 
by appropriate crystalhsation and determined 
the usual constants on the fractions. 

The composition of butter fat is affected by a 
number of factors, e g the food of the cow, 
particularly special foods ; the period of lacta 
tion, that IS, the time elapsed since calving; 
concLtions under which the cow has been kept, 
such as change from summer to winter housing, 
and the reverse ; the breed of cow ; the age of 
the cow. A great many observations have been 
made and the original pubhcations should be 
consulted. 

Bartbcl and Zouden (Z Nahr. Genussm. 1914, 
27, 439] show the effect of feeding with coconut 
cake and beetroot leaves ; Cranfield and Taylor 
(Analyst, 1916, 40, 433) linseed cake and hemp, 
seed cake, and (liid. 1916, 41, 240} dried yeast 
and cotton meal; Cranfield (iM. 1916, 41 , 
336) ground nut cake and decorticated cotton 
cake; Eccles and Palmer (Missouri Agric Exp. 
Sta. Res. Bull. 1916, 27) cotton seed products , 
Bengtsson (Z. Nahr. Genussm. 1922, 44. 326) 
babassu fodder ; Holland and others (J. Agnc. 


Bes. 1923, 24, 365) various fatty foods ; Chaaaop, 
Drummond, and Golding (Analyst, 1924, 49 ' 
311) various oils; and Hilditch and Sleight- 
holme (Biochem, J. 1930, 24, 109S) the eSect 
duetochanges inseasonal and feeding conditions 
Brownlee (Proc. Roy. Soc. Dublin, 1925, 18, 49) 
has demonstrated the abnormal character of 
Irish winter butter, and Amp (Analyst.*1929, 
54, 634) gives the results of the anahsis of 
Irish creamery butter in the winters of 1927-8 
and 1928-9. Hilditch and Thompson (Biochem 
J. 1936, 30, 677) have investigated the effect 
of some ingested fatty oils upon the character 
of the butter glycerides ; and Hilditch (Analyst, 
1937, 62, 250) gives a review of the rninnf 
component acids in butter fat, and their possible 
significance. 

Butyric acid is the constituent of the fat by 
which the fluctuation may be most readily 
ascertamed. In spring and summer the pro 
portion is highest, and ordinarily lowest in 
autumn and winter, due to changes in housing 
and food, and also to period of lactation. The 
accurate estimation of the absolute amount of 
butyric acid is a lengthy process and an empirical 
method has been generally adopted (im 
E xamination of Butter fat). 

Butter fat has d%l 0 910-0 913 (Thorpe. 
J.C.S. 1904, 85, 249) ; the reading with the 
Zeiss butyro refractometer at 45^ is usually 
between 38 and 42 , the Koettstorfer number, or 
saponification value, i e. the quantity of potash 
expressed in ng. required to saponify 1 g. of fat, 
IS on the average between 220 and 232 S. 
All these values bear a close relationship to one 
another, and to the Reichert number, as will be 
eeen by the following table (Thorpe, l.c.) which 
also gives the percentages of soluble and 
insoluble acids, and the mean molecular weight 
of the latter : 


No of 
lamplea 

Relctiert- 

SvoUny 

cumber 

Socclflc gravity 
at 37 8' 

SsponlOca- 
tloD value 

Zeiss at 45'. 

Soluble 
acids, % oa 
fat 

Insoluble 
acids, % OQ 
fat. 

Mean mole- 
cular weight 
of Insoluble 

r 




42'lJ 

4-J 

9vr 

ilVsT 

17 

23 5 

0 9104 

221-3 

41 5 

4-5 

89-7 

265 5 

15 

24-5 

0 9108 

223 3 

41-5 

47 

89 4 

265 0 

27 

25 5 

09110 

223 4 

41-3 

4-8 

89 3 

264 2 

37 

26 5 

0 9113 

225 3 

41 0 

4-9 

68 9 

2619 

61 

27-5 

0 9114 

226 7 

40 6 

62 

88-7 

2617 

78 

28 5 

09118 

228 3 

40 1 

5-4 

88 4 

260 9 

50 

29 5 

0-9120 

229-9 

40-1 

56 

88 3 

259 6 

41 

30 5 

0 9123 

231-4 

39-9 

5-S 

87-9 

2601 

18 

31-3 

0 9125 

232 2 

397 

6-7 

87 9 

258 0 

10 

357 

32 6 


232 6 

39-4 

60 

87 7 

237 8 


The iodine value indicates the proportion of 
unsatorated acids, essentially oleic and Imoleic, 
in the fat, and is closely related to the con- 
sistency of the butter. Like the values given 
in the above table, it b subject to seasonal 
variations. Kilde and Wmther (klilch Forseb. 
1930, 10, Heft 3, 223) found the values to vary 
from 29 9 for Danish winter butter to 41-4 for 


summer butter; and Haglund, Wode and 
Olsson (Bull. 387 (1030) Centrabnstalten) 

similarly found 31 to 40 for Swedish butter 
Arup (Analyst, 1932, 67, 610) found rather 1«» 
▼anation in Irish butter. Here again, the 
lactation period and winter feeding . v 
results. It is of advantage to maintain a higl> 
iodine value, and thus reduce the firmnesa ol 
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butter in the winter months, by feeding with 
suitable oilcakes. This matter received the 
special attention of the International Dairy 
Congress in Copenhagen in 1931. 

Arup {l.c.) has used the thiocyanogen process 
described by Kaufmann (Analyst, 1926, 51, 
157) for determining the linoleic content of 
butter fat, and it would appear from his results 
that the linoleic value does not undergo the same 
variation as the oleic. 

Dean and Hilditch (Biochem. J. 1933, 27, 
S89) find that there is an abrupt increase in the 
proportion of unsaturated acids as indicated by 
the iodine value on putting cows to grass in the 
spring. The iodine value appears also to increase 
with the age of the cow. 

The unsaponifiable matter of the fat has been 
determined by Boemer (Z. Nahr. Genussm. 1898, 
2, 81) and Kirsten {ibid. 1902, 5, 833) who 
found from 0-31 to 0-43%. It contains chole- 
sterol, as distinct from phytosterol, which is 
present in many vegetable oils. 

3. Curd . — The total amount of curd in well- 
made butter is about 1%. The Government 
Laborato^ (J. Board of Agric. 1912, 19, 750) 
found in imported butter 0-4 to 1-86%, average 
T04%. In 366 samples only 11 contained more 
than 1'5%. Butter from factories in Great 
Britain ranged from 0-34 to 1'86%. 

The curd consists mainly of casein. Rich- 
mond (Analyst, 1906, 31, 178) found 0-38% 
average, and 0-5% maximum. Van Slyke and 
Hart (Amer. Chem. J. 1905, 33, 461) state 
that when cream contains more than 0-5% 
of lactic acid — a quantity exceptionally high 
for churning — the casein is present as casein 
lactate, but in butter made from sweet cream, as 
calcium casein. 

The amount of lactose in the curd is very small, 
usually less than 0-2%, since lactose is soluble 
in water and is largely removed by efficient, 
washing. 

The mineral matter, exclusive of added salt, is 
derived from the buttermillc enclosed in the 
butter mass, and from any salts of casein adher- 
ing to the fat, together with traces from any 
hard water used for washing the butter. The 
total amount is usually below 0'1%. 

4. Colour. — The natural colour of butter is 
due to carotene, xanthophyll, and probably some 
other carotenoid bodies. These pigments are 
synthesised by plants but not by higher animals. 
Hence -the colour of butter arises from the food 
of the cow. Other mammalian milk fat is 
mainly colourless. 

Carotene is capable of conversion into vitamin 
A, and hence the natural colour of butter may 
afford a guide, although not complete, to the 
vitamin A content of butter. 

Butter is usually artificially coloured in order 
to produce regularly an article of the same 
standard tint. Various coal tar and vegetable 
colours are used for this purpose, but by the 
Public Health Regulations (l.c.) certain colours 
are not allowed to be used. 

5. Aroma and Flavour. — The characteristic 
odour of butter was at one time considered to be 
duo to small amounts of free fatty acids and to 
traces of glycerides of fatty acids lower than 
butjTic. Recent work, however, shows that the 


odour is connected with the presence of di- 
acetyl. Niel, Kluyver and Derx (Biochem. Z. 
1929, 210, 234) and Schmalfuss and Barthmeyer 
{ibid. 1929, 216, 330) found diacetyl; Davies 
(Food Manuf. 1933, 8, 346) and Barnicoat 
(Analyst, 1935, 60, 653) give methods for its 
detection and determination. 

Davies (l.c.) suggests that acetyl methyl 
carbinol, a metabolic product of many types of 
micro-organisms, arises in the ripening of 
cream, and that this is oxidised by air and 
free oleic acid during churning and the early 
stages of storage, to diacetyl. In some cases, 
however, the oxidation may proceed too far, 
and may be connected with the causes which 
lead to butter from ripened cream having inferior 
keeping qualities compared with butter from 
sweet cream. 

Synthetic diacetyl is a greenish-yellow liquid 
with the characteristic butter odour, and 
incorporated into flavourless butter in very 
minute proportions is capable of imparting 
butter flavour and odour. 

The Chief Medical Officer of the Ministry of 
Health (Annual Report, 1932) states that the 
best dairy butter may contain about 0-0005% 
of diacetyl, to which the aroma is due, and 
that a solution of synthetic diacetyl is used to 
impart aroma to butter deficient in this quality. 
He also points out that since diacetyl has 
definite oxidising action on fats, it may have 
destructive action on vitamin A. 

Wildman (J. Assoc. OS’. Agric. Ghem. 1937, 
20, 93) describes a method for the determination 
t of mould in butter. 

I Vitamins in Buttee. 

Butter fat is a valuable source of vitamins 
A and D ; and the literature on investiga- 
tions into the causes which influence their con- 
tent and variation in butter is extensive and 
constantly increasing. The total vitamin A 
value of a butter is derived from vitamin A 
already existing in the butter and carotene 
which is converted in the body into vitamin A ; 
but there is no constant relation between the two 
sources, and oiving to the general use of artificial 
colouring any guide that the natural colour might 
afford as to the amount of vitamin A is lost. 

Both vitamin A and carotene readily undergo 
changes on oxidation, so that the physiological 
value of butter may be seriously impaired if the 
cream, before churning, or the butter is subjected 
to any treatment involving action of air or other 
substance conducive to oxidising action, such 
as removing bad odour or rancidity by blowing 
air through cream or melted butter fat as in 
butter renovation {see Drummond and others, 
i Biochem. J. 1921, 15, 540). 

I The vitamin A content is influenced by climatic 
and_ housing conditions, and especially by 
feeding. Booth and others (Biochem. J. 1933, 
27, 1189) state that the total vitamin A activity 
of summer butter from Shorthorn cows appears 
to be three times greater than that of winter 
butter, and that the fraction of total activity 
due to carotene is greater in summer. GiUam 
and others (Biochem. J. 1933, 27, 878) show 
that butter from cows fed on normal winter 
rations — ^hay and concentrates — falls in colour 
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and vitamin A values and remains at a low 
level till cows go to pasturage, when there is a 
rapid nse. If, however, the cows are fed on 
artidciallv dried grass, the colour and vitamm A 
contents increase rapidly, more cspcciaDy when 
the grass during growth has been treatra with 
nitrogen fertihser. They found ordinary grass 
silage to be httle superior to hay. 

Watson and others (Biochcm. J. 1934, 28, 
1076) found a large increase in both values on 
adding to dried grass a special fodder prepared 
on the ensilage plan by treating grass with 
dilute mineral acid, and storing without access 
of air. 

Booth, Kon and GiUam (Biochem. J. 1934, 
28, 2169) found that there was no difference in 
vitamin A activity of the batters obtained from 
the two breeds of cows, Shorthorn and Guernsey, 
kept through three seasons under similar 
conditions. The relative contributions of caro- 
tene and pre-formed vitamm A varied con- 
siderably, although the total of the two might be 
the same. They also compare the growth- 
producing activity of vitamm A with that of 
carotene. Baumann and others (J Biol. Chem 
1934, 105, 167) also record the effects of breed 
and diet on vitamm A and carotene content of 
butter. Coward and Morgan (Brit. Med. J 
1035, l&ll) give the values m mtemational 
unite for vitamins A and D m butter; and 
Morgan and Pntebard (Analyst, 1937, 62, 354) 
record the average vitamins A and D potency of 
butter. Qdlamandothere (Biochem J.1936,30, 
1728) give a senes of results of the deterramation 
of vitamm A and carotene cotitcots of butter fat 
from cows of vanoue breeds covering eummer 
and winter periods with regard to diet and stage 
of lactation. 

The uiduetLce of maize, cottonseed meal, 
pasturage and silage m varying conditions of 
frediug has also been recorded by Fraps and 
Treiciuer (Ind. Eng. Chem. 1933, 24, 1079) 
Baumann and Stcenbock (J. Biol Chem. 1933, 
101, 547) state that there is no loss of either 
vitamin A or carotene from storage of butter 
for BIX months at 0°. 

Butter fat also contains the anti rachitic 
w’>.!WiiimU.,w;binh.>a.6:5X'3iR!l0vnn.v.'gw’i<vnl.'iAK7. 
foodstuffs containing it are exposed to aunhght. j 
Drummond (Roy. Soc. Arts. Cantor Lectures, I 
1933, 19) states that pasture, eaten while fresh | 
from exposure to the sun’s rays, may supply 
vitamin D. and “ to some extent this ex|>lains 
the rise in the calcifying value of milk which 
occurs when cows arc out on pasture in summer.” 
Gillam and others (l.c.) record the presence of 
ergosterol in the unsaponifiable matter of grass. 
Kon and Booth (Biochem. J. 1033, 27, 1302) 
suggest that there is a chemic.'il difference 
between the anti-rachitic factor of bntter and 
those of cod bver oil and irradiated ergosteroL 

Butter fat also contams a small quantity of 
vitamin £ (Drummond, I e.). 

Analysis op Buxteb. 

The analysis of butter comprises: (1) the 
determination of the amounts of water, &t, 
curd and salt ; (2) the examination of the fat 
to ascertain whether it is milk-fat only; and 
(3) special tests for the presence of preserva- 


tives. prohibited colouring matters and olber 
substances foreign to butter. 

The ordinary examination does not at present 
include a determination of vitamin activity. 
For this, if required, references are given below! 

Puparation of Sample . — A quantity of not 
less than 60 g. is placed in a bottle with wido 
mouth, and the bottle is closed securely with 
screw cap or glass stopper. It is then heated at a 
temperature of about 50* until the butter fat 
has melted, when it is vigorously shaken to 
emulsify thoroughly the fat and water. The 
shaking is continue during cooling, until the 
hotter has practically set. 

WaUr . — From 5 to Og. of the prepared simple 
are weighed into a flat-bottomed dish containing 
a glass rod with flattened end. The dish u 
heated on a steam-bath for an hour with 
frequent stirring of the butter, after which it u 
cooled and weighed. The beating is repeated 
until the weight is constant. The operation 
may be greatly accelerated where many teats 
have to be made by using aluminium dishes 
heated on an aluminium plate adjusted to a 
temperature of 100® to 105°. 

Fat . — The water-free residue in the dish u 
then extracted repeatedly with ether, the 
ethereal solution filtered through a dried and 
weighed filter paper, and both dish and paper 
washed with ether until free from fat. The 
residue on the paper and in the dish is the 
curd and salt m the quantity of butter takea 

The weight of fat may be found by difference, 
or It may be ascertained directly, in this case, 
the ethereal solution u filtered into a small flask, 
the ether distilled off, and the residue in the flaik 
dned to constant weight. 

Curd and SaU.—\a the case of butter &ee 
from salt, the curd is the residue not solahls la 
etber contained on the paper and in the dish 
after the foregoing operation. It may also 
contain all or somo portion of the preservative 
if such is found to be present. 

In the case of salt butler, the dish and paper 
after weighing are extracted with hot water, and 
the solution titrated with standard silver nitrate 
solution to obtain the weight of common salt. 

'Vi»xRnub'ws!«,'ifihi%h,T«rii*ATmi5 
to ascertain by direct estimation of the profemi 
and lactose whether mtlk products, such as 
dried skim milk,' have been added. For this 
purpose a larger quantity of butter, about 60 g , 
should ho taken, dned, and extracted with 
ether; and tlic residue used for the dctermina- 
tion either of protein by the Kjeldahl procew 
or of lactose by Fehling’s solution. If botk 
determinations are to be made, the residue u 
washed into a beaker with water, acidified with 
acetic acid, and the protein precipitated by 
careful addition of Fehhng’s copper sulphate 
solution. This precipitate is filtered on a 
weighed paper, dried, and weighed and ashed 
Its weight after deducting the ash=the protein- 
Tho filtrate is made up to 100 ml , and an ahquot 
portion taken for lactose determination. 

Examination of Butter fat . — The emulsified 
butter remaining in the bottle after removal ol 
the quantity for determination of water and 
curd, IS again melted, the water allowed to 
settle, and the clear fat poured through a dry 



BUTTER. 


165 


paper, to obtain fat for examination aa to 
purity. 

The distinctive feature of the glycerides of 
butter fat is the presence of a considerable 
proportion of butyric acid, which is volatile and 
soluble in water. In this respect butter fat 
differs from most other known edible oils and 
fats. It also contains a small quantity of the 
next higher homologues of butyric acid : these 
also are volatile but much less soluble in water. 
A few vegetable oils such as coconut and palm 
kernel also contain some of these volatile, in- 
soluble acids, but the main body of edible oils 
and fata, both animal and vegetable, and 
hydrogenated fats, capable of use as adulterants 
of butter, such as refined lard, beef fat, hardened 
oils, have practically no volatile acids. Hence 
the addition to butter fat of this latter class of 
fats simply reduces the proportion of volatile 
acids in the mixture, but the addition of the 
coconut and palm kernel class, while reducing 
the volatile soluble acids, increases the volatile 
insoluble acids. 

The method employed for determining the 
proportion of volatile soluble acids was first 
suggested by Reichert (Z. anal. Chem. 1879, 
18, 68), modified by Meissl (J.C.S. 1880, A, 828), 
and by Wollny (ifii'd. 1888, A, 200) ; and is now 
variously known as the Reichert-Meissl or 
Rcichert-WoUny process. It was adopted by a 
Committee, consisting of the Government 
Chemist and the Society of Public Analj’sts, for 
ascertaining the amount of butter fat in 
margarine (Analyst, 1900, 25, 39), and is now 
used with some modifications for the examination 
of butter fat for purity. To it has been added 
the Polenske process (Z. Nahr. Genussm. 1904, 
26, 273) by which a value of the insoluble 
volatile acids is obtained. 

In an inquiry carried out by the Committee 
on Butter Regulations it was shown that the 
figure for normal butter by this empirical 
method fell between 24 and 32, and the Com- 
mittee recommended a presumptive minimum 
standard of 24 (Report, Cd. 1749, 18). This 
figure has, however, not been adopted by 
regulation. While a low Reichert number may 
be obtained from genuine butter in certain 
circumstances, a similar result may also be 
obtained from a mixture of butter, with a 
naturally high number, and other fat free from 
butyric acid. To meet this natural variation 
in genuine butter, and to prove in suspected 
cases that the butter though having a low 
Reichert number is genuine, the Netherlands 
Government has instituted a system of butter 
control, under which the associated creameries 
are under inspection, and the Reichert numbers 
of the butter produced therein regularly 
ascertained. Consignments from the creameries 
bear distinctive labels, so that the Reichert 
number of a sample taken in commerce can be 
compared with those of the butter produced in 
the factory of origin. 

It is essential in using the method that the 
exact conditions should be carried out in every 
detail ; otherwise the results obtained by various 
workers are not comparable. Revis and Bolton 
(Analyst, 1911, 36, 335) give the method as 
follows : 


5 g. of fat and 20 g. of glycerol are rvieighed 
into a 300 ml. flask, and 2 inl. of 50% NaOH 
solution added. The flask is heated over a 
flame with constant shaking imtil the contents 
clear suddenly ; the soap is then cooled, 100 ml. 
of recently boiled-out water added, and the 
soap dissolved; OT g. of powdered pumice 
sieved through butter muslin is added, and then 
40 ml. of sulphuric acid solution (20 to 25 ml. 
of strong H2SO4 diluted to 1,000 ml. and the 
solution adjusted so that 35 ml. neutralise 
2 ml. of NaOH solution). The flask is at 
once connected with the condenser and heated 
with a small flame until the insoluble acids are 
completely melted ; the flame is then increased 
and 110 ml. dis4lled in 19 to 21 minutes. 
The temperature of the condenser water should 
be from 18° to 20°C. and the dimensions of 
the apparatus are to be the same as given by 
Polenske. When 110 ml. have distilled, the 
flame is removed, and a 25 ml. cylinder is placed 
under the condenser to catch any drops. The 
110 ml. flask and contents are stood in water 
at 10° to 15°G. for 15 minutes. After mixing, 
the contents of the 110 ml. flask are 

N 

filtered and 100 ml. titrated with baryta, 

using 0-6 ml. of a 1% solution of phenolphthalein 
as indicator. The number of ml. required for 
neutralisation increased by one-tenth after 
subtraction of the blank (which must be deter- 
mined in an exactly similar way, by using all 
the reagents except the fat) is the Meichert- 
Meissl value. The condenser, cylinder, and 
110 ml. receiver are washed with 18 ml. of 
cold water, which are then poured onto the filter 
already used and the filtrate rejected. The 
condenser is then washed out with four successive 
portions of 10 ml. of neutral alcohol, wUch are 
received in the cyh’nder and poured over 
the filter into the 110 ml. flask, the mixed 

alcohol solutions being then titrated with — 

baryta, using phenolphthalein as indicator. A 
blank value is obtained in a similar way. The 
N 

number of ml. of baryta used, less the 

number used for the blank, is the Polenske 
value. 

Revis and Bolton (Z.c.) put forward the 
following table as a guide to the relationship 
between the Reichert-Meissl and Polenske values 
in genuine butter. 

Reichert-Meissl values. Polenske values. 


32 

3-5 

31 

3-2 

30 

30 

29 

2-9 

28 

2-7 

27 

2-4 

26 

2-0 

25 

1-8 

24 

1-7 

23 

1-6 


It must, however, be understood that many 
other results have been obtained by various 
observers, and should be examined before con- 
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demning a butter which does not conform to 
these limits. 

Richmond and Hall (JSC.I. 1920, 39, 80T) 
pomt out that the time of distillation ahoold be 
stnctly adhered to, and Bolton, Richmond and 
Revis (Analyst, 1912, 37, 185) draw attention 
to the position of the hole in the etiD head. 
The size and quantity of the pumice is also 
important. Kirkham has studied the effect of 
atmospheric pressure during distiUationfAnalyst, 

1920, 45, 293). Cocks and Ntghting^e {tbtd 
1928, 63, 322) show the need of precautions to be 
taken to prerent sulphuric acid entering the 
distillate. 

Another useful value which may be obtained 
in connection with the above is that due to 
Kirschner (Z. Nahr. Genuasm. 1905, 10, 265), 
This 18 based on the aolubihty of silver butyrate, 
the silver salts of the higher homologues being 
practically insoluble. Revu and Bolton (l,e.) 
proceed as follows : 

To the 100 ml. of the 100 ml. distilled and 
titrated with baiyta (care having been taken 
not to exceed the neutral point] is added 0 5 g. 
of finely powdered silver sulphate, and the whole 
allowed to stand for an hour with occasional 
shaking. The liquid is then filtered. 100 ml 
measured ofi, 35 ml, of water, and 10 ml. of 
snlphuric acid (as previously employed) adde^ 
together with a long piece of alumuiium wire, 
end 110 ml. agam ^stilled o9 in the standard 
Beichert-Boleoske apparatus in 20 minutes; 
100 ml. are titrated, and the number of ml. so 
obtained, corrected for tbe blank, is calculated 
to the Kirschner value by the following formula : 
„ ^.. 121x(100+Y ) 

10.000 

where X^tbe corrected Kirschner titration; 

Y=the number of ml of baryta used to 
neutralise 100 mb of the R. M. 
distillate. 

Since the Kirschner value is practically that of 
butyric acid, after removal from the Reichert- 
Heissl value of the influence of partly soluble 
higher homologues, it is lower compared with tbe 
corresponding Polenske value than the ongmal 
Rcichert-SIeissI value. Thus butters with a 
range of 1'6 to 3 2 Polenske values would have 
Kirschner values of 20 to 26, and Reichert- 
Meissl values of 23 to 32. Cranfield (Analyst, 
1915, 40, 440) gives the Reichert, Kirschner and 
Polenske values for a number of individual but 
ters. A number of determinations have been 
made of the eScct upon the Bcichert, Kirschner 
and Polenske numbers by admixture of butter 
with various proportions of coconut oil and 
palm kernel oil (see Elsdon and Smith, Analyst, 
1925, 50, 53; ibid. 1920, 51, 73; Revis and 
Bolton, l.c. ; Bolton, Richmond and Revis, 
Analyst, 1912, 37, 183). 

_ Other analytical methods used m the examina- 
tion of butter fat are those of Shrewsbuiy and 
Knapp (Analyst, 1910, 35. 383); Caldwell and 
Hartley (ifiid. 1909. 34, 274) ; Fendler (Z. Xahr. 
Genussm. 1910, 19, 544); and Ate Lallemant 
(i5ii. 1907, 14, 317). Tlib last method, which 
depends upon the respective soluhiLties of the 
barium salts of the fatty acids, has received 
some attention, particularly in the evamioation 


of ghee (see Bolton and Revis — Allen’s “ Com 
mercial Organic Analysis,” 5th ed , 1924 \oL 
n, p.381). 

Bhchfeldt (J.S.C.I. 1919, 38. 150T) has intro 
duced a modified Kirschner process, and ttui 
again has been modified by Gilmour (Analirt, 
1920,.45, 2). ^ 

Thi foregoing tests are based upon the disturb- 
ance by adulterants of tbe ratio existing m 
normal butter between soluble and insoluble 
acida,aod volatde and non- volatile acids If this 
ratio is abnormal, other values are also aSected, 
for example, the saponification and iodine values, 
the Zeiss number, and the specific gravity 
These regular constants must, therefore, be deter 
mined by the usual methods of fat analysis and 
the r^ulta carefully studied. Tbe question oi the 
influence of feeding, housing, climatic conditions, 
period of lactation, must also be considered. 

Additional physical methods which may be of 
value are the Valenta test and the Cnsmer 
test . 

Valenia Test . — 3 c.c. of fat are dissolved by 
warming in an equal volume ofglacial acetic acid, 
and then allowed to cool while being stirred with 
a thermometer. Immediately a turbidity u 
noticed, the temperature is read. A mcxMca 
tioiv introduced by Jean is to measure the 
volume of acid dissolved m tbe fat at S0°. 
(For recent investigation of factors affecting the 
Valenta test, su Yryet and Weston, Analyit, 
1918, 43, 3.) 

Cntmer Test.— 0 5 c.c., of melted fat and I c.c 
I of absolute alcohol are placed in a tube fitted 
I with cork and thermometer, tbe bulb of which 


dips into the liquid. The tube is gently heated 
inside a larger tube until the liquid becomes 
bomc^eneous. It is then allowed to cool, esd 


This point u tbe critical temperature of dis 
solution (Corner, Analyst, 1897, S2, 71) 
Vandam has shown how the alcohol used in tbe 
test may be standardised by means of petcoleum 
spuit (Ann. Falsif. 1919, 2M). 

In some cases it may be possible to obtain 
direct evidence of the presence of fat foreign to 
butler by the application of specific tests It 
however, the test is negative, it may not be 
conclusive evidence of the absence of a particulsf 
oil or class of oils. Certain specific tests depe^ 
upon the presence in the oil of a body associated 
naturally with it, but which may have been 
removed by the purification necessary to male 
the oil suitable for admixture with butter 
In the case of a positive result, confirmation 
I must be obtained from other tests, such as the 
I chemical and physical constants, since particnlsr 
j feeding may have caused the reacting substance 
! to pass into the milk. . 

1. The Phijlosterd Test for the Presence cj 
Vegetable Oil . — The original test of Borneo 
(Z. Kalrr. Genussm. 1901, 4. 1070) has been 
much improved by the use of digilouin as pre- 
cipitating agent (see Steuart, Analyst, 1923, 
and ilore, ibid. 1929, 54, 735). More* 
method is as follows ; , 

Saponify, usuio' reflux condenser, 15 g- ® 
filtered fat with 9 5 ml. of KOH solotitjn 
<1,000 g. of KOH m 1,400 ml. of water) anu 
20 ml. of alcohol (9G%) in a 300 ml. conii^ 
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flnsk. Shake while warm until the fat is 
dissolved, and heat further for half an hour. 
Cool, add 60 ml. of water and 180 ml. of alcohol 
(96%), mix, and add 10 to 20 ml. of digitonin 
solution (1% of Merck’s digitonin in 96% 
alcohol). Allow the mixture to stand for 24 
hours in a cool place and filter on Buchner 
funnel with a closely fitting paper. Wash with 
a small amount of alcohol to remove soap. 
The digitonin-sterol compound flakes off on 
drying. Weigh the steride and acetylate it with 
fen times its weight of acetic anhydride. 

The mixed acetates obtained as above, or by 
Bomer’s original process, are dissolved in 
alcohol, the solution evaporated carefully, the 
acetates crystallised, and the m.p. of the 
separated crystals taken. The crystallisation is 
repeated several times, and the 'm.p. taken each 
time. 

The test depends upon the diflierence in m.p. 
of the cholesteryl acetate obtained from butter 
and other animal fats, and the phytosteryl and 
allied steryl acetates from vegetable oils. The 
former melts at 113-5° to 114'5°; the latter 
melt at some point above 125°. If the butter is 
pure the m.p. should not exceed 115°; slight 
increases above 115° may arise from feeding on 
coconut cake, but if the m.p. is above 116°, 
added vegetable fat is indicated, and should be 
reflected in the numbers for the analytical con- 
stants. 

2. Hinks's Test for Coconut Fat (Analyst, 
1907, 32, 160). — 5 nal. of butter fat are dissolved 
in' 10 ml. of ether in a tube, and the tube packed 
in ice for half an hour. The solution is then 
rapidly filtered, the ether evaporated from the 
filtrate and the residual fat ^ssolved in 96% 
alcohol. The solution is gradually cooled, 
and then maintained at 5° for 15 minutes, when 
it is rapidly filtered, and the filtrate cooled to 0°. 
The deposit separating at this temperature is 
examined on a cold microscopic slide under a 
power of from 250 to 300. Butter fat yields a 
deposit of round granular masses ; coconut fat, 
fine needle-shaped crystals, and mixtures of 
butter and coconut fat, fine feathery crystals 
attached to the granular butter masses. The test 
is capable of detecting 5% of coconut fat in 
butter, but the presence of other fat — notably 
lard — interferes somewhat with the test. 

3. Badouin Test for Sesame Oil . — 5 ml. of 
butter fat are mixed in a tube rvith 6 ml. of HCI 
(sp.gr. 1-19) and 0-1 ml. of a 2% furfural solution. 
The mixture is well-shaken and allowed to stand. 
In presence of sesame oil the aqueous layer 
which separates is of a reddish colour. Butter 
coloured uith certain aniline dyes gives a pink 
to violet coloration with hydrochloric acid, 
and in such a case the acid and fat mixture must 
be heated until colourless before addition of 
furfural. 

4. Halphen Test for Cottonseed Oil . — 5 ml. of 
butter fat are dissolved in 5 ml. of amyl alcohol, 
1 ml. of a solution of sulphur in carbon disulphide 
is added, and the mixture heated for 20 minutes 
at 105° in a brine bath. A red coloration is 
produced in presence of cotton-seed oil. 

The substances giving rise to the reactions in 
both Badouin and Halphen tests are affected 
by processes of oil purification or by hydrogena- 


tion. Furthermore, a positive reaction may arise 
from feeding with cake containing sesame or 
cotton-seed oil. 

Colouring 3Iatters . — ^It is unlikely that metallic 
colouring bodies wiU be present. If suspected 
the usual tests for metals must be applied. 

The prohibited organic colours are gamboge, 
and the five coal tar dyes already cited (p. 159). 
Mcholls (Analyst, 1927, 52, 585, and ibid. 1929, 
54, 335) points out that all these colours are of an 
acidic character, and may be removed from 
methylated ether solution, or in the case of 
aurantia from a mixed light petroleum and 
methylated ether solution, by means of alkali. 
For this purpose make an ammoniacal extract 
by shaking an ethereal solution of the fat ■with 
water and dilute ammonia. To the ammoniacal 
extract add one drop of methyl orange, neutralise 
with acid, then make acid ■to about NjlOQ to 
W/50. Extract the acid solution with methy- 
lated ether, transferring the ether to a separating 
funnel. Extract this with successive quantities 
of 5 to 10 ml. of approximately A/100 sodium 
hydroxide. Then add an equal quantity of 
light petroleum to the methylated ether and 
again extract with dilute caustic soda. 

If there is no colour in the alkaline extract, 
all the prohibited dyes are absent. In presence of 
a colour the scheme of NichoUs (l.c.) should be 
followed. 

If it is desired to ascertain what vegetable or 
other organic dye has been employed for 
colouring butter, the scheme given by Bolton and 
Revis (Allen’s “Commercial Organic Analysis,” 
5th ed., vol. II, 1924, 405) may be followed. 

Examination for Preservatives. — The use 
of preservatives, other than common salt, in 
butter is prohibited in this country. The testa 
given below relate to preservatives formerly 
employed, but there is also a possibility of the use 
of other substances not in the list. 

1. Place 5 or 10 g. of butter in a separating 
funnel, add sufficient chloroform to take the fat 
into solution, and then 25 ml. of water rendered 
slightly alkaline with NjlO soda, and shake 
gently. Allow to settle. The aqueous extract 
may be used for the following qualitative 
tests: 

(а) Boric Acid . — ^Run 1 ml. of the extract into 
a porcelain dish, add a drop of hydrochloric acid, 
and 10 drops of turmeric solution. Evaporate 
to dryness. In the presence of 0-02% of 
boric acid a purple-red colour develops, changed 
to indigo by a drop of strong ammonia. For 
quantitative determination of boric acid, see 
Bolton and Revis (Allen’s “ Commercial Organic 
Analysis,” 6th ed., vol. II, p. 409). 

(б) P-Naphthol . — To a little of the extract 
add an emulsion of diazotised naphthionic acid, 
^-naphthol gives immediately a crimson colour. 

(c) Cinnamic Acid. — Oxi^e a few ml. of the 
extract with chromic acid. On cooling there is 
an odour of benzaldehyde if cinnamic acid were 
present. 

(d) Fluoride . — ^Evaporate 10 ml. of the extract 
in a platinum crucible, incinerate the residue, and 
heat with strong sulphuric acid, covering the 
crucible with a watch-glass coated with wax 
through which a design has been scratched. In 
presence of fluoride the glass will be etched. 
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2. Benzoic and Sahcyiic idcirfj.—MLt 10 g. 
of butter with alcohol acidified with sulphuno 
acid, and heat at b p. for half an hour. Cool 
and transfer the alcoholic solution to a separator. 
Dilute with water and extract with ether. Then 
extract the ethereal solution with dilate 
ammonia. 

(o) Render just acid a few ml. of the extract 
and add a drop of ferrio chloride solution. A 
violet coloration indicates sahcyhc acid. 

(6) Evaporate a portion of the extract to 
dryness in a porcelain dish, just acidify with 
acetic acid, and add a drop of feme chloride 
solution. Benzoic acid gives a huff coloured 
precipitate. Tor the estimation of benzoie 
and sahcjlic acid, set Nicholls, Analyst, 1928, 
53, 19 Ilhng{i6id 1932, 57, 224)giTesMohler’a 
test for benzoic acid, as applied both quahta- 
ti\ ely and quantitatively. 

The determination of benzoic acid in foods is 
dealt with by Monier-Williams (Mm. of Health 
Report No 30) 

IMernnnalien of ri^nwins. — Tho recorded 
results have been mainly obtained by biological 
experiments. Wokes and WiUimott (Bioehem. 

J 1927, 21, 419) and Drummond and Ililditch 
(Empire Marketing Board, Report 35, 1930) 
put forward a chemlcal-colonmetnc teat for 
vitamin A, but this can only be appbed with 
colourless butter, since carotenoids give the same 
reaction Heilbron and Morton (Biochem. J. 
1930, 24, 870) suggest a epectrograpbic method 
for both vitamin A and carotene. 

Ferguson and Bishop (Analyst, 1936, 61, 517) 
describe a method for estimation of carotene m 
butter. 

The vitamin D content of a substance is 
estimated by comparison with that of a par 
ticular preparation of irradiated engosterol, 
issued by the National Institute for Medical 
Rc*earch, os a standard of reference. 

General.— Stokoe (JS.CI. 1921, 40. 75T) 
has investigated the production of rancidity in 
butter. Browne (Ind. Eng. Chem. 1925, 17. 44) 
gives results of examination of butters kept 
for lengthy periods ; EUdon, Taylor, and 
Smith (Analyst, 1931, 56, 515) and Amp (i6>rf. 
1V29, 54, 73b') give the Tteicbert, "Kirsclmcr and 
Polenske values of rancid butters. Rogers 
and associates (“ Fundamentals of Dairy 
Science,” Reinhold Publishing Corpn. 1935) 
point out the influence of small quantities of 
metals, and the Lpolytic action of carelessly 
made starters. 

Minster (Analyst, 1932, 57, 016) has loveati- 
gated the keeping quahties of unsalted butter. 

Kreis’ reaction as carried out by Kerr (Ind. 
Eng. Chem. 1918, 10, 471) is a chemical rnc.-ins 
for comparing rancidities. Waters and Ztim 
(Z. Unters. Lebensm. 1935, 70, 353; 1936, 
72, 140) use the peroxidase reaction as a means 
of testing whether butter has been made from 
pasteunsed or unpasteurised cream. 

The National Physical Laboratory (Report, 
1931) has investigated the effects produced by 
working butter, and by prolonged storage, at 
temperatures below and near freezing.poin^ 
and also the relative spreadability of butter. 
Amp (Analyst, 1932, 57, 300) gives results of 
examination of samples of bog butter (fu)' 


recently discovered, and information relating tu 
the practice of preserving or storing butter* by 
burying it. 

Bdtter Fat feou Milk or Other Miwmiti, 

(o) From Prepared Butter . — ^Tbe butters pte 
par^ from the milk of goats and sheep by tbs 
ordinary churning process has been examined 
and the results given by Knowles and Urquhart 
(Analyst, 1924, 49, 509) and Statbopoolo 
(J. Pharm. Chim. 1933, 125, 287), The latter 
states that the butters were very rich in vitamin 
A. 

(6) From Oliet(Indtan) orSamiui (EgypUan) — 
The method of preparation of these fats may 
affect their composition especially as regards tho 
proportionof volatile acids. The milk is churned 
by shaking in skins (Egypt) or beating with 
split bamboos (India). In Egypt the separated 
butter fat or “ zibda " is collected from the 
small producers in the villages by tlie samna 
makers, and heated \n large pans to get the tlear, 
melted fat which is marketed as “samna" 
In India the butter fat, collected from the 
churning, is heated at once, when a clear, melted 
fat m sweet condition is obtained, or, as u 
frequently tho case, it is allowed to stand until 
somewhat rancid before being heated. 

Bhattacbarya and Hilditch (Analyst, 1931. 56, 
161) have investigated the composition of the 
glycerides of bufl^o ghee and cow ghee. Othot 
results of gheo and samna of various origin- 
buffalo, sheep, goat — are recorded by Atkinson 
(Analyst. 1928, 63, 520), Tnmen (iJti. 1013, 88, 
242), Chose (ibid. 1920, 45. 444), and Bolton and 
Revis (Allen’s ‘‘Commercial Organic Analysis,” 
6tbed., 1924, vol. 11,431). 6- 8- 

BUTTER, MINERAL. A term formerly 
appbed to several of the metallic chlorides, e j 
enfondes of antiraonj’, tin, bismuth, zinc, etc. 

BUTTER NUTS v. Botter, VEOEims. 

BUTTER, VEGETABLE. Atermep^bd 
to any greasy fat of vegetable origin which 
possesses a consistency resciobhng that of 
butter or lard. ‘‘ Shea butter ” (from Bulyro- 
tpermum Parkit), ‘‘illipe butter” (from Bmho 
Ivngijdta L , cf. Bassia Fats), ” nutmeg butter 
(from nutmegs) may be cited among Vi* 
industrial fats, whilst the edible vegetable butters 
(frequently termed “ nut butters ”) include 
shea butter, cacao butter, refined coconut and 
palm kernel oils, etc. The “ butter- or tallow- 
tree” of Sierra Leone is Penlaiesma bufyroeeii 
Sabine, from the seeds of which “ kanya butter 
IS obtained. Bassia buiyraeea Roxb. is occa 
sionally known as the “ Indian butter tree («e 
PAuhaim Butter, BassU Fats). Seeds im- 
ported into Europe from Brazil under the name 
of "butter nuts" are derived from Caryocar 
tomenlosum WiUd. (C. bulyrosum WiUd.) and 
are the source of the fat known as “ souari- or 
” sawarri fat." , 

BUTTGENBACHITE. a rare nitrate 
nuneral, 

2CuCIj-Cu(NO5)j-16Cu(OH)j,4H,0, 

forming a felt of sky blue hexagonal needlei 
reaembLng connellite, 

2CuClj-CuSO,-19Cu{OH)j. 
with which it is isomorphoua. It occurs wd 
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copper ores in Katanga, Belgian Congo (A. 
Schoep, Compt. rend. 1925, 181, 421 j H. Butt- 
genbach, Ann. Soc. Geol. Belg. 1926, 50, Bull. 
35). L. J. S. 

button lac. Shellac melted under boil- 
ing Tcater and solidided in round flat pieces. 

-BUTYL, C4H0. — There are four isomeric 
univalent radicals of this name and formula, 
as shown in the following mono-derivatives : 

(1) CHj’CHj-CHj-CHjX, normal, (n-). 

(2) CHg-CHj-CHX'CHa, secondary, (sec-). 

(3) (CH3)2CH-CH2 X(jso). 

(4) (CHgigCX, tertiary, (terl-). 

Butyl Cojifounds. 

Butyl Alcohols, C^Hg-OH. — All the fomr 
isomers are known. 

Various general methods have been described 
for the purification of the alcohols obtained in the 
crude state. Among these are the separation 
with high-boiling mineral oil followed by frac- 
tionation of the non-aqueous layer (Canad. P. 
257760). Orton and Jones (J.C.S. 1919, 115, 
1194) describe a method for purifying n-butyl 
alcohol using the sodium salt of the salicylate. 

Verley (Bull. Soc. chim. 1928, [iv], 43, 469) 
has suggested a method of quantitative deter- 
mination by acetylation with acetic anhydride 
and acetyl chloride in the presence of pyridine. 
The water content of commercial butanols may 
readily be determined by the method of Spiers 
(J.S.C.I. 1924, 43, 251T) by distillation with’a 
know’n excess of benzene and weighing the 
fraction collected up to 100°. Hannotte (Bull. 
Soc. chim. Belg. 1926, 35, 86) has studied the 
characteristics of various azeotropic mixtures 
of the alcohols and esters. 

Colour reactions of the various isomerides 
have been investigated by Ekkert (Pharm. 
Zentr. 1928, 69, 289) using furfural in the 
presence of sulphuric acid and by Weber and 
Koch (Chem.-Ztg. 1933, 57, 73) using the 
Beckmann mixture. The -p-nilrobenzoales have 
been examined by Henstock (J.C.S. 1933, 216) 
and appear to be suitable for purposes of 
identification. 

Refractometrio and other data are recorded 
by Brunei, Crenshaw, and Tobin (J. Amer. 
Chem. Soc. 1921, 43, 561) and by Munch (ibid. 
1926, 48, 994). 

The oxidation of the alcohols at elevated 
temperatures in the presence of various catalysts 
has been investigated by Rubinstein and others 
(J. Appl. Chem. Russia, 1933, 6, 278) and also 
by Simington and Adkins (J. Amcr. Chem. Soc. 
1928, 50, 1449). 

1. Normal butyl alcohol: butanol; propyl 
carbinol, CHg-CHj-CHj-CHo-OH ; b.p. 117-42° 
(corr.) (Thorpe and Rodger, Phil. Trans. 1894, 
185, ii, .536); 117-71° (Brunei, Crenshaw, and 
Tobin, J. Amer. Chem. Soc. 1921, 43, 661) ; 
sp.gr. 0°=0-8233, 20°=0-8109, 40°=0-7994 

98-7°=0-7738 (Lieben and Rossi, Annalen, 1871, 
158,154); 20°/4°=0-8099 ; 7ij,= 1 -39909 (Bruhl, 
ibid. 1880, 203, 16). Has been found in the 
heavy oil of a faulty brandy to the e.-ctent of 
49%, Is not formed in the fermentation of 
sugar produced by elliptical yeast (Claudon and 


Morin, J.C.S. 1887, 52, 714). Is produced by the 
action of sodium amalgam upon butyryl chloride 
and butyric acid (SaytzefF, Z. Chem. 1870, 108; 
Linnemann, Annalen, 1872, 161, 178). Also by 
the fermentation of glycerol fay Bacillus butylicus 
and certain other bacteria in a suitable medium, 
the yield amounts to 9% of the glycerol 
used. Butyric acid and a little ethyl alcohol are 
also formed (Fitz, Ber. 1876, 9, 1348 ,- Vigna, 
Ber. 1883, 16, 1438). Is also produced by the 
action of nascent hydrogen (iron and acetic 
acid) upon orotonaldehyde and triohloro- 
butaldehyde (Lieben and Zeisel, Monatsh. 
1880, 1, 825, 842), and by the catalytic hydro- 
genation of crotonaldehyde (B.P. 147118). 

Commercial production of »-butyl alcohol and 
acetone by a bacterial fermentation of potato 
starch was first carried out by Strange and 
Graham working Fembach’s process at Eainham 
and King’s Lynn in 1913. Weizmann’s process 
(B.P. 4845) in which maize starch was fer- 
mented by a different bacillus was substituted 
j for the first process in 1916 and subsequently 
developed on a large scale by the Commercial 
Solvents Corporation of Maryland, U.S.A. 
From 1919 onwards, success depended on the 
sale of n-butyl alcohol for conversion into its 
acetate used in nitrocellulose lacquers, so called 
cellulose finishes, for motor cars. The American 
manufacture is described by Gabriel (Ind. 
Eng. Chem. 1928, 20, 1063) and by Gabriel and 
Crawford (ibid. 1930, 22, 1163). Fermenters 
holding 42,000 gallons of maize starch paste are 
inoculated with about 800 gallons of bacterial 
culture and fermented at 36° for 2 to 3 days. 
The Uquid products, n-butyl alcohol, acetone, 
and ethyl alcohol, are recovered in the pro- 
portion of 6 : 3 : 1. A commercial quality of 
w-butyl alcohol used in nitro-ceUulose solutions 
is defined by B.S.S. 308/1933. 

Workman and Osbum (J. Bact. 1931, 21, 20) 
have suggested the foUow-ing method of deter- 
mining the proportion of alcohols present in 
the fermentation mixture. The aldehydic 
and ketonic constituents of the mixture ate 
precipitated as their 2:4-dinitrophenylhydra- 
zones. The alcohols are distilled from the mix- 
ture and oxidised by a chromic-phosphoric acid 
mixture. The acids may then be either titrated 
or determined by partition using isopropyl ether. 
The same authors give an alternative method 
(Analyst, 1934, 59, 319) in which the acetone is 
determined iodometrically and the alcohols 
determined according to tables which are given. 

Properties . — Colourless liquid, soluble in 12 
parts of water, from wliich solution it can be 
separated by means of calcium chloride. Soluble 
in concentrated hydrochloric acid ; is readOy 
oxidised to butyric acid. Fused zinc chloride 
abstracts water, and yields )3-but3dene and 
smaller amounts of normal butylene (Le Bel 
and Greene, Amer. Chem. J. 1880-1881, 2, 
24). 

Bromine acting on n-butyl alcohol yields, 
with some difficulty, mono-brombutaldehyde, 
b.p. 235° (Etard, Compt. rend. 1892, 114, 753). 
The action of aluminium amalgam on the butyl 
alcohols, producing aluminium alkoxides, has 
been studied by Tistshenko (J.C.S. 1899, 76, 
1,408; 1900, 78, i. 269). 
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Chlorination of n butyl alcohol in dif 
daylight at higher temperatures gives a mixture 
including some 60-70% of dichlorbutaldehyde- 
dibutyl acetal, b.p. 138“-140713 mm. At lower 
temperatures the mono chloro derivative pre- 
dominates (Gault and Guillemet, Compt. rend 
1922,175, 367, EuU Soc chim. 1923, 33, 1792). 

The foUowing eetera of n butyl alcohol have 
been prepared: phospktte (alcohol-}- phosphorus 
trichloride), bp. 122'’-123712 mm (Milobedzki 
and Sachnowaki, Chemifc Polski, 1917, 15, 34); 
hypochloTtlt (Chattaway and Backeberg, J C S 
1923, 123, 2999); Utanate (alcohol-}-titanium 
tetrachloride), bp. 185®— 187716 mm. (Biachoff 
and Adkins, J. Amer. Chem. Soc. 1924, 46, 256) ; 
boTate. b p 190“/220 mm. (U S P. 1668797) and 
«ilica?c(alcohol-t-8ilicontctrachlonde), bp 160®- 
]05®/20 mm. (Dcanng and Reid, J. Amer. 
Chem Soc. 1928, 60, 3058) The p-njtroftenryl- 
pJithalate, m.p. 62°, may be used for purposes 
ofidentification(Reid, J. Amer Chem Soc. 1917, 
39, 1249): phlhalate, bp 325°, from butjl 
alcohol and phthahc anhydride in the presence 
of sulphuric acid (U.S P. 1864893). For the 
technically important n-buiyl autale, see Vol. I, 
p.56, andB.SS 551/1034. 

2. ISO Bttlyl alcohol, isopropyl earbind, 
a-hydroryP- methylpropane, 

(CHj)jCHCH,OH. 

bp. 108 4®(LinnemanD, Annalen, 1891,160.238), 
1Q7-5® at 756 mm., Michael and Zeidler (Annalen, 
1912, 893, 81), 107 6’ (corr.), Thorpe and Rodger 
(Phil. Trans. 1894, 185. A, 538) ; 107-9® (Brunei 
et al., I c.) ; sp gr. 0-7265 at 100 6®/4® (Schtfi, 
Annalen, 1883. 220, 102), 0 8168 at 0® (L.). 

0 8069 at 16®/15®. 0 8008 at 25*/25® (Perkin. 

J.C.S. 1884, 408} : sp. heata0-68C ; molecular 

rotation~4 936 at 17 7° (Perkin, l.e.); n”* 

1 13968 (Landolt and Jahn, Z. phyeikal. Chem. 
1892, 10, 317). Spgr. of aqueous solutions 
(Duclaux, Ann. Chim. Phya. 1878, [v], 13, 91) : 

“uI-”]” »» « “30 0 9315 0-9875 

Occurs in fusel oil from potatoes and beet 
(Wurtz, Ann. Chim. Phye. ISM, [iiil.42, 129), and 
combined with angelic and tsobutyric acids in 
Roman oil of chamomile (Fittig and K6big, 
Annalen, 1879, 195, 96). 

Preparation . — By the action of sodium 
amalgam and water upon ^-chlorowobutylalcohol, 
which results from the action of hypochlorous 
acid upon isobutylene (Butlerow, Annalen, 1867, 
144, 24). Is formed in small quantity by the 
action of elliptical yeast upon sugar or glycerol 
(Claudon and hlonn, Compt. rend. 1887, 104, . 
1187); by the reduction of isobntaldebyde 
mth sodium amalgam (Linnemann and Zotta, 
Annalen, 1872, 162, 11). 

Properiiea.— Colourless liquid, soluble in 
10 5 parts of water, from which calcium chloride 
causes it to separate. Smells like fusel oil. 
Is oxidised by chromic acid into tsohutyric add, 
acetic acid, carbon dioxide, acetone, and other 
products (Kramer, Eer. 1874, 7, 252; Schmitt, 
tbid. 8, 1361). On distillation with zinc dust it 


loses the elements of water and yields isobutvlena 
(Jahn, ibid. 1880, 13, 989). 

Treated with iodine and aluminium, alumimum 
trusobutoxide Al(C4HgO)3 is formed, a liquid 
which may be distilled in vacuo (Glad 
stone and Tribe, J.C.S. 1881, 39, 6j Tist- 
abenko, le). 

/sobutyl alcohol may be catalytically oxidised 
to tsobutaldehyde A yield of 50% is obtamed 
when the vapour of the alcohol mired with air 
u passed over uarm freshly reduced copper 
spirals and the products collected (E. Orloff 
JSC.I. 1908, 27, 957). 

When chlorine is passed into dry wohutjl 
alcohol, and the solution subsequently heated 
gently, the product can be separated into two 
fractions, bp. 80°-100° and 170°-250° respec. 
tively. The lower fraction consists oichlorom 
bulaUekyde, bp 90°-91°; d” 1-186. It com 
bines with sodium hydrogen sulphite, and 
when oxidised with alkabne permanganate 
yields acetone and hjdroxyiaobutyric acid, 
Me^CiOHlCOgH, m p. 78°. A termolecular 
polymeride, Cj^HjiCIgOg. which melts at 107°, 
is obtained by shaking with strong sulphuric 
acid (A. Brochet, Compt. rend 1892, 114, 
1538). If the alcohol is kept cold, the chief 
product is a^-dicMorombutyl isobulyl elhtr, 
CMCjCI CHCI O CHj-CHMe,, bp. 1825°/ 
760 mm, d” 1 031. Water ts without action 
oo this product at low temperatures, but at 100° 

E roduces hydrogen chloride and a chloroiM- 
utaldehydeanddiisobutylmonochloroKobutjral 

CMe,Cl-CH(OC*Hg)j. b.p. 218% dV 09355 
(A. Brochet, Compt. rend. 1894, 118, 1280 1 set 
also Brochet, Bull. Soc. chim. 1896, [m], 15, 19; 
ibid. 20). 

When chlorine is led Into hot tsobutvl alcohol, 
fjobutyl chloroiaobutjTate, iaobutylep-dichloro* 
•sobutj'rate, mono- and dichlorotsobutaldehyde, 
isobutync acid, oxyisobutync acid, .crotomc 
acid, CO, CO| and methyl chloride are 
produced. Treating aqueous laobutyl alcohol 
with chlorine water produces isobutync acid, 
and isobutyl a-chloroisobutyrate (Brochet, Ann 
Chim. Phys. 1897, [vu], 10, 363). 

/jjobutyl alcohol, when acted on By bromine, 
readily yields isobutyl bromide, mixed mth 
Mobutyi taobutyrate, and bromoisobutaldehyde 

(fitaid, Compt. rend. 1892, 114, 753). 

Kutzelnigg (Z. anal. Chem. 1929, 77, 349) baa 
shown that isobutyl alcohol gives a characteristic 
orange colour with potassium ferrocyanide. 

(For combinations and derivatives of lao^iutyl 
alcohol, V. Gladstone and Tribe, J C.S. 1881, 89, 
6; Pierre and Puchot, Annalen, 1872, 163, 274; 
and Heindl, Monatsh. 1881, 2, 208.) 

3. Secondary butyl alcohol, 2 hydroxybutaM, 
methyl ethyl earbinol, 

H-0 H ; b.p. 99° at 733-8 mm. (Lieben, 
Aniwlen, 1869, 150, 114) ; 99 5® (Brunei el al ), 
sp gr. 0 827 at 0% 0-810 at 22® (L.). 

Formed by the action of water upon 
compound of zinc ethyl and aldehyde : 


the 


(Wagner, Annalen, 1876, 181, 201). Also by 
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acting upon secondary butyl iodide with silver 
acetate and saponifying the resulting acetate by 
means of potash, or by hydration of butenes in 
the presence of sulphuric acid, phosphoric acid, 
or benzenesulphonic acid. The crude product is 
separated bv fractionation (Canad. P. 202135 ; 
B.P. 161591'; U.S.P. 1408320). Normal butyl 
alcohol may be changed into the secondary 
alcohol ; the normal iodide is heated with 
potash, and the normal butylene so obtained on 
treatment with hydriodic acid yields secondary 
butyl iodide (Saytzeff, Z. anal. Chem. 1870, 9, 
327). It may also be prepared from the normal 
isomeride by treating n-butylamine with nitrous 
acid (Meyer, Ber. 1877, 10, 130 ; Kanonnikoff 
and Saytzeff, J.C.S. 1875, 28, 626). 

Properties, — ^Liquid, with strong odour ; upon 
oxidation yields methyl ethyl kgtone, and acetic 
acid (Kanonnikoff and Saytzeff, l.c.). Heated 
with a trace of hydrochloric, hydrobromic, or 
hydriodic acid, in a sealed tube, to 240°, yields 
CjHg (0-butylene). It has been separated into 
its optical antipodes by R. Meth (Ber. 1907, 40, 
695), through the brucine salts of the acid 
sulphate. Viditz has separated the optical 
isomerides through the brucine salts of the acid 
phthalate (Biochem. Z. 1933, 259, 294). d-sec- 
Butyl alcohol has [a]“-H3'87 (Pickard and 
Kenyon, J.C.S. 1913, 103, 1925). 

4. TeHiary butyl alcohol, trimethyl carbinol, 
(CH3)3C-0 H. a solid; m.p. 25-45° (De 
Forcrand, Compt. rend. 1903, 136, 1034) ; b.p. 
82-94° (corr.) (Linnemann, Annalen, 1872, 162, 
26) ; 81-5°-82‘’ (Perldn, J.C.S. 1884, 45, 408) ; 
82-25° (Thorpe and Rodger, Phil. Trans. 1894, 
A. 185, 539). Sp.gr. 0-7792 at 37° (L.) ; 0-7788 at 
30° (Butlerow, Annalen, 1872, 162, 229) ; 0-7864 
at20°/4°; 0-7802 at 26°/4°(Bruhl, Annalen, 1880, 
203, 17); 0-7836 at 25°/25°, 0-7761 at 35°/35°; 
mol. magn. rotation at 24-3°=5-122 (P.) ; 
Up 1-38779 (Bruhl) ; crit. temp.=234-9° 
(Pawlewski, Ber. 1883, 16, 2634). 

Formed from isobutyl iodide by treatment 
with acetic acid and silver oxide (Linnemann, l.c,; 
Butlerow, Annalen, 1873, 168, 143) ; also from 
isobutylamine by treatment with nitrous acid, 
and from isobutyl carbimide CON-C4Hg, by 
action of potash (Linnemann, Annalen, 1872, 
162, 12). Can be prepared by allowing 20 g. of 
tertiary butyl iodide and 50 g. of water to stand 
in contact for two or three days (Dobbin, J.C.S. 
1880, 37, 238). 

fsobutyl alcohol heated with excess of hydro- 
chloric acid yields a mixture of secondary and 
tertiary butyl chlorides, the latter only is hydro- 
lysed w-hen the mixture is heated with six 
volumes of water yielding the alcohol (Freund, 
J. pr. Chem. 1875, [ii], 12, 25). 

Properties . — ^Forms rhombic plates or prisms. 
Unites with water to form a liquid hydrate, 
2C4 Hi 50,H20 (b.p. 80°; sp.gr. 0-8276 at 0°) 
(Butlerow, Annalen, 1872, 162, 229 ; c/., how- 
ever, Young and Fortey, J.C.S. 1902, 81, 729). 

The existence of a hydrate, C4HioO,2H„0, 
m_-p- 0°, is established by cryoscopic, density, and 
viscosity determinations (Patemb and Slieli, 
Atti R. Accad. Lincei, 1907, (v), 16, ii, 153). 

In sunlight it combines with chlorine, forming 
tertiary butyl chloride and other substances 
(D’Otreppe, Jahrcsher. 1881, 512). 


Trimethyl carbinol explodes feebly when 
treated with bromine, yielding isobutylene 
bromide, C(CH3)2Br-CH2Br, boiling at 148° 
(Etard, Compt. rend. 1892, 114, 753). 

Tertiary butyl alcohol has a slightly narcotic 
action when taken internally, and is found in 
the urine in combination with gtycuronic acid 
(Thierfelder and v. Mering, Chem. Soc. Abstr. 
1885, i, 1002). 

Nitrohydroxybufanes may be obtained quanti- 
tatively as follows : By the action of nitro- 
methane on formaldehyde, in presence of a little 
potassium carbonate, tertiary nitrotrihydroxy- 
butane, 02N-C(CH2-OH)3, a white crystalline 
solid, melting at 158°-159°, is produced. Nitro- 
ethane produces tertiary nitrodihydroxyhutane, 
N02-C(CH3)(CH20H)2, melting at 139°-140°. 
Secondary nitropropane yields nitroisobutyl 
alcohol, N02-C(Me)2-CH20H, melting at 
82° (L. Henry, Compt. rend. 1895, 121, 210). 

Butyl Bromides, Tetiyl bromides, C4H5Br. 

1. Norinal butyl bromide, a-bromobutane, 

CH3-CH2-CH2-CH2Br; 
b.p. 99-88° (corr.) (Linnemann, Annalen, 1872, 
161, 193); sp.gr. 1-3050 at 0°, 1-2792 at 20°, 
1-2571 at 40° (Lieben and Rossi, ibid. 1871, 158, 
161). 

Formed from normal butyl alcohol and 
hydrobromic acid (L. and R. Taboury, Bull. 
Soc. chim. 1911 [iv], 9, 124). It is best pre- 
pared in quantity by treating a mixture of 
bromine (400 g.) and ice (425 g.) with sulphur 
dioxide until reduced and then adding n- butyl 
alcohol (296 g.) and cone, sulphuric acid (200 g.). 
The mixture is refluxed and the product 
fractionated (Kamm and Marvel, J. Amer. 
Chem. Soc. 1920, 42, 299). 

By the action of bromine, aj3-dibrombutane 
(b.p. 166°) is formed (Linnemann, Annalen, 
1872, 161, 190). 

2. isoButyl bromide, a-broino-^-methyl propane 

(CH3)2CH-CH2Br; b.p. 92-3° (corr.) (Linne- 
mann, ibid. 162, 34) ; c/. Perkin (J.C.S. 
1884, 45, 459): 91-7° (corr.) (Thorpe); 

sp.gr. 1-2038 at 16° (L.), 1-2722 at 15°/15°, 
1-2598 at 25°/25° (P.). Molecular rotation= 
8-003 at 16-2° (P.). From jsobutyl alcohol, 
bromine, and phosphorus (Wurtz, Annalen, 
1855, 93, 114). Unites with bromine at 160° 
to form C4H,Br3 (L.). Pure tsobutyl bromide is 
an unstable substance yielding the tertiary 
isomer when heated above the h.p. It yields a 
solid piperidide, m.p. 134°-135° (Powell and 
Dehn, J. Amer. Chem. Soc. 1917, 39, 1717). 

3. Tertiary butyl bromide, P-bromo-^-methyl 
propane, (CH3)3CBr; b.p. 72° at 761-5 mm. ; 
sp.gr. 1-215 at 20° (Roozeboom, Ber. 1881, 14, 
2396), 1-2020 at 15°/15°, 1-1892 at 25°/25° ; 
mol. magn.rotation=8-238 atl7-8°(P.). Formed 
when tsobutyl bromide is heated to 240° 
(Eltekow, Ber. 1875, 8, 1244). Also from tri- 
methyl carbinol and phosphorus pentabromide 
(Reboul, Jahresber. 1881, 409). May also be 
prepared by leading isobutylene into a solution 
of hydrobromic acid of sp.gr. 1-7 (Roozeboom, 
l.c.). Is readily decomposed at 300° into isobuty- 
lene and hydrobromic acid. IVater, in the 
cold, forms the alcohol. 

Tribromo-tert-butyl alcohol (brometone), 
C4HJOBP3, m.p. 107°— 176°, forms white 
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crystals, lias a camphor hkc taste and odour, is 
slowly Tolatde in air, and can be distilled with 
steam (Aldneb, J. Amer. Chem. Soc. 1911, 33. 
35C). for pharmacological properties, tte 
Houghton and Aldnch, Proc. Amer. PhysioL 
Soc. JD02. The alcohol may be estenfied by 
treatment with propionyl or butyiyl chlorides 
(Aldrich, J. Amer. Chem Soc. 1918, 40, 
194S) 

4. Stecndary bulyl bromiit, ^ brotnbutane, 
CH, CH, CHBr CH, ; h p. 90'‘-93‘‘ (V. Meyer 
and MriCer, J. pr. Chem 1802, [u], 46, 183); 
obtained from secondary butyl alcohol by the 
action of hydrobromic acid, and }ielda fiy- 
dibrorabutanc by warmirg with iron and 
bromine. 

For obserrations on the course of the intra 
molecular transformations of the butyl bromides 
and chlorides, tee ihchael and Leupold, Annalcn, 

1911, 379, 263; Michael and Zeidler, Annalen. 

1912, 393, 81 ; JLchael, Scharf and Voigt. 
J. Amer. Chem Soc. 1010,38, 653 FranLeand 
Dworrak (Slonatsh. 1923, 43,661) have prepared 
optically active tee -butyl bromide, b.p. 89“- 
91*5 

Butyl Chlorides. Tctrjl chlorides, C4H,CI. 

1. h'ormal butyl ehlondt, a-ehbyei^ttbitnt, 

CH,CHjCHjCH,CI. 

b p. "7 06* (corr ) (Lmnemann. Annalcn, 1872, 
161, 197), spgr. 09074 at 0*. 0 8874 at 20* 
(Lieben and Rossi, i5k/. 1871,168, IRI); 09074 
at 0* (L). Formed by the action of chlorine 
upon n-butane (Pclonte and Cahours, Jahresber. 
1863, 524), more easily by the action of 
hydrochloric acid upon n-butyl alcohol (Licben 
and Rossi). It is b^t prepared by refluxing a 
mixture of the alcohol nit h aqueous hjdroclilone 
acid in the presence of tine chloride. Tlie 
product IS refluxed with sulphuric acid to 
remove impurities and re-distilJed (Norris and 
Taylor, J. Amer. Chem. Soc. 1924 , 46, 753). 

2. isoBidyt ehlonde, methyl a-<hlorpropane, 
(CHj)|CH CHjCI ; bp. 63 5* (Linnemann, 
Annalen, 1872, 162, 17); C8 5*-09“ (Perkin, 
J.C.S. 1884, 45. 451); 69 02* (corr.) (Thorpe); 
sp gr. 0 87CS at 15* (L.), 0 8953 at 0*, 0-8651 at 
27-8*, 0 8281 at 59* (Pierre and Pochot, AnnaleD, 
1872. 163. 276). 0 8835 at 15715". 0 8739 at 
25725° (P.). Molecular rotation at 21-3°=6-I44 
(PerUn). Formed by the action of hydro- 
cb^ric acid or PCIj upon the alcohol (Wurtz, 
ibid. 1855, 93, 113). By the action of chlorine, 
hexachlorbutane is produced. 

isoButyl ehlonde is also produced by the 
interaction of chlorine and isoLutane in diffused 
sunlight (Mabcry and Hudson, Amer. Chem. J. 
1607,19,245): and alsobytreatiogisobutylaroine 
cooled to —15° with riitrosyl chloride (Soloiuna, 
Chem. Zentr. 1898, ii. 887). 

3. Tertiary butyl chloride, p-melhyU^-ehJorpro- 
pane (CH,),CCI; b.p. 51*-52" (Perkin, J.CS. 
1881. 45. 451) ; sp. pr. 0 8471 at 15*/J5*, 0-8368 
at 25°/25°; molecular rotation at I5*-»6-257 
(Perkin). 

Formed (1) by the chlorination of (ertlaiy 
butane (Butlerow) ; (2) by the action of iodine 
monochloride upon tsobutyl iodide (linnemann, 
Annalen. 1872, 162. 18); (3) by the action ofl 
hydrochloric acid upon isobutylene at 100° ' 


(Zalessky, Ber. 1872, 5, 4S0; I-c Bel, Bull Soc 
chim. 1677, [ii], 28, 462); (4) by saturating tn- 
methyl carbinol at 0" with hydrogen chloride 
(Schramm, Monatsh. 16SS, 9, 619). Set cIm 
“ Organic Syntheses,” Yol. ^^1I, p. 50. 

fert-Butyl chloride is abo formed by ths 
action of (*015 on tnmethyl carbinol (Jsnschen 
Lo, Chem. Zentr. 1897, ii, 334), and produced, 
together with isobutyl chloride, by the acbon 
of mtros)! chloride on tertiary bntylamine la 
xjiene solution at —15" to —20" (Salonina, iJid. 
1893.11, 883). 

fert-Butjl chloride, when heated with fire or 
six vois. of water to 100°, yields the alcohol 
(Butlerow, Annalen, 1867, 144, 33). Chlonne 
in diff^used daylight, in the cold, forma CiH-CI, 
(b p I06*-107"). CtH.CI, and CjHjCIj. whilst 
in direct sunlight C4H4CI1 (b.p. in partial 
vacuum about 115"), and other products srt 
formed (D'Otreppe de Bouvette, Jahresb. 18S2, 
411). 

4. Secondary butyl chloride, p-ehlorbulMt, 
CHj-CHj'CHCl-CHj, is produced by the 
action of nitrosyl chloride on secondary butjl- 
amine in xylene solution at —20* (Solomai, 
Chem Zentr. 1898, ii, 888). 

Butyl Cyanates. Only the iso ejanateshave 
been described. 

1. noSulyl isocyanate, isobutyl carbimide 
(CH,),CH CH,-NCO ; bp. 110°, obUined 
by the distilbtion of isobutyl iodide with iilrer 
cyanate and sand (Brauner, Ber. 1879, 12. 
1877). 

2 Tertiary bulyl isocyanate, 

(CHj)jC-NCO; 

b p. 85 5® (corr.) ; spgr. 0 8076 at 0°; renuJiu 
liquid at —25*. Is formed, together with ether 
substances, when silver cyanate acts upon iw* 
butyl iodide (Brauner. Ber. 1870, 12, 1874). By 
the action of hydrochloric acid, it yields tertiary 
buljlammc, (CH,)jC-NHj. potash prodocM 
symmetrical ^isobutyl urea, melting at 242°. 

Butyl Cyanides. C.Hi-CN. 

1. ormal bulyl eyantde,vaUron{tr{Ie, 

CHj-CHj-CHj-CH,-CN; 
b p. 140 4* at 739 3 mm. ; sp gr. 0 8IW at O' 
(Lieben and Rossi, Annal en, 1871, 153. HU- 
This may readily be prepared by treatag 
n-butyl bromide (1,575 g.) in 1,575 c.c. c tbtj 
alcohol (95%) with a solution of powdered 
sodium cjsmde (690 g.) in 690 c.c. 

The mixture is heated under reflux 
water bath and finally fractionated, xif’® 
720-726 g., b.p. 13SM4r (Adams and M»nek 
J. Amer. Chem. Boc. 1020, 42, 310). _ , 

On alkaline hydrolysis, valeric acid is ftro^ 
whilst hydrolysis with an acid in alconouc 
solution yieltls ethyl valerate. „ 

2. isoBu/yl cyanide (CHj),-CH CH| CN. 
b.p. 12G°-128° at 714 mm. (Erlenmcy« 
HeU, Annalen, 1871. 160, 266); 129 3®-l22 5 st 
7M 3 mm. (R. Schiff, Ber. 1886, 19, 567) f »P-P- 
0 8227 at 0°, 0 8069 at 20* (Erlcnraeyw 
HeU); 0 6921 at 129®/4* (S). Formed by Ue 
oxidation of gelatin (Schlieper, A*)Mlcn. 

59, 15) or casein (Guckelberger, i&M. 1^° 

70) with chromic acid; also by the 
PjOj upon ammonium wovalerate (1 >bd . 



BUTYL. 


173 


Malaguti/ and Leblanc, ibid. 1848, 64, 334). 
May be prepared by heating 300 g. isobutyl 
iodide, 98 g. of potassium cyanide, 98 g. of 
alcohol, and 25 g. of water for three days on the 
water-bath (Erlenmeyer and Hell, l.c.}. 

3. Tertiary butyl cyanide (CH3)3C-CN ; 
m.p. 15°-16°; b.p. 105°-106°. Prepared by 
mixing 100 parts of tertiary butyl iodide, 110 
parts of mercury potassium cyanide, with 75 
parts of tale, and allowing the mixture to remain 
for two or three days at a temperature not ex- 
ceeding 5°. The mass is then treated with water, 
and distilled on the paraflSn-bath (Butlerow, 
Annalen, 1873, 170, 154). 

4. Secondary butyl cyanide, methylethyl- 
acetonitrile, EtCHMe-CN; b.p. 125°; sp.gr. 
0'8061 at 0°. Sodium eqv.) is dissolved in 
propionitrile in benzene, and ethyl iodide (1 
eqv.) added (Hanriot and Bouveault, Bull. Soc. 
chim. 1889, [iii], 1, 172). 

Butyl Hydrides. Butanes, tetranes. 

1. Normal butane, diethyl, a-methylpropane, 

CHa-CHg-CHj-CHa; 

b.p. 1° (Butlerow, Z. Chem. 1867, 363) ; — 0-3°, 
Burrell and Robertson (J. Amer. Chem. 
Soc. 1915, 37, 2188); sp.gr. 0-60 at 0° 
(Ronalds, J.C.S. 1865, 18, 54). Critical temp. 
163‘2°; critical press. 35'67 atm. Occurs in crude 
petroleum (Ronalds, l.c.; Lefebvre,Z. Chem. 1869, 
185), and also in natural gas (Garner, Amer. 
Gas Eng. J. 1908, 108, 489). Formed by heating 
ethyl iodide with zinc to 150° (Frankland, 
Annalen, 1849, 71, 173; Schoyen, ibid. 1864, 
130, 233). Also by the action of sodium amalgam 
upon ethyl iodide (Lowig, Jahresb. 1860, 397). A 
colourless gas, insoluble in water, 1 vol, of 
alcohol at 14-2° and 744'8 mm. absorbs 18'13 
vols. of butane (Frankland). Liquid butane 
polymerises quantitatively to naphthenes in the 
presence of aluminium chloride (U.S.P. 
1395620). 

Butane has recently found application in the 
United States as a substitute for ammonia in 
refrigeration. It has the advantages of being 
non-poisonous and non-corrosive, although 
these are somewhat reduced by the hazard of 
fire (Edwards, Amer. Soc. Refirig. Eng. J. 1922, 
8, 488 ; Nuckolls, Amer. Chem. Abstr. 1925, 19, 
1777). 

2. hoBulane, Irimeihylmethane, (CHjljCH. 
Formed by heating 0-9 part of rsobutyl iodide 
with 2-4 parts of aluminium chloride to 120° 
in a sealed tube from which air is excluded 
(Kohnlein, Ber. 1883, 16, 562). Also by the 
action of zinc and water upon tert-butyl iodide 
(Butlerow, Annalen, 1867, 144, 10). The gas 
is readily soluble in alcohol, from which it can 
be expelled by dilution with water, b.p. — 13-4°; 
critical temp. 133-7°; critical press. 36-54 
atm. (Seibert and Burrell, J. Amer. Chem. Soc. 
1915, 37, 2691). Vapour pressure may be 
represented by the formula : 

log P=-1632-661;T-)-1-75 log T-0-0158873T 

-49-06814 

(Burrell and Robertson, ibid. 2482). 

CHj— CHj 

3. cycloButanc, telrameAhylcnc, 1 | 

CH„— CH, 

b.p. ll-I-2°/760 mm., cf" 0-703; Hj, *1-37520. 


The gas, which has a very faint odour, was 
prepared by passing eyeZobutene and hydrogen 
over nickel at 100°. It is not affected by cold 
H I or(K M n O 4 solutions. At 200° it is reduced to 
butane by hydrogen in the presence of nickel 
(Willstatter and Bruce, Ber, 1908, 40, 3979). 

Metallic Derivatives, Some work has 
been done on the preparation of the butyl 
derivatives of various metals. Lead tetra-iso- 
butyl, a liquid, is described by Griittner and 
Kranse (Ber. 1917, 50, 278), while di-n- and di-fso- 
butyl thaUic halides have been obtained by 
Kranse and Grosse (ibid. 1925, 58, [Bj, 1933) by 
treatment of the alkyl halide with an ethereal 
solution of the thaUic salt. 

Butyl Iodides. C4H9I. 

1. Normal butyl iodide, 

CHyCHg-CHa-CHal; 

b.p. 129-8° (corr.) (Linnemann, Annalen, 1872, 
161, 196) ; 130-4°-131-4° at 745-4 mm. (Briihl, 
ibid. 1880, 203, 21) ; sp.gr. 1-643 at 0°, 1-6136 at 
20° (Lieben and Rossi, ibid. 1871, 158, 163), 
1-6166 at 20°/4° (Briihl). Prepared from n-butyl 
alcohol and hydriodic acid (Linnemann, l.c.). 
Adams and Voorhees (J. Amer. Chem. Soc, 1919, 
41, 789) have developed a method of preparation 
suitable for large-scale work using the alcohol 
and iodine in the presence of a mixture of red 
and yeUow phosphorus. By the action of iodine 
tricUoride at 250° it yields hexachlorethane, 
CjClg (Kraft, Ber. 1877, 10, 806). 

2. isoButyl iodide, a-iodo-^-meihylpropane, 

(CH3)2-CH-CH2l ; 

b.p 120-0° (corr.) (Linnemann, Annalen, 1871, 
160, 240; 192, 69); 83°-83-25° at 250 mm. 
(Perkin, J.C.S. 1884, 45, 451) ; 119-94° (Thorpe 
and Rodger, PhH. Trans. 1894, A, 11, 470) ; 
sp.gr. 1-6401 at 0° (L.), 1-6066 at 20°/4° (Briihl, 
Annalen, 1880, 203, 21), 1-61386 at 15°/15°, 
1-60066 at 25°/26°(P.), 1-49975 (Karvonen, 

Ann. Acad. Sci. Fennicre, [A], 5, No. 6, 124). 
Prepared from isobutyl alcohol, phosphorus, and 
iodine (Wurtz, Annalen, 1855, 93, 116). 

3. Secondary butyl iodide, p-iodobutane, 

CjHg-CHI-CHg; 

b.p. 117°-118° (Luynes, Bull. Soc. chim. 1864, 
[ii], 2, 3) ; 119°-120° (Lieben, Annalen, 1869, 
150, 96) ,- sp.gr. 1-6263 at 0°/0°, 1-5952 at 20°/0°, 
1-5787 at 30°/0° (Lieben). Formed by distilling 
erythritol -with hydriodic acid (Luynes) or from 
n-butylenc and hydriodic acid (Wurtz, Annalen, 
1869, 152, 23). (See also Clarke, Chem. Zentr. 
1908, ii, 1015.) 

4. Tertiary buiyliodide, P-methyUp-iodopropane, 

(CHjljCI; b.p. 98°-99° (with decom.) (Butle- 
row) ; 100-3° (Puchot, Ann. Chim. Phys. 

1883, [v], 28, 546) ; sp.gr. 1-571 at 0°, 1-479 at 53° 
(P.). Prepared from tertiary butyl alcohol and 
hydriodic acid or from isobutylene and hydriodic 
acid (Butlerow, Annalen, 1867, 144, 5, 22) ; 
is easily decomposed (by silver oxide, potMh, or 
by heating with zinc and water), into hydriodic 
acid and isobutylene (Butlerow, Z. Chem. 1867, 
362).^ Is also decomposed by water in the cold, 
yielding hydriodic acid and tertiary buiyl 
alcohol. On heating with sodium, it yields a 
mixture of hydrogen, isobutylene, and triiso- 
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batyicne (C|{H.|) (Dobbin, J.CS. 1880, 37, 
236). 

Butyl Mercaptans. CjH/SH. 

1. Normal butyl mtreaptan, 

CHjCHj-CHj-CHjSH; 
bp OT’-OS”; spgr. 0 858 at 0* (Saytaeff and 
Grabowskj, Annakn, 1874, 171, 251; 1873, 
175. 351) 

2 \soBulyl mircaptan, 

(CHjljCH CHjSH, 

bp. 8S® ; spgr. 0 848 at 11-5® (Humann. 
Aimalen, 1835. 95, 25C), 0 83373 at 20”/4® 
(Nasini, Ber. 1882, 15, 2882). Esterification 
mth acetic acid at 200® reaches an eqnilibnum at 
a concentration of 12% ester (Faber and Reid, 
J. Amer. Chem Soc. 1917, 39, 1930). , 

3. Secondary butyl mercaptan, ' 

C,HsCH(SH)CHs; 

b p. 84®-S5® , ap gr. 0 8299 at 17® , from the 
corresponding iodide and alcoholic potassium 
hydrosulphide (Lerene and Mitesla, J. Biol 
Chem 1023, 63, 83) Oxidation aith mtnc 
acid yields the p aulphonic acid. The mercury 
compound (C.H,S)jHg melt3atlS9®(R^iuaRn, 
Ber 1874, 7, 1287) 

4. Tertiary butyl mercaptan, 

(CHj),CSH. 

IS prepared from tertiaiy butyl iodide, tine 
sulphide, and alcohol (Dobbin, J.CS 1890, 57, 
C41) It boils at 63 2®, and solidifies in a 

freezing mutnre. The metallic denratires are 
descHMd by Rhcinboldt e( a{. (J. pr Chem 
1932, [u], 134, 257) 

Butyl Nitrates. 

1. Normal butyl nitrate, 

CHj CHj-CHj CHj O NO,. 

boils at 136® , *p gr. 1 048 at 0® (Bertoni. 
Oazzetta, 1890, 20, 374). 

2 isoDulyl nitrate, (CH,),CH CH,-0*N0p 
mol magn rotation at 8 9®=5 18 ; bp. 123 5- 
124 5® ; sp gr. 1 0334 at 4"/4®, 10264 at 10®/10®. 

1 0124 at 25®/25® (Perkin, J.C.S 1889, 55, 684) ; 
Up* 1-40130 (Bruhl, Z pbysikal. Chem. 
1895, 16, 214) Prepared from silver nitrate, 
urea, and wobutyl iodide (^urtz, Annalen. 
1855, 93, 120; Chapman and Smith, Z. Chem. 
1869, 433). 

3. Secondary butyl nitrate bods at 124®; 
8p gr. 1-03S2 at 0® (Bertoni, Gazzetta, 1890, 20, 
375). 

Butyl Nitrites, Nitrobutanes, CfH^NO,. 

1. n-Butyl Nitrite, b.p. 75°-76®, has been pre- 
pared by Sugden, Reed and Wilkins (J.C S. 
1023, 127, 1525). 

2. UoButyl nitrite, (CHj)jCH-CH,-NO,; 
b.p, 67® ; 8p.gr. 0 89445 at 0® (Chapman and 
Smith, Z. Chem. 1869, 433). 0 8878 at 
4®/4®. 0 8806 at lO'/lO®, 0 8752 at 15®/15*, 0 8702 
at 20®/20®, 0 8652 at 25®/25® ; mol. magn. rotation 
at 8 2®=.5 61 (Perkin. J.C.S. 1889, 55, 686, 
757); n*JM-3715I (Bruhl, l.c.}. Prepared by 
mixing trobutyl alcohol and sulphuric add, 
and gradually pounng the cooled mixtnreinto an 
aqueous solution of sodium nitrite (1:3); the 


upper layer, consisting of wobutyl dtrite, is 
decanted, washed with potassium carbooatfl 
solution, and dried. It b a pale yellow liquid, 
apt to become acid by keeping when rapid 
decomposition sets in. Taken medicicaliy, it 
lowers the blood pressure and produces respira 
torv paralysis (Dunstan and Woolley, Pharm J 
1888-1889, [lii], 19, 487). 

3 Tertiary butyl nitrite, (CH,),C NO,- 
b.p. 63® ; sp gr. 0 8914 at 0® (Bertoni, Gazzetta 
1885, 15, 351); 67°-68° (Tschemiak, Annalea, 
1876, 180, 155). From the alcohol and glyceryl 
nitnte (B.) ; also from the iodide and sQrer 
nitnte (T.j. A yellow, mobfle liquid ; soluble 
in alcohol, ether and chloroform; sparingly 
soluble in water. 

Butyl Derivatives of Aromatic Nitro- 
hydrocarbons. 

The butyl derivatives of many aromatic nitro- 
hydrocarbons have a musk like odour, sod 
are sold as “ artificial musk,” J/ttsi Baur, tri 
nitro m fert-buty Uoluene, 

C,H(CHj){NOj),C(CH,),. 
b made by nitrating m tert-butyltoluene witb 
fuming nitnc and fuming sulphuric acids, lert- 
Butyltoluene is prepared by Friedel and Craft’i 
method!, as desenbed below, by the action of 
tert-butyl bromide on toluene in the presence of 
aluminjum clJonde Butylbenzene, rtbylheo- 
zene, and xylene are formed at the same time. 

An onsymmetrical butylcresol is formed 
by adding butyl alcohol and zinc chloride to 
m-cresol. 'l^en ctherified and nitrated, it 
possesses the odour of civet (A. Eaur, JSCI. 
1892, 11, 307; Dingl. poly. J. 1889, 273, 522; 
JJ5C-I. 1894, 13, 1218). 

Butylxylene may be prepared by passing s 
current of isobutylene gas through a muturs of 
6 kilos, m-xylene, 60 g. wobutyl chloride, sod 
200 g. aluminium chloride at 10®. The product 
b washed with water, and the fraction of tie 
oil boilmg at 200"-i02® collected. Gaseoof 
hy drogen chloride and hydrogen bromide may be 
employed to start the reaction (A.-G. fur Anilin- 
Fabr..F.P 372603). 

Butyl Ethers, (CjH,)*©. 

1. Normal butyl ether; b.p. 140 5® at 741 Smm. 
(Lieben and Bossi, Annalen, 1873, 165, 110), 
ep gr. 0 784 at 0®, 0-7685 at 20® (L. and R ). 
0 7865 at 0° (Dobriner. Annalen, 1883, 243, 8) 
It may be prepared by the action of the sodium 
denvative of the alcohol upon n-bntyl bromide 
(Reboul, Compt. rend. 1889, 108, 39); or b 
quantity by heating butyl alcohol with 10-15% 
of its weight of aulphuric acid and distiHmg 
slowly (Popeher, Bull. Soc. cbim. Belg. 1923, 
32, 139) ; Senderens (Compt. rend. 1923, 181. 
698), however, advocates the use of 25% cf 
aulphuric acid. 

The use of thb ether in Grignard ^cti^ 
particularly if an elevated temperature b dMireo, 
has been recommended by Gilman (J. Awer, 
Chem. Soc. 1928, 50, 2810). 

2. boBufyl ether [(CH,),CH-CH,ljP; bp 
122®-122 5® ; sp gr. 0 7616 at 15®. From ^ 
butyl bromide and sodium wobntybte. Ibe 
action of isobutjl iodide upon potassium ^ 

butylatc — which, accordu^ to Wurtz, yields ttus 

ether— really gives a mixture of diwobutyleu 
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and isobutyl alcohol (Reboul, Compt. rend. 1889, 
108, 162). 

3. Secondary butyl ether, 

[Cj,H5-CH(CH3)]20; 

b.p. 120'’-121° ; sp.gr. 0-756 at 21°. From 
ethylidene chlorhydrin, and zinc ethyl (Kessel, 
Annalen, 1875, 175, 50). Formed in mere 
traces only by the action of secondary butyl 
bromide upon the sodium derivative of the 
secondary alcohol (Reboul, l.c.). Reboul ob- 
tained also the following mixed ethers : 

sec-Butyl wobutyl ether ; b.p. 121°-122° ; 
sp.gr. 0-7652 at 21°; 

n-Butyl isobutyl ether ; b.p. 131-5° ; sp.gr. 
0-763 at 15-5°; 

«-Butyl sec-butyl ether; b.p. 131°; sp.gr. 

0- 7687 at 15° ; 

n-Butyl <ert-butyl ether ; b.p. 124° ; but could 
not obtain the secondary tertiary, and the 
ditertiary ethers (Bull. Soo. chim. 1889, [iii], 
2,25). 

Butyl sulphides. 

1. Normal butyl sulphide, 

(CH3-[CH2]3)2S ; 

b.p. 182° ; sp.gr. 0-8523 at 0° (Saytzeff, Annalen, 
1874, 171, 253). From butyl iodide and potas- 
sium sulphide. Gray and Gutekunst ( J. Amer. 
Chem. Soo. 1920, 42, 856) heat a mixture of 
butyl alcohol and 20% oleum, neutralise 
the cooled product, and then distiU with 
sodium sulphide. A mixture of n-butyl sulphide 
and mercaptan is produced, the former pre- 
dominating. Fuming nitric acid yields the 
sulphone (C4Hj)2S02, (m.p. 43-5°) (Grabowsky, 
Annalen, 1875, 175, 348). Nitric acid of sp.gr. 

1- 3 converts it into the oxide (C4H9)2SO, 
melting at 32°. 

n-Butyl Sulphone has also been prepared b3' 
oxidation of the sulphoxide obtained by the 
action of thionyl chloride on butyl magnesium 
bromide (Bert, Compt. rend. 1924, 178, 1826). 

2. isoBuiyl sulphide [(CHjljCH-CHjlaS ; 
b.p. 172°-173° at 747 mm. (Grabowsky and Sayt- 
zeff, Annalen, 1874, 171, 254), 170-5° at 752 nim. 
(Beckmann, J. pr. Chem. 1878, [ii], 17, 445) ; 
sp.gr. 0-8363 at 10° (B.). It is oxidised to 
the sulphone by action of alkaline hypochlorite 
solution (Birch and Norris, J.C.S. 1925, 127, 
1034). 

isoButyl disulphide, (C4Hj)2Sj; b.p. 220° 
(Spring and Legros, Ber. 1882, 15, 1940). 

3. Secondary butyl sulphide, 

(CH3-CH-C2H5)2S; 

b.p. 165°; sp.gr. 0-8317 at 23° (Reymann, Ber. 
1874, 7, 1288). 

n-Butyl Telluride, (C4Hj)2Te, has been pre- 
pared by Burstall and Sugden (J.C.S. 1930, 
229). Its properties are fully described. 

n-Butyl di-Selenide, (04119)2862, b.p. 129°- 
130°/] 3 mm., has been prepared by Backer and 
van Dam (Rec. Trav. chim. 1935, 54, 631). 

Butyl Ihiocarbimides. Butyl mustard oils ; 
isothiocynnates. 

1. Normal butyl thiocarbimide, 

(C4H9)NCS; 

b.p. 107°. From7!-butylamine, carbon disulphide, 
and alcohol (Hofmann, Ber. 1874, 7, 512). 


2. iaoButyl thiocarbimide, 

(CH3)2CH-CH2-NCS; 

b.p. 162° ; sp.gr. 0-9638 at 14° (Hofmann, Ber. 
1874, 7, 511). 

3. Secondary butyl thiocarbimide,- 

CaH5-CH(CH3)NCS; 

b.p. 159-5° ; sp.gr. 0-944 at 12°. Occurs in the 
ethereal oil from spoonwort tftochlearia offici- 
nalis) (Hofmann, Ber. 1869, 2, 102 ; 1874, 7, 
512). 

4. Tertiary butyl thiocarbimide, 

(CH3)3C-NCS; 

m.p. 10-5°; b.p. 140° at 770-3 mm.; sp.gr. 
0-9187 at 10°, 0-9003 at 34° (Rudnew, Bull. Soo. 
chim. 1880, [ii], 33, 300). Has a pleasant aro- 
matic odour. 

Butylamines. 

1 . Monobutylamines. 

(a) Normal bulylamine, a-aminobutane, 

CHyCHa-CHa-CHa-NHa; 

b.p. 75-5° at 740 mm. (Lieben and Rossi, Annalen, 
1871, 158, 172) ; sp.gr. 0-7553 at 0°, 0-7333 at 
26° (L. and R.), 0-7401 at 20° (Linnemann and 
Zotta, Annalen, 1872, 162, 3). Formed by the 
action of potassium hydroxide upon butyl 
cyanate (Lieben and Rossi) ; also from propyl 
cyanide by action of zinc and sulphuric acid 
(Linnemann and Zotta, Annalen, 1872, 162, 
3), or from nitrobutane by action of tin and 
hydrochloric acid (Ziiblin, Ber. 1877, 10, 2083). 
It can be prepared from the alky] halide and 
saturated ethyl alcoholic ammom'a (Werner, 
J.C.S. 1919, 115, 1010). It is miscible with 
water, and reduces copper, silver, and mercury 
solutions in presence of alkalis. The chloride 
forms a yeUow crystalline compound with 
PtCi4, which is almost insoluble in cold water. 
The degradation by nitrous acid has been 
investigated by Whitmore and Langlois (J. 
Amer. Chem. Soc. 1932, 54, 3441) who found 
in addition to n- and sec-butyl alcohols, 36% 
of butenes. 

(b) isoButylamine, a-amino-^-methylpropane, 

(CHgljCH-CHa-NHa; b.p. 68° (Schiff, Ber. 
1886, 19, 565), 68°-69° (Perkin, J.C.S. 1889, 55, 
694) ; sp.gr. 0-7357 at 55° (Linnemarm, Annalen, 
1872, 162, 23), 0-7464 at 4°/4°, 0-7408 at 10°/10°, 
0-7363 at 16°/15°, 0-7283 at 26°/25° ; 1-39878 

{Briihl, Z. physikal. Chem. 1895, 16, 214). From 
tsobutyl cjmnate and potash (Linnemarm, 
Annalen, 1872, 162, 23). From rsobutyl iodide 
and ammonia (Hughes and Romer, Ber. 1874, 
7, 511) ; also from tsobutyl cMoride and 
ammonia dissolved in water or tsobutyl alcohol, 
all three Mobutylamines are produced, the 
triisobutylamine in largest quantity. The bases 
can then be separated by means of ethyl 
oxalate. The product is first separated into two 
fractions, the one rich in the monoisobutylamine, 
the other rich in the di- and tri- compounds. 
To the former water and then ethyl oxalate are 
added ; the primary base is thus converted into 
the oxamide C202(NH-C4H9)2, which is almost 
insoluble in boiling water, the secondary 
amine being changed into the ethyl oxamate. 
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C,H,0 The other fraction 

(anhydroua) being poured into ethyl oxalate, the 
primary and secondary bases are converted into 
oxamates. The tertiarj’ base is distilled off, and 
the oxamates aie saponified by heating with 
elahed lime. The calcium oxamates can be 
separated by crystallisation, the ditsobutyloxa- 
mate being the more soluble in alcohol, from 
which it separates in slender silky needles 
(Malbot, Compt. rend. 1887, 104. 228). 

iMBatylamme can be produced by heating 
isobutyl alcohol with ammoniacal zinc chloride 
to 200“ (Jlerz and Gasiorowski, Ber. 1884, 17, 
624), or by the action of caustic potash (10% 
solution) upon a mixture of bromine and iso- 
valcranude (equal molecules) at 60° (Hofmann, 
Ber. 1882, 15, 769). 

jjoButylamine mixes with water with contrac- 
tion of volume and development of heat. A 
mixture of equal volumes of water and wobutyb 
amine has a sp gr of 09002 at 15715°, instead 
of the calc density 0 8681 (Perkin, J.C.S. 1889, 
55, 606], With absolute alcohol and the amine 
similar results were obtained, the sp gr. of a 
mixture of equal volumes being 0 791 at 15715°, 
instead of 0 7652, the calculated number. The 
phosphotungstate has been desciibed by Dnim- 
mono (Btochem J. 1918, 12, 5). 

(c) Sttondary bulylannne, 

C,H,'CH{NH,)-CH,5 

b,p. 63°: epgr- 0 718 at 23° (5fenscbutkin, 
Chem. Zentr. 1808, i, 702). Formed by the 
action of potash upon secondary butyl cyanate, 
or of ammonia upon secondaty butyl iodide 
(Hofmann, Bet, 1874,?, 513)- Ako by theaetion 
of dilute sulphunc acid upon secondary botyl 
mustard oil (Reymaim, Ber. 1874, 7, 1289). 

By the reduction of mctbvl ethyl ketoxime 
by hydrogen and finely divided nickel at 
1C0°-170°, secondary fiutylamine and di- 
secondary butylamme are produced. They are 
liquids, the latter boding at 132°/7SS mm. and 
forming an oxalate melting at 104° (Mailbe, 
Compt. rend. 1905, 141, 113) 

Secondary butylamme has been separated 
into its optical antipodes by Thoiu6 /Bct. JOftS, 
30, 682) ; [a]" +7-44° and-7 40°. 

(d) TtHiary buiylaimnt, ; 

b.p. 45°: sp gr. 0 7137 at0°,0 70548t8°,0 6931 at 
15°(Rudnew, Bull. Soc Chim 1880, [ii] 33,297; 
J.C.S. ). Formed in small quantity by the action 
of potash upon Mobutyl cyan.ate (Lumemann, 
Annalen, 1872, 162, 10 ; Hofmann, Ber. 1874, 7, 
613). Also as a by-product m preparing tn- 
methyl acetic acid from trimetbyl eaibinol 
iodide and mercuric cyanide (Budnew). 

2. DIbutylamlnes. 

(a) Di-normal bulylamint, 

bp, 160°. Formed in small quantities by the 
action of potash upon butyl cyanato (liebcn and 
Bossi, Annalen, 1871. 1^, 175); also by the 
action of butyl chloride on ammonia (Bcig, Ann. 
Chim. Phys. 1894, (vii], 3. 294). The platini- 
chloride forms yellow needles, almost insoluble 
in cold water. 


(6) Di-iao-hutylamint, 

b.p. 139°-140° ; sp gr. 0 7577 at 4°/4°, 0 “491 j* 
16715°, 0 7425 at 25°/25° (Perkin, JC.S. 18'9, 
55, 697). Prom wobutyl bromide and alcoholic 
ammonia ot 150° (Ladenburg, Ber. 1879, 12, 
949) ; abo from isobutyl alcohol andammomac&l 
zinc chloride at 270° (Merz and Gasiorowski, Ber. 
1884, 17, 627). The hydrochloride forms 
plates or leaflets easily soluble in alcohol ssd 
water, shghtly so in ether. The platinum com 
pound forms dark red prisms, soluble m vatrr, 
alcohol, and ether (Malbot, Compt. rend 1837, 
104, 366). The nitrosamine, (CjHjljN NO, 
IS a disagreeably smelbng oil; m.p. 0°; bp. 
,213^-216° (with decomposition); obtained by 
the action of potassium nitrite upon the hydro- 
chloride (Ladenburg, Ber. 1879, 12, 949). 

(e) Di-ierttary butylamine, 

[(CHjljCJjNH; 

produced as iodide when tertiary butyl iodide 
and tertiary butylamine are heated to 60°; it 
70“ the mixture is decomposed, forming mo 
butylene and tertiary butylammonium iodide 
(Budnew), The iodide is easily soluble in water 
or alcohol ; the aqueous solution evolves tertiary 
butylamine on beating. 

3. Tributylamines. 

{a) Trt-normal butylamine, (C^Hjl.N; bp. 
2U°-215“ at 740 am. ; sp.gr. 0 791 at 0°, 0 7782 
at 20®, 0"7677 at 40°. From butyl cyanate and 
potash, together with the mono- and di- com 
pounds. With butyl iodide it forms tetrfhutyl 
ammonium iodide, N(C 4 H,) 4 l, which crystal- 
Uses m small plates (Lieben and Bossi, Annalen, 
1873, 165, 115) Also formed by the action of 
ammonia on butyl chloride ; b p. 21C 5° (Berg, 
Ann Chim. Phys. 1894, [va], 8, 299). 

(6) Tri-iso hutylamtne (C 4 Hj)jN: bp. 177'- 
180° (Reimer, Ber. 1870, 3, 757); 184‘-I8C° 
(SachUeben, Ber. 1878, 11, 733). Sp gr. 0 783 st 
21° (S.). From dn'iobutylamine and wohutjl 
bromido (R.). From the alcohol and ammoniacal 
zme chloride at 270° (Merz and Gasiorowski, 
Ber. 1884, 17, 627); also from wobutyl iodide 
and aqueous ammonia at 160° (Molbot, Compt. 
rend. 1887, 105, 574). Is not miscible w ith water. 
Forms salts 'with hydrochlonc, nitnc, and 
sulphuric acids, which arc extremely soluble 
and eiystalliao with difficulty. The plstim 
chloride forms largo ruby-red crystals (Malbot, 
Compt. rend. 1887, 104, 366). 

Tributyl Phosphine. Tri-n-butyl pboi- 
phme, b.p. 14D°-150°/50 mm. has been pre 
pared by the action of phosphorus trichlonde on 
butyl magnesium bromide (Davies and Jodm, 
J.C.S. 1929, 133, 1262). 

Buttlenes. 

Three isomeric butylenes are possible and all 
are known, 

Many methods of obtaining them by 
dehydration of the alcohols have been 
BrownBndReid(J. PliysicalChem. 1924,28. 10<<) 
obtained the bestyieldusingamixtureoWuni''’* 
and blue oxide of tungsten, while 
Adkins (J. Amcr. Chera. Soc. 1923, 47, 17i9' 
1928, 48, 1671) prefer a mixture of alumina 
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and zinc oxide. Matignon, Moureu, and Dode 
(BuU. Soc. chim. 1935, [v], 2, 1169) have shown 
that butyl alcohol when dehydrated with 
highly pure alumina yields a-butene, while if 
a trace of impurity is present the jS-isoraeride is 
produced. 

Mailhe has shown (1932, A, 250) that when 
butylenes are passed over silica heated to 650°- 
700° a mixture of litpiid unsaturated and 
aromatic hydrocarbons is produced. The ozono- 
lysis in methyl chloride at —90° has been 
investigated by Briner and Meier (Helv. Chim. 
Acta, 1929, 12, 629). 

1. Normal {a)-butylene. Ethyl ethylene, 

CHa-CHj-CH-.CHj; 

b.p. -5°. 

Formation . — From normal butyl iodide and 
alcoholic potash (Saytzeff, J. pr. Chem. 1871, [ii], 
3, 88; Grabowsky and Saytzeff, Annalen, 1876, 
179, 330). From bromethylene and zinc-ethyl 
(Wurtz, Annalen, 1867, 152, 21), together with 
butyl alcohol. From normal butylamine and 
nitrous acid (V. Meyer, Ber. 1877, 10, 136). Pre- 
pared by digesting on the water-bath 100 g. 
normal butyl iodide, 200 g. potash, and 150 g. 
alcohol (90%) (S.). Coffin and Maass (J. Amer. 
Chem. Soc. 1928, 50, 1427) have made a com- 
parison of the physical properties of the gas 
prepared in this way and that prepared following 
the method of King (J.C.S. 1919, 115, 1404) 
using butyl alcohol and phosphoric acid. It has 
also been prepared from allyl bromide and 
magnesium methyl bromide (Lucas and Dillon, 
J. Amer, Chem. Soc. 1928, 50, 1460). 

o-Butylene is a gas at ordinary temperatures, 
which combines readily with hydriodic acid to 
form secondary butyl iodide ; and with 
hypochlorous acid to form chloromethylethyl 
carbinol, EtCH(OH)CH2CI. Passed over 
copper heated to redness forms butadiene, 
CHj-.CH'CH'.CHj, which may be polymerised 
to rubber by means of metalUc sodium (B.P. 
9722, 1911). It is sparingly soluble in con- 
centrated sulphuric acid. 

2. ^-Butylene. Symmetrical dimethylethyl- 
ene, CH3’CH:CH-CH3 ; b.p. 1° at 741'4 mm. 
(Lieben, Annalen, 1869, 150, 108) ; sp.gr. 0-635 at 
—13-50 (Puchot, Bull. Soc. chim. 1878, [ii], 30, 
188). Formed by the action of potash upon 
secondary butyl iodide (Luynes, Annalen, 
1864, 129, 200 ; Lieben). Together with 
isobutylene by dropping iso- or normal 
butyl alcohol upon strongly heated zinc chloride 
(Nevol6, Bull. Soc. chim. 1875, [ii], 24, 122; Le 
Bel and Greene, Amer. Chem. J. 1880-1881, 2 
23). From trithioaldehyde(C2H4S)3 and copper 
(Eltekow, Ber. 1877, 10, 1904). By heating a 
mixture of methyl iodide and aUyl iodide -with 
sodium (Wurtz, .^nalen, 1867, 144, 235). 

Preparation . — isoButyl alcohol is allowed to 
drop upon heated zinc chloride, and the evolved 
gas is led into sulphuric acid diluted with half 
its volume of water ; this retains the isobutylene. 
The unabsorbed gas is led into bromine, and is 
again liberated by action of sodium (Le Bel and 
Greene, Bull. Soc. chim.' 1878, [2], 29, 306). 
More recently Read and Prisley (J-. Amer. Chem. 
Soc. 1924, 46, 1512) have prepared it bv the 

Von. II.— 12 


following series of reactions ; isobutyl alcohol 
(1 kg.) is passed over a catalyst of lump pumice 
and alumina heated in a glass tube to 450°-475°. 
The issuing gas is absorbed in kerosene and re- 
hydrated with 50% sulphuric acid when 550- 
580 g. trimethyl carbinol arc obtained. This is 
then dehydrated in a similar way and yields 
225-250 g. of almost pure )3-butylene. Two 
stereoisomeric modifications from tiglic and 
angelic acids respectively have been described 
(Wislieenus, Annalen, 1900, 313, 228). 

J5-Butylene combines -with bromine to form a 
dibromide boiling at 156°— 158°. This compound, 
by the action of potash, forms monobromo- 
pseudobutylene, CHg-CBriCH-CHg ; b.p. 
87°-88° (Holz, Annalen, 1889, 250, 230). Chlorine 
forms a dichloride ; b.p. 112°-114° (Ghechoukow 
(Scheschukoff), Bull. Soc. chim.' 1885, [ii], 43, 
127). 

3. y-Butylene. isoButylene, unsymmetrical 
dimethylethylene, (CH3)2C:CH2 ; b.p. —6° 
(Butlerow, Z. Chem. 1870, 236) ; m.p. -140-8°; 
b.p. —6-6° (Coffin and Maass, Trans. Boy. Soc. 
Can. 1927, [iii], 21, III, 33). Liquefied by a 
pressure of 2-2J atmospheres at l5°-18°. Is 
produced by the dry distillation of fats (Faraday, 
Phd. Trans. 1825, 115, 440); by heating the 
vapour of fusel oil to redness (Wurtz, Annalen, 
1857, 104, 249), together with ethylene and 
ethane ; also from Ught petroleum, “ hgroin ” 
(b.p. 60°-90°) (Prunier, Jahresber. 1873, 347) ; 
from iso- or ieri-butyl iodide and alcoholic 
potash (Butlerow, Annalen, 1867, 144, 19) ; by 
heating trimethyl carbinol and dilute sulphuric 
acid (1 vol. H2SO4 to.2 vols. water) (Butlerow) ; 
from wobutyl alcohol and zinc chloride though in 
very small quantity (Nevole, BuU. Soc. chim. 
1875, [ii], 24, 122). 

Preparation. — (1) 6 parts of isobutyl alcohol, 
5 parts sulphuric acid, 1 part of water and sand 
are heated together (Lermoutow, Annalen, 
1879, 196, 117). (2) Puchot’s method (Ann. 

Chim. Phys. 1883, [5], 28, 608) of heating iso- 
butyl alcohol with a mixture of sulphuric acid, 
potassium sulphate, and gypsum gives a mixture 
of pseudo- and isobutylene. (3) A mixture of 2 
parts of caustic potash and 3 parts of alcohol 
(510%) is slowly added to 2 parts of isobutyl 
iodide and gently warmed (Butlerow, Z. 
Chem. 1870, 238). Butylene is a gas, -with 
unpleasant smeU, sUghtly soluble in water and 
readily soluble in sulphuric acid; combines with 
hydriodic acid to form <er<-butyl iodide. A 
mixture of three parts of sulphuric acid and 1 
part of water completely absorbs the gas ; on 
distilling the diluted solution trimethyl carbinol 
is evolved. It forms a mercury compound, 
C4Hg(HgN03)(Hg2N03), (Denigfes, Compt. 
rend. 1898, 126, 1043). Oxidising agents — e.g. 
potassium permanganate — ^form carbon dioxide, 
formic and acetic acids, and oxalic acid (and in 
the case of chromium trioxide, acetone) (Zeidler, 
Annalen, 1879, 197, 251)., By the action of a 
mixture of 5 parts sulphuric acid and 1 part of 
waterformsdodedylene(triisobutylene), CjoH-j ; 
b.p. 177-5°-178-5° ; sp.gr. 0-774 at 0° (Butlerow, 
Ber. 1873, 6, 561). 

Butylene Alcohol v. Butylene glycols. 

Butylene Dibromides. 

1. Normal butylene dibromide, a^-dibrombutane. 
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CH,-CH,-CHBr-CHj8r; b.p. ]65 6“-166"; 
Bp.gr. 1'876 at 0® (Wurtz, Annalen, 1869, 

152, 23), 1-8503 at 0°, 1-8204 at 20®/0“ (Gra- 


bowaky and SaytzeS, Annalen, 187a, 179. 332). 
Formed from o-butylene and bromine (Wurtz) ; 
from normal butyl bromide and bromine at 150^ 
(Idnnemann, Annalen, 1872, 161, 199). Gwea 

0- butylene by action of sodium. 

2. 8-Buiyltne dibromxde, /Sy-tftiromiK&me, 
CH,-CHBr-CHBr-CHj; bp. 158“; apgr. 

1- 821 at 0°. Formed from ^-butylene and brom- 
ine (Wurtz, Annalen, 1867, 144. 236), or by beat- 
ing a- or B brombutane 'crith iron and bromine 
(V. Meyer and Muller, J. pr. Cbem. 1892, [u), 
46, 180). I>ecomposed by beating to 140* 
vitb 'water and lead oxide forming lead bromide 
and methyl ethyl ketone (Eltekow, Chem. Soc. 
Abstr. 1870, 34). 

3. iaoButyhne dibromide, ap-dibrom-^-melhyl 
propane, (CH3)2CBr-CH]Br; b.p. 148“-149“ 
at 737 mm.; apgr. 1-798 at 14“ (Lmnemann, 
Annalem 1872. 162. 36.1, b.p. 149 6“ (corr.) 
(Thorpe), ap.gr. 1-7434 15“/15“ (Perkin). From 
tiobutylene and bromine (L. ; also Wurtz, 
Annalen, 1857, 104, 249; Hell and Rothberg. 
Ber. 1889, 22, 1737). By heatmg with water to 
160“ uoWtyraldehyde and isobutylene glycol 
are formed. 

4. Tetraimthylenedibromide, aS dibrombutane, 
CH,Br-CHj-CHs-CH,-Br, boils at 188M90* 
(OustaTson and UemjanoS, J. pr. Chem. 1889, 
[2], 89. 643). (See alto Hatoacourt, Compt. 
rend. 1901. 132, 345). 

6. j9j9-i)>6roiniut<zne, CHt-CBrj-CH^ CHj; 
boils at 144“-145“ (Holz, Annalen, 18^, 2SiO, 
232). 

6 . ayDtbrombulant, 

CH,BrCH,-CH,8rCH,; 
boils at I74‘’-176^ (Perkin, J,C.S. 1894, 

963). 

Butylene Cyanide. 

lioBufyUne dKt/amde {dimethyl sMtinonitnle), \ 
CN C(CH,)j-CH 2-CN; bp. 218"-220“, pre ' 
pared by treating an aqueous alcohobc solution of 
potassium cyanide with y butylene bromide, and | 
allowing the mixture to stand for a fortnight. I 
A colourless Oil, moderately soluble m water 
Heated to 150“ with strong bydrocblonc acid, it i 
13 decomposed into ammonia and dimethyl I 
succinic acid (Hell and ilothberg, Ber. 1889, ' 
22. 1737). ; 

Butylene Glycolchlorhydrin, ^-chloro* I 
isobutylalcohol, (CH3)2 CCI CH|-OH. From | 
isobutylene and bypoebJorous acid (Butlerow, j 
Annalen, 1667, 144, 25). Soluble in large I 
excess of water. i8ee ciso Michael and Lm^ton I 
(Ber. 1906, 39. 2157). 

^•Chloroisobutyl alcohol is also formed by the | 
union of hydrogen chloride with Mobntylene 
oxide, which results from the action of 
powdered potassium hydroxide on cbloro | 
trimethyl carbmol. ,The last may be prepared 
from magnesium meth^'l bromide, chloro- 
dcetone or ethyl chloroacetate. ^-chlmoMo- 1 
butyl alcohol boils at 132“~133“. It forms aj 
nitrate by the action of concentrated sulpbuiic 
and nitric acids, CtMelsCi-CHjO-NOj, and a | 
nitrite, C(Me), Cl CHjO-NO.witbnitrousadd, 
which distinguishesitfrom the isomeric cMorotn- 


methyl carbmol (L. Henry, Compt. rend. 1903, 
142. 493). 

The bromohydrin, b.p. 66®-'5871l mm., has 
been prepared by De Montmollin and Matile 
(Helv. Chim. Acta, 1924, 7, 106). 

Butylene Diamines. 

General methods of preparation and charac- 
terisation have recently been described by 
Strack end Fanselow (Z. physiol. Chem. 1929. 
180, 153). 

_1. reframethylenedtomine (puiradne), #8- 
diaminobutane, 

NHgCHjCHj-CHj-CH,-NHj, 
occurs in urine and fasces in cases of cystinnria, 
and also arises during the putrefaction of her- 
rings. It IS prepared by reducing an alcohobc 
solution of dicyanoethylene with s^um (Laden- 
burg.Ber. 1886, 19, 760; Lellmann and Wurth- 
ner, Atmalen, 1885, 228, 229); or in a similar 
manner from succinaldebyde dioxime (Ciamician 
and Zanettf, Ber, 1889, 22y 1968, 1970b Colour- 
less cryatals melting at 27®-28“ (C.Z.) and 
boiling at 168“-160“. Smells bke pipendme. 
It IS strongly basic, readily absorbs CO^, 
^d forms a well-defined dihydrochloride, auri- 
chloride and platinichloride. The picrolonate 
la of some physiological importance (Otori, 
Chem. Soc. Abstr. 1905, ii, 126). 

WiUstfttter and Heubner have prepared the 
tetrametbyiderivativeoftetramethylenediamme, 
and the biquaternary bexametbylammomum 
salt corresponding to it (Ber. 1907, 40, 
3871,3874) 

2. DtmeihyUthyUnediamxne, Bydiamtno- 
CHj-CMNHj-CHNHt-CH,, has been 
prep4t^ by Angeb (Ber. 1890, 23, 1358). 

7so.Butylacetic Acid c. Cafroio Acid. 

Butyl Chloral v. Chlosai,. 

Butyl.lactfnlc Acid v. Hxdboxybdttbio 
Acinn. 

Butylene glycols. 

1- fformal-a buiylene glycol, ap-dthydroxy- 
butane, CH,-CHs-CH(OH)-CH,-OH ; b.p. 
191*-192“ at 747-1 mm. ; sp gr. 1-0189 at 0“/0“, 
1 0053 at 17-5“/0“ ; from normal butylene di- 
bromide (Saytzeff and Grabowsky, Annalen, 
1875, 179, 332). The diacetate, b p. I96“-199“, 
has l)cen prepared from the bromide and 
potaasmm acetate (De Montmollm and Matilc, 
Ic.). 

2. iformal fi-bulyleite glycol, ay dtkydroxybulam, 
CH,-CH(OH)-CH,-CHsOH ; b.p. 203 5“-204“ 
(Kekul6, Annalen, 1872, 162, 310); spgr. 
J-0259 (Wurtz, Jahresber. 1873, 474; Bull. Soc. 
cbim. 1884, [a], 41, 362). Produced in small 
quantity by the reduction of dilute aqueous 
solution of aldehyde by sodjum-amalgam (K.). 
Preptired from ^’C^ybutyrio aldehyde by 
redutstion with sodium amalgam (W.). 

3. Symmetrical dimethylethylene glycol, fiy 

dtky^^iuUine. CH,-CH(OH)CH(OH)CH,; 
b p- 183®-184“, Formed by heating for 6 or 7 
faoura 1 Tol. of symmetrical dimethylethylene 
oxide, C.HgO, 'With 3 vols. of water to 100“ 
(Eltekow, Chem. Soc. Abstr. 1883, 44, 566). , 

4. Telramethylene glycol, aS dihydroxybulanc, 
OH-(CH,)3-OH ; boils at 235“ (Boeaeken. Bee. 
trav. chim. 1915, 34, 100). 

6- A butylene glycol, differing from the above, 



179 


BUTYRIC ACIDS. 


boiling at 183°-184° ; has also been prepared by 
Wurtz (Ann. Chim. Phys. 1859, [iii], 55, 452) ; 
sp.gr. 1‘048 at 0°. 

6. isoBulykne glycol, ap-dihydroxy-a-tnelhyl- 
propane, (CHg)j[C(OH)CH2-OH ; b.p. 176°- 
178° ; sp.gr. 1-0129 at 0°, 1-003 at 20°. Pro- 
duced by the fermentation of sugar ih presence 
of tartaric acid (Henninger and Sanson, Compt. 
rend. 1888, 106, 208). Formed by heating iso- 
butylene bromide with potassium carbonate and 
water (Nevole, Bull. Soo. chim. 1877, [2], 27, 
63) ; also by oxidation of isobutylene by means 
of potassium permanganate in neutral aqueous 
solution (Wagner, Ber. 1888, 21, 1232). 

7. a-Methyl propariediol. 


OH-CHj-CH (CH3)-CHji-OH, 

b.p. 214°-214‘5°/771 mm. (Faworski, Annalen, 
1907, 354, 356). 

Butylene Diiodide, ay-diiodohutanc. 


CHj-CHI-CHji-CHjI ; 

sp.gr. 2-291. From ^-butylene glycol and 
hydriodic acid (Wurtz, Compt. rend. 1883, 97, 
473). 

/soButylene Dinitrite, C4H5(NOj)2. By 
treatment of isobutylene with concentrated 
nitric acid (Haitinger, Monatsh. 1881, 2, 287). 
Forms a crystalline mass. Probably the same 
body was obtained by Beilstein' and Kurbatow 
(Ber. 1881, 14, 1621) by treating the petroleum 
of Tiflis (b.p. 40°-60°) with nitric acid (sp.gr. 
1’52). It formed needles which melted at 96°. 
They were insoluble in water but soluble in 
alcohol ahd ether. 

Butylene Oxides. C^HgO. 

1. n-Butylene oxide, CHg-CHj'CH — CH, 
b.p. 68'5°^9°, has been prepared from the 
bromohydrin and alkali (De Montmollin and 
Matile, Helv. Chim. Acta, 1924, 7, 106), 

/°\ 

2. ieoBulylene oxide, (CHgljC CH,; 

b.p.61°-52°; ep.gr.0'8311 atO°. From the chlor- 
hydrin, CgHgOCi, and potash (Eltekow, J.C.S. 
1883, 44, 566). 

3. s-Dimethylelhylene oxide, 

/°\ 

CHg-CH-CHCHg; 

b.p. 56°-57° ; sp.gr. 0-8344 at 0°. Formed from 
the chlorhydrin (prepared from the symmetrical 
dimethylethylene and hypochlorous acid) and 
potash (Eltekow, Z.c.). E. G. N. 

Iso, sec-, tert-.B UTYLCARBlNOLo. Amyi.. 
butyl CARBITOL. Mono-«-butyl ether 
of diethylene glycol. Wetting out agent. 

butyl CELLOSOLVE, Mono-n-butyl 
ether of ethylene glycol. Nitrocellulose solvent 
and wetting out agent. 

BUTYLCHLORAL HYDRATE, croton- 
chloral hydrate, aa^-trichlorohulylidene glycol, 

CH3CHCI-CCl2-CH(OH)j, 

m.p, 78°. Sedative. Hypnotic. 

BUTYN, y-di-n-butylaminoprbpyl p-amino- 
benzoato, local ansesthetic. (Abbott, Chicago ; 
Pharmaceutical Products, London.) B.P.C. 


BUTYRIC ACIDS, C3H7 COOH. 

Normal Butyric Acid, 

CHsCHaCHjCOOH, 

Occurrence, — In ordinary butter in combina- 
tion with glycerol to the extent of about 3% ; in 
the frmits of Heradeum giganleum and of 
Pastinaca saliva as hexyl butyrate and octyl 
butyrate respectively ; also in the oil of Euccdyp- 
lua Perriniana as a n-butyl butyrate (Smith, J. 
Roy. Soc. New South Wales, 1914,_ 48,.464)., 
Butyric acid is also found in flesh juice, and is 
frequently a product of fermentation processes. 

Preparation. — (1) Butyric acid is a frequent 
product of the oxidation of organic substances, 
such as albumen, flbrin, and casein — ^with 
manganese dioxide and sulphuric acid (Guckel- 
berger, Annalen, 1847, 64, 68). 

(2) All amylaceous and saccharine substances 
that yield kctic acid on fermentation with 
Bacillus acidi laclici can undergo a further 
fermentation with Bacillus hutyricua to yield 
«-bntyrio acid. This fact is made use of in 
the preparation of the acid. 

Manufacture. — A 6-10% sugar solution is 
prepared from molasses or by mashing potato, 
maize or rice starch with malt ; to this is added 
some nifrogenous nutrient medium (extract of 
malt or wheat, ammonium tartrate or phos- 
phate), the solution is boiled and allowed to 
cool to the optimum temperature for fermenta- 
tion by a vigorously growing bacterial culture 
which is added to it from a neighbouring vat. 
B. hutyricua or a similar organism or a mixed 
culture is employed. Chalk is added to maintain 
neutrality during the fermentation, which goes 
on for about 9 days, while large volumes of H 
and CO2 are evolved. The liquid is then 
filtered, concentrated, and the calcium butyrate 
which separates dried and distilled in vacuo 
with sulphuric acid, the distillate is purified by 
fractionation. Weizmann and Spiers in B.P. 
164366, 3/6/18, claim a 13% yield of butyric 
acid from maize. Lefranc et Cie. in B.P. 186572, 
2/2/22, describe the saccharification of wood 
(100 kg.) with subsequent fermentation to 
butyric acid (9-9-5 kg). On a laboratory 
scale, Heiduschka and Reymann (Pharm. 
Zentr. 1929, 70, 87) fermented a 6% dextrose 
solution with an Amylobacter at 37° and obtained 
56-3% of the theoretical yield of butyric acid. 

(3) Ji-Butyric acid has been prepared by 
synthetical methods by Frankland and Duppa 
(Annalen, 1866, 138, 218), and by Geuther and 
Frolich (ibid. 1880, 202, 306). From n-butalde- 
hyde by vapour-phaSe oxidation without and 
with a catalyst respectively (Carbide and Carbon 
Chemicals Corp., U.S.P. 1599737; Adam and 
Legg, B.P. 173004) ; with a colloidal solution of 
manganese butyrate as a catalyst (Comml. 
Solvents Corp., Canad. P. 249868). 

^ Properties. — Butyric acid is a colourless 
liquid, having an odour resembling that of 
rancid butter, and a sour burning taste ; m,p, 
-4-65° to -4-70° (English and Turner, J.C.S.19i6, 
107, 779); -b.p. 162°; sp.gr. 0-9670 at 15°/15° 
and 0-9590 at 20°/4° (Perkin, J.C.S. 1884, 45, 
483); 1-39906. 

It is miscible -with water, alcohoL and ether in 
all proportions, and from its aqueous solution 
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ft can be separated by addition of calcium 
chloride. Tho acid is i^acntnable. and bums 
with a blue flame. Prolonged oxidation with 
nitric acid conTcrta it into succinic acid. Among 
tho products ot electroly’sts of potassium n> 
butjTato (F. Fichter and A. Burgin, Helv. Chim. 
Acts, 1931, 14, 00) IS uopropjl alcohol; the 
intermediate formation of dibutyryl peroxide 
{PrCOO)j. decomposing to gi\o propylene, 
which with hutync acid giree Mopropyl butyrate, 
is postulated to account for this unusual reaction 
tialls. — Tho metallic salts of n-bntyric acid 
arc generally soluble in water, and are crystalline. 
NaB and KB crystallise in indistinct nodolcs. 
AgB cry atsUisesm needles or monoclmic pnsms, 
1(W parts of water at 14“ dissolre 05 parts 
(Lmneman and Zolta, Annalen, 1872, 161, 177, 
Crimzweig, Annalep, 1872, 162, 203). 

MgBt.BHjO crystallises m very soluble 
scales (Pclouze and G4lis, Annalen, 1843. 47, 
249). BaB,,4H,0 crystalli-'es m nacreous 
scales, I part dissolnog in 2*43 ^rts of water at 
14“ (Lmneman and Zolta). CaB^.H^O crystal- 
lises in rhombic pnsms, 100 parts of water at 0® 
dissolve 19 4 parts (Ilecht, Annalen, 1SS3, 21% 
72), at 60®, 15 01 parts 2nB,.2H,0 forms 
monoclmic pnsms, 100 prts of water at 16® 
dissolve 10 7 parts of the crystallised salt 
(OriiozweJg). CuB;,,HjO crystallises in tn 
cUnio forms (AUh, Annalen, 1654, fll, 176), and 
CuS*.2H.O in monocbnic forma (Petouze and 
GiUs). 

Butyric acid occurs widely m wmes and food- 
stuffs. Its estimation usually mvotm separa- 
tion from acetic and propionic acids. Details 
for Its estiiBstlon in wise are given by 
March and Portcle (J C S 1890, 1344): 

600 c e. of the solution is distilled to a bulk of 
135 ec., diluted to tho original volume, and 
again Stilled till only 125 c.c remains. This is 
repeated four times m all. Tho total acid in the 
distillate is estimated with baryta It is evapo- 
rated down, until It solidiflcs on coolmg. The 
barium butyrate is then extracted with absolute 
alcohol (10 parts), and the aqueous solution of 
the separated salts treated with sulphuric acid 
and steam distilled, the acid in the distillate 
being Bubsequently titrated. 

Tbe detection and estimation of n butyric 
acid in foods is discussed by Grossfeld and 
Battay (Z. Unters. Lebensm 1931, 61. 129); 
and by Virtanen (Z- anal. Cbem. 1929, 74, 32J). 
The separation of formic, acetic, propionic and 
butyric acids is dealt nith by W'lUcox (Chero. 
6oc. Proc. 1893, 202); Luck (Z. anal. Cbem. 
1870.10.185): H8berland(i&id 1899,38.217); 
3fuspratt (J.S C.L 1000, 19, 204) } Fyfeman 
(J.S C.1. 1024,43, 142T); Osbumand WeiLmann 
(Ind Ung. Cbem. (Anal.), 1031, 3, 264) . 

It can be determined colonmetrically by j 
treating with cupric chloride and ammoninm' 
cblonde, shaking with chloroform and comparing ! 
with standards. Acetic and formic acids do not 
interfere (Allgeicr el at , J. Bact. 1929, 17, 79). i 
Bult/ryl Chloride U obtained by treating 06 1 
parts of butyTic acid with 100 parts phosphomsl 
trichloride (Burcker, Ann. Chim. Phys. 1882. [v], 
26. 46S). B.p. 101“ I sp gr. I -0277 at 2y/4\ 


Ba/ync Anhydride. — Prepared by tho action 
of butyryl chloride on butyric acid (Linnemann. 
Annalen, lS72, 761, 179) or by the action of 
1 »nol. acetic anhydride on 2 mols. sodium 
butvratc (Michael, Ber. 1901, 34, 918). B v 
193®, dw » 0 978. 

Bulyramtde. — Formed by heating dry 
nmmomum butyrate (Hofmann. Ber. 18h2, 15, 
082). Pnsms, mp. 115°, bi>. 210®. P.eadily 
soluble in water. 
a-Chlorobtityrie Acid, 

CHs-CHjCHCI CO,H. 

IS a thick liquid, soluble with difficulty in 
water (hfarkownikow, AnnaJen, 1870, 153, 241). 
B.p. 10l*/15 mm. 

^•CA/orobtityne Acid, 

CH,-CHC1-CH,CO,H, 

Bfp 16®, bp 9S5®-99 5®/I2 mm. (aoves, 
Annalen. 1001, 319. 360). 
yChloTobutyne Acid, 

CHiCl 

by treatment of y butyroiactono with dry by- 
drogen chloride, m.p. 16*,b p.ll5®-115 5®/13mm. 
(Cloves. ;e.). 

a Bromobiityrit dciJ. — 

I CHjCHjCHBr-COjH. 

By brominating butyric acid m the presence of 
red phosphorus (Fischer, Ber. 1900, S3, 2387). 
Colourless oil B.p. 128*/25 mm. Moderately 
soluble in water, 

P Bromobvlyrte Aexd . — 

CHyCH8rCH,C0,H. 

By treating crotonio acid with hydrogen 
bromide (Brul§, Bull. Soe, chim, 1009, [ivj, 5, 
1019). M.p. 18“,bp. 122®/16mm. 
y-Bromooufi/rir Acid.— 

CH,BfCH,*CHj'CO,H, 

Frotn y.butyrolactone and hydrogen bromide 
at loo® (Henry, Compt. rend. 1880. 102, 369). 
M.p. 33*. 

iMButyric Acid, (CH,),-CH-CO,H. 
Occurrence. — iioButyric acid occurs in tho 
fruit of Cerclonia Siligua (Grunxweig, Annalen, 
1872, J62, 193), and in arnica root {Arnica 
montana) (Sigel, Annalen, 1873, 170, 346). 

Preparation . — iJoButyno acid is most readily 
prepared by the oxidation of iscbutyl alcohol 
with acidtlied potassium dichromatc. Pierro 
andpuchot(Ann. Chim. Phys. 1873, [iv], 28,3CC) 
give the following detadss isobutyl alcohol 
(300 parts) is mixed with water (1,500 parts) 
and Sulphuric acid (540 parts), and into tho well 
coolisd mixture finely powdered potassium 
dichromate (400 parts) is gradually introduc^. 
An tlhereal layer separates, consisting of I'w- 
butyl jsobutyrate, which is saponified by excess 
alkch; tbe resulting salt being distifled wilh 
dilute sulphuric acid, and the aqueous acid 
purified by fractional distillation. Synthetical 
methods for preparing this acid have been 
described (FranUand and Duppa, Annalen. 
18C6, 138, 337; and Markownikow, Annalen, 
1866.138,361). , „ 

Properties. — UoButyric acid resembles its 
isomcride In appearance, but has a less dis- 
agreeable odour. It boils at 154 0® (eorr.) 
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(Thorpe and Rodger, Phil. Trans. 1894, A, 185, 
486); sp.gr. 0-9651 at 0° and 0-9503 at 20°; 

1-39300 (Briihl, Annalen, 1879, 200, 180). 
It dissolves in five times its volume of water. 

isoButyric acid has been detected among the 
products from the interaction of carbon mon- 
oxide and hydrogen at 370°-390°/400 atm. in pre- 
sence of an alkali catalyst (Strada, Giorn. Chim. 
Ind. Applicata. 1934, 16, 62). 

Salts. — ^The metallic salts of tsobutyric acid 
are more soluble in -water than those of the 
normal acid. AgB" crystallises in prisms; 
100 parts of water dissolve 0-93 part at 
(Gi-iinzweig, Annalen, 1^2, 162, 210). MgBj 
forms white scales. CaB2,5H20 forms mono- 
clinic crystals ; 100 parts of water at 15“ 

dissolve 36 parts (Griinzweig, l.c.). SrB2,6H20 ; 
100 parts of water at 17“ dissolve 44 parts. 
BaBj.^HjO forms monoclinic ciyatals (Fitz, 
Ber. 1880, 13, 1316). ZnB2,H20— 100- parts 

of water at 19° dissolve 17-3 parts (G.). PbBj 
crystallises in rhombs and dissolves in 11 parts 
of water at 16°. 

isoButyryl chloride, prepared by treating iso- 
butyric acid with phosphorus trichloride and 
subsequently distilling (Reczei, Chem.-Ztg. 
1928, 52, 22) ; the use of silicon tetrachloride 
avoids the contamination of the acid chloride 
with S and P compounds (Montonna, J. Amcr. 
Chem. Son. 1927, 49, 2114) ; boils at 92°; and 
has a sp.gr. 1-0174 at 20°/4° (Briihl, Annalen, 
1880, 203, 20). 

isoButyric anhydride, obtained by refluxing 
isobutyric acid with isobutyryl chloride for 12 
hours, and subsequently- fractionating the 
product. It boUs at 181-5° at 734 mm., and has 
a sp.gr. 0-9574 at 16-5° (Tonnies and Staub, 
Ber. 1884,17,850). 

iso Butyr amide, formed by heating ammonium 
isobutyrato ; melts at 128°-129° (Hofmann, Ber. 
1882, 15, 982). 

a-Chloroisobutyric acid, 

{CH3)2CCI-C02H, 

melts at 31° and boils at 118° (Henry, Bull. Soc. 
chim. 1876, [ii], 26, 24). 

a-Bromoisobutyric acid, 

(CH3)2CBr-C02H, 

prepared by treating isobutyric acid with brom- 
ine in the presence of red phosphorus (Volhard, 
Annalen, 1887, 242, 161). M.p. 48°, b.p. 200°. 

Butyric Esters. — These compounds arc 
prepared in the laboratory by the action of 
butyric acid on the corresponding alcohols in 
the presence of some dehydrating agent such as 
sulphuric acid, the temperature being raised to 
complete the reaction. Commercially they can 
bo made by vapour-phase esterification, the 
vapours of the acid and of an alcohol being 
passed over a catalyst, such as titanium oxide ; 
with excess alcohol nearly theoretical yields 
are obtained (J. Usincs Gaz. 1924, 48, 17). 
But5’ric esters are liquids which dissolve in 
alcohol and ether in all proportions,- but arc 
only sparingly soluble in water. E.sters of iso- 
butywic acid, especially ivith glj-col.s, are used 
in perfumery and for flavouring (U.S.V. 1841430 ; 
Burger, Chcin. Zentr. 1928, i, 2466). 


I Methyl n-butyrate, CH3-CH2-CH2-CO2CH3, 
I is a colourless liquid with a pleasant odour 
resembling that of pineapples. It boils at 102-3° 
! at 760 mm. (Schumann, Pogg. Ann. 1881, [ii], 
12, 41), and has a sp.gr. 0-9194 at 0°/4°. 

Ethyl n-butyrate resembles the methyl ester in 
odour, and is used in perfumery, and in con- 
fectionery under the name of pineapple oil. 
It boils at 119-9° at 760 mm. (Schumann, l.c.), 
and has a sp.gr. 0-8996 at 0°/4°. 

n-Propyl n-butyrate boils at 142-7°/760 mm. 
(Schumann), and has a sp.gr. 0-8930 at 0°/4°. 

isoPropyl n-butyrate boils at 129°, and has a 
.sp.gr. 0-8787 at 0°/4°. 

Bittyl n-butyrate boUs at 164-8° (corr.), and 
has a sp.gr. 0-8760 at 12° (Linnertiann, Annalen, 
1872, 461, 195). A nitrocellulose solvent. 

isoButyl n-butyrate hoHs at 156-9° (Schumann), 
and has a sp.gr. 0-8798 at 0°. 

isoAmyln-butyrate boils at 178-6° (Schumann), 
and has a sp.gr. 0-8823 at 0°. 

Hexyl and octyl butyrates occur in the 
oils from the fruits of IJeracleum giganteum 
(Franchimont and Zincke, Ber. 1871, 4, 824) 
and Pastinaca sativa (Renesse, Annalen, 1873, 
166, 80). 

Esters of isobutyi-ic acid have been prepared : 
Methyl isobutyrate boUs at 92-3°/760 mm. 
(Schumann), and has a sp.gr. 0-9112. 

Ethyl isobutyraie boils at 110-l°/760 mm. 
(Schumann) ; its sp.gr. is 0-8903. 

n-Propyl isobutyrate boils at 133-9°/760 mm. 
(Schumann) ; its sp.gr. is 0-8843. 

isoPropyl isobutyrate boils at 118°-121°/727 
mm., and has a sp.gr. 0-8787. 

isoButyl isobutyrate boUs at 146-0°/760 mm. 
(Schumann) ; its sp.gr. is 0-8752. 

isoAmyl isobutyrate boils at 168-8°/700 mm. 
(Schumann) ; and has a sp.gr. 0-8759 at 0°/4°. 
BUTYRONE. Dipropyl ketone, 
(C3H,)3C0, 

is prepared by distUling calcium butyrate or 
preferably a mixture of this with calcium 
carbonate (Schmidt, Ber. 1872, 5, 597) or by 
passing butyric acid over any of the foUdwing 
catalysts : precipitated calcium carbonate at 
450°-500° (Sabatier and Mailhe, Compt. rend. 
1913, 156, 1731), ferrous or ferric oxide at 
430°-^90° (Mailhe, Compt. rend. 1913, 157, 
220), cadmium oxide at 420°-430° (Mailhe, Bull. 
Soc. Chim. 1913 [4], 13, 668) or manganic oxide at 
400°-450° (Mailhe, Compt. rend. 1914, 158, 832). 
It is a liquid of b.p. 144°-143° and 0-8217, 
and is used as n solvent for nitrocellulose. 
It is oxidised by chromic acid to a mixture of 
propionic and butyric acids, and is reduced by 
sodium amalgam to a secondary alcohol, 
U7HJ3O, and butyrone-pinacone, C14H33O2 
(Kurtz, Annalen, 1872, 161, 205). 

An isomeride, di-isopropylketone, b.p. 124°- 
126°, rfrt 0-8254, can bo prepared by distilling 
calcium jsobutyi-ate (Miinch, Annalen, 1876, 
180, 327). Neither butyrone nor its isomeride 
forms a bisulphite compound. 
y-BUTYROBETAl N E v Betaixes. 
y-BUTYROLACTONE. The lactone of 
y-hydroxybutyric acid. 

BUXINE is an amorphous alkaloid dis- 
covered by Fanre (J. de Pharm. 1830, [ii], 16, 
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432) in the bark of Buxua tempeTvirt>i$ L. 
the box tree, which hes been used m inter' 
mittent fever. Walz (Neues Jahrb. Fhaim. 
IBM, 12, 302) declared it to be identical with 
beb«rine {from Nectandra Rodioei Hook, » 
greenheart), which latter alkaloid was for a 
time known as buxme, until the identity was 
disproved bySchoItz (Arch. Pbarm, 1898, 236, 
630). In addition to buxine. Barbagha (Gazz. 
ch^. ital. 1883, 13, 249) found two other 
amorphous and one crystallme alkaloid in box 
leaves, and hfartin-Sans (Compt. rend. 1930, 101, 
625) has demonstrated the occurrence of 
alkaloids in other Buxacex by microchemical 
methods. 0> B. 


SYSSUS, or silk of oyster, is the secretion 
of a gland of certain mussels, which in the air 
sets into silk'hke threads. It is stated in the 
past it has been woven into textOes ( Abderhalden, 
Z. physiol. Chem. 1908, 55, 236). The chemical 
and X'Tay investigation of byssus (in its natural 
state, and stretch^] shows that it consists of a 
mixture of chains of complex (keratin type) and 
chains of simple (silk fibroin type) amino acids, 
It u the only natural fibre in which the molecules 
have no onentation, and this accounts for its 
physical properties (Centola, Gazzetta, 1936, 
66.71). 

BYTOWNITE or LABRADORITE v. 
Basatt. 


CAAPi. Aydhatco, The root of the Boli* 
vian vine Banisttna caapt, contains three 
alkaloids and yields a stimulating beverage. 

CABALONGA DE TABASCO. A 
Mexican drug. The seeds aiStrychnas trtplinervia, 
contain 1-83% of sttyehnme and brucine. 

GABARDINE MUSK. An inferior variety 
of genuine mask from Siberia and North China. 

CABBAGE. Brasnea oUrcuxa. Many 
varieties of this leafy vegetable have been 
developed by the horticultoraUat for domestic 
purposes and for cattle feeding. The customary 
classification based on the structure of the 
plants includes : 

(i) Ordinary cabbage (var.c<ipi(ota),formiDg a 
compact head of leaves, the mtemal ones being 
blanched. With this type may be included for 
convenience the Chinese cabbage or celery cab* 
bage, B. pthiunaia or B. pe Uai Bafley, whidi 
also forms a compact head but is more elongated 
m shape than the customary European vaneties. 
B. chtntnati, also referred to as “ Chinese cab- 
bage,’’ IS not apparently a “ beading ” variety. 

(u) Kale (var. aupkala D.C.) mcludes a 
number of types of branching habit in which the 
tendency to form compact heads is absent. In 
most forms the stems become woody as in the 
oidmaiy cabbage. In a few cases {t.g. marroW' 
stemm^ kales] the stems remain sufficiently 
succulent, even in mature plants, to be readily 
consumed by cattle and sheep. 

(ui) Broccoh and cauliflower (var. holrytit 
D.C.) are characterised by a restricted leaf I 
development and the production of a compact ' 
head of imperfect flowers, which form the e^ble 
portion. 

(iv) Brussels sprouts (g.v.) (var. gemtni/era), 
in which nameroaa smaU compact “cabbage ” 
heads develop in leaf axils on a tall, thick 


(v) Kohl-rabi (var. CauU-Bapa), the stem 
which thickens (above ground) to produce 
round tnmip'hke growth (the edible porUcm) 
firom the surface of which a few leaves de- 
velop. 

All cabbage varieties show a general similmiy 
of composition. The following are tyjncu 


analyses expressed as percentage of fmsh 
weight : 


Water, teln. tels. fat. tract. Fibre. Ath. 
Ordinary eab- 

. . Si7 SS — 07 61 Si JO 

Ordinary cab* 

bagfc* , . ei-5 16 — 03 46 11 10 

Ordinary cab- 
bage*. . 021 20 123 018 403 082 075 
Chinese cab* 

base . .06 0 1-58 — 0 05 161 0 5 0 66 

Red cabbage 031 1-50 0 88 0 5 8 70 0 8 0 66 

Kale . . , 01 2 2 62 — 0 20 2 04 1 05 1 74 

Broccoli 

(tower) . 88 1 44 — o 74 — 1 42 1 60 

Caubtower . 00 7 3 11 1 70 0 40 8 73 1 IS 0 93 

Kohlrabi* . 028 202 1 03 Q 14 8 57 064 086 

* Whole heads ' Edible portion. 

* Savoy cabbage. * Edible portion. 

The nitrogen content of cabbage varies con- 
siderably according to growth conditions and 
manurial treatment (A. W. Blair, New Jersey 
Agric. Exp. Sta. Bulk 1934, No. 671), but in all 
cases includes a large proportion of non-protem 
nitrogen. Yoshimura (2. Unters. Nahr.* 
Genussm. 1910, 32, 253) reports less than 30% 
of the total m'trogen as protein and a consider* 
aWe proportion of nitrogen bases, e.g. arginine, 
lysine, and choline together with small amounts 
of histidine and betaine. Tryptophane, and also 
the enzyme erepsia which produces tryptophans 
from more complex bothes, is also recorded 
(Blood, J. BioL Chem. 1910, 8, 216). 

From the ether extract of cabbage, Ozaki 
(J. Agric. Chem. Soc. Japan, 1930, 6, 688) 
isolated a dark-coloured oil having saponifi- 
cation value 144'I, iodine value 103 4, 
Beichert-Meissl value 2-0, acid value 21‘2, and 
iinsapouifiable matter 21*7%. The saturated 
adds from the oil comprise principally palmitic 
t<^ther with arachidio and small amounts of 
mynstic but no stearic acid. Unsaturated acids 
consist largely of an isomeride of linolio acid, 
hnoleniD and an isomeride of oleic acid. A 
waxy substance isolated from blanched 1®*^“ 
yielded palmitone and n hentriacontane. Chib* 
nali and Channon (Bfochem. J. 1927, 21, 225, 

233, 479, 1112 ; 1929, 23, 168-176) in an exaimna- 
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tion of the ether-soluble constituents of the 
expressed juice of leaves report the following 
constituents (as percentage of the extract) : 


a- and )S-ch]orophyll 9-3 

Carotene 0'5 

XanthophyB 0-8 

Calcium phosphatidate . . . . 18-5 

Other Ca salts (unidentified) . . . 6T 

Fe compounds (unidentified) ... 3-0 

Glycerides and waxes 17-4 

Glycerol 1’4 

Unsaponifiable fraction .... 12-3 

Sterols 4-4 

Unidentified alcohols and hydro- 
carbons 13'3 


The fatty acids of the fats and waxes included 
palmitic, stearic, linolio, and linolenic acids. 
n-Nonacosane and di-n-tetradec}’! ketone were 
the principal constituents of the unsaponifiable 
matter. 

Among the carbohydrate constituents of the 
cabbage family sugars are present, if at all, in 
very small amounts. The highest recorded pro- 
portions occur in ordinary cabbage in which 
Peterson el al. (Canner, 1935, 61, 19) report 
3-4%. Dextrose and laivulose are found 
in small amounts in cauliflower (Dmochowski 
and Tollens, J. Landw. 1910, 58, 27) in which 
mannite was also detected by Busolt (ibid. 1913, 
61, 153). Buston and Schryner isolated a crys- 
talline carbohydrate, probably 

CHj(OH)CH(OH)OCHa-OH 

(Biochem. J. 1923, 17, 470) which is possibly 
concerned in pyrone ring formation during the 
synthesis of anthocyanin pigment. The pentosan 
content is also small, recorded values being 
2-03% in kale, .0-91%- in broccoli flowers, and 
1'37% in kohl-rabi (Wittmann, Z. landw. 
Verswes. Ost. 1901, 4, 131 ; Nelson and Mottem, 
J. Amer. Chem. Soc. 1931, 53, 1909). The 
last-named authors also record 1-3% of starch in 
broccoli. 

The pigment of red cabbage has been isolated 
by H. WUlstaedt (Biochem. Z. 1931, 242, 303 ; 
1935, 276, 262) and also by Chmielewska (Rocz. 
Chem. 1933, 13, 725), and is characterised as an 
anthocyanin chloride, CjgHjgOijCI, isomeric 
with peonin. T. Milobedski and W. Szczypinsld 
(Rocz. Chem. 1934, 14, 1088) also describe a 
pigment rubrobrassicin from which elimination 
of sinapic acid yields an indicator suitable for 
acidimetry in the presence of carbon dioxide. 

Cabbages are rich in vitamin-C, a recent 
evaluation by N. Yarusova (Z. Unters. Lebensm., 
1935, 69, 376) showing 270-322 units per kg. 
From 20 to 70% of this may pass into the water 
in which the vegetable is cooked. According to 
S. Gould el al. (Food Res. 1936, 1, 427) the 
vitamin-C content of early summer cabbage is 
greater than that of autumn varieties. After 
cutting there is a steady decrease in the pro- 
portion of vitamin-C, loss of which is greater in 
cold storage than at ordinary temperatures. 

The mineral contents of the cabbage family 
vary considerably with growth conditions but 
show a general similarity of order. The follow- 
ing data from various sources are typical, and 
arc e.vprcsscd ns percentage of the dry matter : 


K 

Cabbage. 

3-9^-3 

Kale. 

Kohl- 

rabi. 

Cauli- 

flower. 

2-9 

Broc- 

coli, 

1-86 

Ca 

0-67-0-781 

0-96 

007 

0-32 

0-33 

Mg 

0-30-0-35 

— 

— 

0-19 

0-13 

Fe 

. 0-009-0-014 

0-17 

— 

0-014 

0-06 

Mn 

. 0-004-0-0018 

— 

— 

0-025 

0-033 

P 

0-46 

0-30 

— 

0-71 

0-57 

S 

0-53-0-62 

. — 

— 

— 

— ■ 

Cl 

0-26-0-63 


— 

0-3 

— 

Al 

0-2-4)-0082 

— 

— 

— 

— 

Cu 

O’OOOe 

— 

0‘0014 

0-002 

— 

Zn 

. 0-0012-4)-0017 — 

— 

0-002 

— 

1 

Outer leaves of 

cabbage contain 

20-30 times as 

much calcium as inner leaves (S. J. Cowell, Biochem. J . 


1932, 28, 1422). „ , „ 

* Analyses ( j. Bertrand and Ldvy, Bull. Soc. Scl. Hyg. 
Aliment. 1931, 19, 359) show that the aluminium in 
cabbage is almost entirely contained in the outer 
green leaves. 

Sauerkraut is obtained by submitting the 
cabbage to a lactic type of fermentation. 
Streptococcus laclis and Leuconostoc mesenteroides 
being the dominant organisms concerned. 
Lactic acid with smaller proportions of acetic 
and propionic acids are produced, and in good 
quality kraut proteolysis is limited. Quality 
is largely influenced by the nature of the 
“ starter ” cultures used. Peterson, Fred and 
Viljoen (Canner, 1925, 61, 19) give the following 
analysis ranges for sauerkraut. 

Non-volatile Volatile 
acids, as acid, as 

■Water. lactic. acetic. Sugars. 

89-6-91-5 1-13-1-62 0-28-0-42 0-09-0-77 

A considerable proportion of the vitamin-G of 
the cabbage is retained in sauerkraut. 

A. G. Po. 

CACAO (COCOA) BUTtER is the fat 
present in the “ beans ” or seeds of the cacao 
Theohroma cacao L. and certain closely allied 
species and their hybrids (Fam. Sterculiacem). 
According to ' van Humboldt, the cacao tree 
appears to have originated in the forests of the 
Amazon and Orinoco (Ecuador, Colombia, and 
Venezuela), but it has been extensively culti- 
vated from very early times in other tropical 
countries, Central America, Brazil, and the 
West Indies, and more recently in West Africa 
(particularly the Gold Coast and Nigeria) and 
Ceylon (see Cocoa). 

The bulk of commercial cacao butter is 
obtained by the expression of the fermented 
and roasted cacao nibs, i.e. cotyledons, in the 
course of the manufacture of cacao (cocoa) 
powder : correspondingly the commercial pro- 
duction of the fat (and of eating chocolate, in the 
manufacture of which it is used) dates from the 
introduction of a partly defatted cocoa powder 
by Van Houten in 1828, although the art of 
pressing out a little of the fat from the bean 
appears to have been kno'wn at least 140 years 
before (A. W. Knapp, “ Cocoa and Chocolate 
Industry,” J. Pitman & Sons, London, 1930, 
p. 25). It may be noted, however, that the 
fermentation and roasting processes to which 
the bean is subjected do not appreciably affect the 
physical and chemical properties (apart from the 
aroma and colour) of the fat (c/. Heiduschka and 
Herb, Pharm. Zentr. 1908, 49, 375 ; Strube, Z. 
offentl. Chem. 1908, 14, 67 ; Fincke, Z. angew. 
Chem. 1925, 38, 699 ; Z. Unters. Lebensm. 1928, 
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66.32G;“Kakaobutteru.ihrcVerf5lschunEen,” of pota«ium. Bodium, ammonium or mag. 
Stnttgart, 1929, pp 16S-174) ; there is b1«o nesinm bicarbonate or carbonate are employed, 
little difference in the characters of fats from If the process is properly conducted, the treat- 
beans ofdifferent geographical origin or botanical ment doea not appreciably affect the free fatty 
Tariety (c/. Davies and .McLellan, J.S C.1. 19M, acid content or other characteristics of the fat 
23, 480). present in the nib (e/. H. Fmcke, “ Bandbuch der 

Theshell (testa) and germ (radicle) of the cacao Kakaoeneugnisse,” J. Springer, Berlin, 1936). 
seed also contain a small amount of fat, which If the cacao is intended for the production of 
can be recovered by extraction mth scdventsi cocoa powder and cacao butter, the greater part 
the«o fats, how ever, are of no great importance of the fat present is now remo\ ed by expressing 
and will be considered separately (p. tnfra) os the hot, liquid m«s in hydraulic presses. The 
they arc, in general, unsuitable for edible wse, usual press consists of a number of super- 
and are excluded from u«e in chocolate products impost circular pots, which are filled with 
under the terms of the resolution adopt^ by the the mass and separated from each other by per- 
Internationa! Congress of Chocolate and Cacao forated plates clad in filter-cloths ; temperatures 
Manufacturers in Antwerp, 1930. This defines of about 70^-90“C. and pressures up to 6,000 
the term “ cacao butter ” (for chocolate lb. per sq. in. are employed. The expressed 
manufacture) as “ the fat obtained by mecham fat, which entrains a certain amount of finely 
cal means (•«. by expression) from cacao mass divided cocoa particles in suspension, is then 
(solubilised or not) ” which is derived from filtered and run into suitable receptacles, where 
cacao mb containing not more than 5% of shells it is allowed to cool with occasional stirring. The 
and germs (calculated on a dry' fat free basis, residual press cakes only require grinding, siftmg, 
I e. equivalent to not more than about 2% and flavouring to convert them into the ordinary 
on the nib as prepared) Similar definitions domestic cocoa powder. The amount of fat 
have been adopted for purposes of Food liCgisla- left in the press cake is determined by the 
tion in many foreign industrial countnes. It quality desired for the cocoa, and is usually 
may be noted that in Germany (c/. Verordnung about 18-30%, and rarely less than 0%. 

(ibcr Kakao u a w. 15/7/33) the term ** Kakao- Cacao mass is similarly prepared (but with 
6irfl<r "may only be applied to such an expressed the omission of the alkaline treatment) from 
fat : refined or extracted fat from cacao beans cacao beans intended for the manufacture of 
is designated as " Kalocftli.'’ eating chocolate, but m the case of high-class 

The expression of cacao butter is a necessary products, the whole of the fat is allowed to 
stage in the manufacture of cocoa powder, remain in the mass — indeed, it will be necessary 
which may be outlined as follows (for further to add further quantities of cacao fat when the 
details, *ee Cocoa, CnocotaTE) ; The dry sugar and other ingredients are incorporated, 
fermented cacao beans (seeds), which contain In England and other countries where the use of 
about 47% of fat, are first cleaned to remove cacao butter substitutes is permitted, manu* 
adherent dirt, etc., and then are roasted m facturers of cheap chocolates may express a per- 
rotating drums over coke or gas fires, m order tion of the costly cacao fat from the piass and 
to (ie\ clop the typical chocohto flavour and to replace it by cheaper substitutes (see Caocor-ATZ 
loosen the shells or husks from the kernels. Fats). 

The cooled, roasted beans are then kibbled. The production of cacao butter and cocoa 
I r. passed ^tween rollers which arc adjusted so powder are thus complementary ; but, whereas 
as to crack the shells without cnishmg more m the luxt century tho fat represented merely a 
than a email proportion of the kernels, after by-product of the cocoa industry, the rapid 
which the tiny rod-Lke germs (i e. radicles) modem increase — particularly since the War- 
arc removed by sifting, and the broken shells in the consumption of rich chocolate and milk 
by winnowing: a further sifting and grading chocolate has resulted in a demand for additional 
process removes any fine fragments of kemcf, cacao butter which has outstripped the supply 
sbeU, etc. (which are worked up separately for from normal cocoa manufacture, with the result 
fat, cattle-food, etc.) from the mam product, that the beans are now often expressed primarily 
which consists of clean, almost shell-free mb for the sake of the fat. In some cases the beans 
(cotyledons) and amounts to about 78-80% of so intended for the production of fat are not 
the original beans treated, ehclled before eru-hing and pressing ; it then 

In the next stage, the nib is finely ground becomes possible to employ continuous acting 
between mill stones, or in disc- or roll-type presses of the expcilcr typo (which cannot be 
mills; the bulk of the fat, winch constitutes used for shell-free cacao mass) for the expression, 
from 50 to 55% of the nib, is liberated and melts The fat recovered from unshelled beans may bo 
at the temperature of grinding, so that the expected to include a certain proportion of 
resultant material— the " cacao mass ” or ahell-fat and is, of course, excluded from use in 
" In|uid nib " — runs from the mill in the form chocolate manufacture in those countries which 
of a thick brown liquid, which sets into a hard possess food legislation of the tj-pe discussed 
block if allowed to coo), above ; the corresponding press-cake or meal 

It IS common practice nowadays to subject can only be employed for industrial purposes or 
the cacao intcndcxl for the manufacture of for cattle feeding. (According to Fmcke (1036) 
cocoa to a mild treatment with alkali (solabibs- in certain districts, e g. Spurn, beans intended 
ing or t^ninj, process invented by Van Houten, exen for chocolate manufacture are not always 
V. Cocoa) which may be applied to the roasted shelled before grinding.) 
bean, the finished cocoa powder, or, as is roost The filtered cacao butteV obtained by the 
nsual, to the ground cacao mass : as a rule 2-3% expression of sound nibs is fit for edible or 
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pharmaceutical use without further refintog. 
At ordinaiy temperatures, it is a hard, brittle 
(snappy) fat of a pale yellow colour which 
fades, however, on exposure to light ; it melts 
readily at 32°-34°C., is easily digested {cf. 
Langivorthy and Holmes, U.S. Dept. Agnc. 
Bull. 505, 1917 ; Gardner and Fox, Biochem. J. 
1919, 13, 368 ; McClure and Carr, Amer. J. 
Physiol. 1925, 74, 70), and possesses a pleasant 
chocolate-like odour and taste and good keeping 
properties. The peculiar combination of brittle 
consistency (snap) and relatively low melting- 
point, to yhich cacao butter owes its pre- 
eminent position as a chocolate and con- 
fectionery fat, is due to its consisting pre- 
dominantly of a mixture of comparatively 
few individual glycerides {v. infra). 

The acid value of commercial cacao butter of 
good quality ranges usually from 1-2 to 2-5, and 
should not exceed about 4-5 for fat from sound 
beans. Higher acid values are found for fats 
obtained from damaged, mouldy beans, or 
recovered from cacao waste, mouldy chocolate, 
etc. An abnormally low acid value would 
suggest that the fat had been deacidified arti- 
ficially, or that the solubilising treatment of the 
cacao had been misconducted with an excess of 
alkali ; in such a case, the fat should be examined 
for traces of metallic soaps. 

The following analytical figures are collated 
from analyses of commercial cacao butters by 
Knapp (he.) and Fincke (1929, l.c. ; 1936, he. ; 
cf. Z, Enters. Lebensm. 1928, 56, 312 ; cf. Lew- 
kowitsch, “ Chem. Tech, of Oils, Fats, and 
Waxes,” 6th ed., Vol. II, p. 601, for numerous 
earlier figures). 


Table I. 



Knapp. 

Fincke. 

<5 

0'858-0-865 

— 



1-4563-1-4573 

l-4567-l'4578 

Saponification value 

192-198 

f 

192-195-3 

S3-5-37-5 

Iodine value . . 

34-38 

(33-5-40 as 
extremes) 

Unsaponifiable mat- 


ter 

0-3-0-8%l 

— 


Flow-m.p. 

Melting-point of fat. 

32'’-34°C. <! 

31- 7°-33-5°C. 
Clear-m.p. 

32- 8°-35-3°C. 

Melting-point of the 
Insoluble fatty 
acids .... 

\ 48°-50'C. J 
j (titer-test) i 

Flow-m.p. 

49-4‘’-51-0‘'C. 

Clear-m.p. 

51-8°-53-6°C. 


' 0-3-0-35% In 8 samples examined by Grossfeld 
(Z.Unters. Lebensm. 1930, 60, 04), and 0-2-0'41% in 
the fat from 22 samplesof cnoco}ate (ibid. 1931, 62, 441). 


The Reichert-Meissl value (0'2-0-5), Polenske 
value (0-3), Kirschner value (0'5), and Bertram 
A- and B-values (0-06-OT2, and 0-3-0‘6 respec- 
tively) are all very low. The thiocyanogen 
value ranges from 32 to 35 (H, P. Kaufmann, 
Z. angow. Chem. 1929, 42, 402). 

The considerable difference figure between the 
melting-point of the fatty acids and that of the 
fat itself (l.c. some 17-19 units) is distinctive, 
and is valued by Fincke as a useful criterion of 


purity ; the presence of foreign vegetable fats 
may be indicated by a low (or even, in the case 
of hydrogenated fats, by a negative) figure for 
this difference. (N.B. — ^It is necessary to keep 
the sample of cacao fat in the solid state for a 
considerable time (48 hours) before determining 
the melting-point.) 

The composition of the fatty acids of two 
samples of cacao butter has been determined by 
Hilditch as follows : stearic acid, 34-5, 35'4% ; 
palmitic acid, 24-4, 24-4% ; oleic acid, 39T, 
38-1% ; linolic acid, 2-0, 2-1% (Hilditch and 
Lea, J.C S. 1927, 3106 ; Hilditch and Stainsby, 
J.S.C.I. 1936, 55, 95T ; cf. Lea, J.S.C.I. 1929, 
48, 41T) ; comparable figures have also been 
obtained by less exact methods by Amberger 
and Bauch (Z. Enters. Nahr. Genussm. 1924, 
48, 37) and Grossfeld (Kazett, 1930, 19, 178 el 
seq. ; cf. Z. Enters. Lebensm. 1930, 60, 72). 
From the iodine and thiocyanogen values 
Kaufmann (Z. angew. Chem. 1929, 42, 402) 
calculates the proportion of oleic and linolic 
acids in the fatty acids of nineteen samples of 
cacao fat as 34-38% and 2-5% respectively. 
The statements in the older literature (cf. Graf, 
Arch. Pharm. 1888, 226, 830) that arachidic acid 
occurs in cacao fat appear to he erroneous 
(Morgan and Bowen, J.S.C.I. 1924, 43, 346T ; 
Liining and Drude, Z. Enters. Lebensm. 1931, 
61, 491). 

An elaborate examination of the constituent 
glycerides of cacao butter by Hilditch and 
Stainsby (l.c.) suggests that the fat consists 
almost entirely of the mixed glycerides^ of the 
saturated and unsaturated fatty acids, as 
follows : 


Table H. 


Glyceride. 

1 % Of 

1 fat. 

1 

Configuration of 
glyceride. 

Oleo-palmito-stearin . 

B 

Probably both the a- 
palmito- and /3-pal- 
roito-isomerides. 

Oleo-di-stearin . . 

19 

Probably mainly /3- 
oleo-distearin. 

Stearo-di-olein . . 

12 

Both a- and fi-stearo- 
di-olein. 

Palmito-di-olein . 

9 

— 

Oleo-di-palmitin . 

0 

Probably mainly ;S- 
oleo-di-palmltin. 

Palmito-stearins . . 

2 

1 

1 

Mainly dl-palmito- 

stearin. 


ICoTE. — In the above analysis the small proportion 
of Unolic components in the fat is not considered 
separately, but is included in tlie olco-glycerides. 


A hydrocarbon (probably identical with amyri- 
lene, CjqH^h) and two sterols, m.p. 146°C. (162°- 
163°C. after regeneration from the di-bromo- 
acetate), and m.p. 136°-139°C., respectively, 
were isolated from the imsaponifiable matter 
of cacao butter by Matthes and Rohdich (Ber. 
1908, 41, 19, 1591 ; cf. Procknow, Dissert. 
Wuizbaig, 1909), whilst H. Labbe, H. de 
Balsac, and Lerat (Compt. rend. 1929, 189, 
864 ; Bull. Soc. Ther. 1930, [ii], 35, No. 4, 
71 ; cf. F.P. 700036) have identified two sterols, 
a-theosterol, m.p, 115°C., and p-theoslerol, m.p. 
134°C. ; ^-thoosterol is stated to acquire anti- 
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rachitir actmty after irradiation with ultis* I 
riolet light. Cacao butter ia also stated to I 
possess 'weak vitamin-A activity (Labb^, H. dej 
Balsac and Lerat, Bull. Soc. Th^r. 1030, [u]. 
No. 10). 

Traces oftAeo&iwniae are found in cacao butter, 
whether it be obtained by expression or by 
extraction with certain solvents. 

Expressed cacao butter contains only traces 
of phospbatides (less than 0 12%; ef^ Winkler 
and Sale, J. Assoc. Off. Agnc. Chem. 1931, 14, 
537 : Avent and Morgan, J.S C.I. 1932, 51, 
169T ; Rewald and Christlieb, Z. Unters. 
Lebensm 1931, 61, 620 ; Chem. Ztg. 1931, 55, 
393 ; Fincke, l.c. 1929, p. 119), although about 
0 4% can be extracted from the roasted bean 
by solvents (e/ Nottbohm and Mayer, Z. Unters. 
Lebensm. 1933, 65, 66) ; a somewhat higher 
content of phospbatides may he expected in the 
fat extracted from fabricated chocolate, since 
it IS current practice to add from 05 to I 0% 
(calculated on the fat) of vegetable lecithin to 
the chocolate during manufacture. The addition 
of lecithin to the “ mass,” in order to facihtate 
the expression of the fat, has been patented 
(Hanseatische hluhfenwerke A.-G., B.P. 360332). 
(For the detection of soya bean oil in fat con- 
taining soya lecithin. He Auerbach, Fettchem. 
Umschau, 1933, 40, 218 ) Lower grades of 
cacao fat may he obtained by pressmg or by 
solvent extraction from damaged cacao beans or 
from chocolate manufacturers' waste — nib« 
fragments, shells, and germs (v. infra). It is 
stated that a certain amount of cacao fat u 
recovered in Holland by solvent extraction from 
sound cacao, from which a first charge of lat 
has been obtained by expression. 

Edible cacao fat u chiefly employed in the 
manufacture of chocolate, but a certain amount 
IS used in other confectionery. During 1917- 
1918 cacao butter made a brief appearance on 
the market as a domestic cooking fat, although 
attempts made at that time to remove the 
characteristic aroma were not very successful 
(c/. Hartm and C.W.S , Ltd., B.P. 122612/ 
1918). However, by refining and deodon^ng 
extracted cacao butter of fair quality, a flaTour- 
less product may be obtained which appeara to 
be used to some extent for edible purposes in 
cheap chocolates, confectionery, etc., and perhaps 
in pharmacy. As stated above, however, the 
use of extiacted cacao fat for chocolate manu- 
facture is forbidden in certain countries. A 
colourless, deodorised product is now being 
offered for the pharmaceutical uses— cosmetics, 
suppositories, etc. — to which cacao butter has 
long been applied. Cacao butter is also employed 
in the tnfeitragt process for the extraction of 
essential oils. 

Cacao Shell Fat, Cacao Germ Fat.— The 
shells of the raw cacao bean contain some 1-2% 
of fatty matter and the germs about 3% 
(Fincke, I e. 1936, p. 303), but during the process 
of roasting, a certain amount of the nib-fat 
diffuses into the other tissues, with the result 
that some 3-8% of fat can be extracted from the 
shells of the roasted beans, and about 3 5% 
from the germs. A still higher proportion of fat 
(e g. 5-16%) may be obtained from the shells and 
germs as separated commercially in the ioctoiy. 



Cacao shell 
fat‘ 

..4» 

14570- 


1 4630 

Ifeltlog-polnt 

28 O’-Sa’C. 


SI»-32“C. 

Clear ui p 

38“-40*C, 


7-70 

Saponification 

value 

Iodine value . 

177 0-180 8 

39- 55 5 
(usually 

40- 50) 

Vnsaponiflable 

2 5-2 6 

matter % . 



since these fractions normally include a con- 
siderable proportion of fine nib-fragments. Owing 
to the presence of extracted impurities, the shell 
and germ fats are yellow-brown in colour and 
possess a disagreeable odour and taste ; they 
are softer than cacao butter and possess a higher 
iodine value and a greater content of unsaponifi- 
able matter (cf. Table HI). The acid value is 
high, unless the fat has been artificially de- 
BCid^ed. Cacao shell fat has, however, been 
refined and sold for edible purposes. 

Table III. 




14B20- 
1 4676 
about SO S* 
(but sets 
with dlS 
cnltj) 


21-40 
178-181 
(170n»ttel) 
50 8-70 0 


* lewKowlt*ch, " Olli, Fats, and Waxes, " 6th ed , 
Vol. II. p 595 ; Hartel, Z unters Xahr. aenuiim. 
1924,47.264; Galanos, i6)d 1924.46, 212: Fincke, 
tbid 192», 60. 205 ; I'Eeureux. Bull, asrlc. Congo 
beige 1931,22,498. 

* Two aarapfes • H. Fincke, " ICakaobutter u. Inre 
VerftlschuDgen,” Stuttgart, 1020, p. 148. 

*lnelve samples or germs hand separated from 
(taw and roasted 7) beans : H. Fincke, *' Handbuch 
der Kakaoerseugolsse,” Berlm, 1036, p. 803 ; </• 
Fincke. / e 1025 . HSrtel, 1 e 1924 ^ 

* The figure or 7 5-9®A on the fat from uoroakted 
shells gUen by Labhd, H. de Ualsac, and lerat 
(Comp rend 1029, 189, 864) requires confirmation. 
88% of iinsapoolSable matter has been found In a 
sample of fat extracted by light petroleum from pure 
cacao ehell by Vlrem and Ouillot (Ann. Falslf. 1936, 
29, 484). 

The fatty acids from a sample of cacao shell- 
fat examined by Schmits and Kanfmann [cf. 
Fincke, Lc. 1936, pp. 303-4) were found to consist 
of 64% of saturated (stearic and palmitic) acids, 
404%ofoleicaeid, and6 6%oflinolicacid ; the 
presence of solid unsaturated fatty acids is 
reported by Kupferberg (Thesis, Berlm, 1932 ; 
through Fincke, /.c.). 

Fincke (lc. 1929, p. 153) stated that 
extracted cacao shell fat may contain up to 1% 
of a crystallme substance (m.p. 1155'’-1185'(3.) 
insoluble in light petroleum, of which only 
traces (0 013%) could be found in express^ 
cacao butter ; it seems possible that this sub- 
stance is identical with o-theosterol (m.p. 115 C.), 
emce Labbd notes that the theosterols occur m 
much greater concentration in the shell fat than 
in the nib-fat. Cacao shell fat exhibits a con- 
siderable vitamin-D potency (cf. S. K. Kon 
and K. JI. Henry; Biochem. J. 1935, 29, 20M ; 
A. W. Knapp and Coward, Md. 2728 ; Analyst, 
1934, 59. 474). 
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Cacao butter, being very high in price, is liable 
to adulteration or eubatitution by chocolate 
fats of Bunilar physical characters. Tallow 
and paraffin wax, which were formerly employed 
as adulterants, are easily detected and hence 
have disappeared. Small additions of bleached 
beeswax are still occasionally employed as a 
stiffener in chocolate and are easily detected by 
the increase in unsaponifiable matter and the 
clear melting-point. Fats of the coconut oil 
group are revealed by high figures for the 
Polenske and Bertram A- values, and an estimate 
of the amount of such addition may be obtained 
by calculations based on these figures, as in the 
determination of coconut oil in margarine (c/. 
Baumann, Kuhlmann, and Grossfeld, Z. Unters. 
Lebensm. 1926, 51, 27 ; Kuhlmann and Gross- 
feld, Z. angew. Chem. 1926, 39, 24 ; Kloster- 
mann and Quast, Z.iUnters. Lebensm. 1927, 
46, 297). It must be remembered, however, 
that frequently hydrogenated or pressed coconut 
oil {coconut stearin), etc., is employed, the 
characteristics of which differ somewhat from 
the typical figures for the original fat which 
form the basis of the standard calculations. 

A qualitative test for the presence of pahn- 
kemel or coconut oils, etc., originally proposed 
by C!ohn (Z. angew. Chem. 1924, 37, 304 ; cf. 
Baughman, J. Assoc. Off. Agric. Chem. 1925, 
8, 703 ; Sale, ibid. 1931, 14, 526) has been 
adopted as a tentative method by the American 
Association of Official Agricultural Chemists 
{“ A.O.A.C. Standard Methods,” 1935, p. 201) : 
6 g. of the fat are saponified with 15 c.c. of 
alcoholic potash (26 g. per 200 c.c.); the 
soap is evaporated to dryness on the steam- 
bath, re-evaporated after the addition of 5 c.c. 
of water in order to remove all the alcohol, and 
then dissolved in 100 c.c. of water ; 100 c.c. of 
a saturated solution of sodium chloride are 
mixed in, and after standing for 15 minutes the 
solution is filtered through a Buchner filter ; 
100 c.c. of the filtrate are treated with a further 
100 c.c. of the salt solution as abpve and filtered ; 
this second filtrate is neutralised to phenol- 
phthalein with dilute hydrochloric acid (l-i-3) 
and 0-6 c.c. of the acid is added in excess ; 
the solution remains clear if the sample consists 
of pure cacao butter but becomes turbid if 
coconut oil, etc., is present. A blank test with 
authentic cacao butter should be carried out for 
comparison. Any milk fat present (as would 
be the case, for example, in the fat extracted 
from a milk chocolate) also produces an 
opalescence or turbidity ; in this case the 
approximate percentage of milk fat may be 
calculated from the lactose or casein content 
of the chocolate, and a matching mixture of 
butter fat and cacao fat tised for the blank teat. 

The amount of butter fat in the fat may also 
be determined by methods based on determina- 
tions of the Eeichert-Meissl and Karschner 
values, or of the butyric acid value, or Bertram 
B-value of the sample {cf. references under dis- 
cussion of detection of coconut oil {supra), Kulh- 
mann and Grossfeld, Z. Unters. Lebensm. 1926, 
61, 31 f Grossfeld and Wissemann, ibid. 1927, 
64, 352 : Grossfeld, ibid. 1935, 70, 459). 

Admixture of hydrogenated oils to cacao 
butter lowers the difference value between 


the melting-points of the fat and its fatty acids, 
and may also be revealed by the detection of 
tso-oleic acid or (occasionally) of traces of nickel 
{cf. H. P. Kaufmann, Chem. Umschau, 1930, 37, 
49, 7^). 

The detection of illipd (Borneo) tallow {q.v.) 
and similar “ green butters ” (t.e. vegetable 
tallows which may be coloured artificially to 
resemble Borneo tallow), which are largely used 
as substitutes for cacao butter, is a more trouble- 
some matter, and no single method is available 
which is entirely satisfactory in the case of mix- 
tures. The original Halphen test (J. Pharm. 
Chim. 1908, 28, 346) for these products may fail 
with the modem refined Borneo tallow (Knapp, 
Moss, and Melley, Analyst, 1927, 52, 452). The 
addition of these fats to cacao butter modifies 
the ordinary characteristics to some extent, 
the effect on the melting-point data being as a 
rule the most significant {cf. Knapp, Moss, and 
Melley, l.c ; Vizem and GuiUot, Ann. Falsif. 
1936, 29, 484 ; Tate and Pooley, Analyst, 1921, 
46, 229 ; B 3 rwaters, Maggs, and Pool, ibid. 

1 1927, 52, 324). Fincke (l.c. 1929, 1936) par- 
ticularly values the indications afforded by a 
determination of. the differences between the 
melting-points of the fat and its fatty acids, or 
between the numerical figures for the melting- 
; point and iodine value of the fatty acids ; others 
prefer to draw conclusions from the characteristic 
shape of the cooling (freezing-point) curve of the 
fat {cf. Pichard, Ann. Falsif. 1923, 16, 197 ; 
Bull. Off. Off. Int. Fab. Cacao et Choc. 1931, 1, 
95, 157, 245 ; 1932, 2, 29 ; van Boon, Chem. 
Weekblad. 1929, 26, 619 ; 1930, 27, 498 (dilato- 
metric method) ; Avent, Analyst, 1930, 55, 477 ; 
Vivario, Congrfes Int. Fabr. Chocolat et Cacao, 
Antwerp, 1930, vol. pr^paratoire, p. 171). 

The resistance to bleaching % light of the 
natural colouring matter of Borneo tallow may 
also serve as an indication of its presence 
(Knapp, Moss, and Melley, l.c.). Turbidity 
tests based on the critical temperatures of 
solution of the various fats in ether, aniline, etc. 
{cf. Marange, Ann. Falsif. 1923, 16, 454 ; Assoc. 
Off. Agric. Chem. “ Official Methods,” 1935, 
p. 201 ; cf. J. Assoc. Off. Agric. Chem. 1930, 
13, 486), appear to be less useful. 

Tables compiled by Fincke (” Kakaobutter u. 
,ihre Verfalschungen,” 1929, pp. 191 et aeq.) illus- 
trating the characteristics of mixtures of cacao fat 
■\vith almond, walnut, and hazel-nut oils, and/or 
milk fat afford useful data in connection ■with the 
examination of the fat from nut or nut milk 
chocolate ; the presence of coffee in chocolate 
may cause a slight increase in the iodine value 
of the fat (Fincke, l.c. p. 214). 

The detection of small quantities of extracted 
cacao fat (which is usually derived from the 
waste sheila or germs) is probably the most 
difficult problem of all, since apart from their 
high acid value (which can be reduced by de- 
acidification and refining) these fats do not 
differ very greatly from the nib fat in chemical 
properties. The folio-wing test for extracted 
cacao shell fat (due to Fincke) has been accepted 
provisionally as an official test in Germany : 
5 c.c. of the melted cacao butter are treated with 
1 c.c. of a 2:1 mixture of fuming hydrochloric 
acid and nitric acid (d=l-45) at 50°-70°C. ; a 
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red bro«Ti coloration indicates the pre<cRt« of 
the shell-fat (f/. al#o Aofrecht, Chem. Ztg. 1929, 
53. 318 ; Schmandt. Z. angew. Chem. 1929, 42. 
1039). 

Of the world exports of about 500,000 tons per 
annom of raw cacao, about 4"% {on the whole 
raw bean) represents the contained fat. On the 
earoe basis, the home consumption of raw cacao 
of the United Kingdom m 1936, which mounted 
to some 102,000 tons, corresponded to abont 
47,940 tons of cacao batter* to this must be 
added imports of cacao butter which ranged 
from 6.407 tons (ralne £396,052) in 1934 to 
8,660 tons (value £572,890) m 1936, of which 
about 64% and 96% respectively were derived 
from the Netherlands. Domestic exports (in- 
cluding re-exports, which were negligible) 
amounted to about 500 tons m 1934, 1,000 tons 
in 1935, and 2,000 tons in 1936 (valued at 
£38,500, £75,000, and £152,000 respectively) 
Holland is the largest exporter of mannfactnied 
cacao butter, 17, 830,447, 20,954,417, and 
22,641,747 tg (valued at 2,461,257, 3,176.628. 
and 3,986,126 gadders) bemg export^ to all 
parts of the world in 1934, 1935, and 1936 
respectively E. L. 

CACAO RED. Ahloodredpowderobtained 
^Rcuttcr(Compt rend. 1913,156. 1642; Chem. 
Zentr. 1913, u, 518) on hydrolytmg a crystallme 
product cofflonn, CiiHmO^N^, m-p. 164*-I85*; 
the red powder yields crncose, COj and cacao 
brown when treated with H,SO|. 

Fincke (Z. Unten Lebensm. 1928, S5, 559 ; 
Chem. Zentr. 1923, u, 2300) describes cacao red 
as very soluble in alcohol, red tf acid, nolet 
when neutral and green if alkaline. Cacao 
brown dissolves in aqueous alkaL with a brown 
colottr. 

Ecidnschha and Bienert (J pr. Chem. 1927, 
\ (u). 117, 262 ; 1923, (u], 119, 199) put forward 

^ in their second paper the formula (CjjHjjO, Jr, 
and the constitntion of a denrat ive of 3' 4'-.3A.7- 
tJcntahydroxy-O 8 difflethyl-2 3-djhydrofiaTone. 
HeiduschLa and Bienert in their first paper 
obtained cacao red l*8-2^o cacao beans 
(not defatted) as an amorphous powder of a fine 
red colour, which carbonises when heated with- 
out melting. Very hygroscopic, astringent taste ' 
Gives no sugar when heated with water or with 
dilute sulphuric acid. Its solutions arc colloidal 
and without dyeing properties (</. Wehnier, 
I’flanzenstoffc. 1931, u, 773). 

CACHALOT OIL. Oil obtained from the 
blubber of the cachalot. (For its properties and 
composition, r. Fendicr. Cbem.-Ztg. 1905, 29, 
555.) 

CACHOU DE LAVAL. The carhest 
snlphidc dyestaff, a direct cotton dye prepared 
by heating eawdost, bran, etc., with sulphur and 
sodinm sulphide. 

CACODYL CARBIDE 

(CHJjAsC CAs(CH,), 

r. AzsESTcaLs, Oacainc. 

CACODYLIACOL. Guaiacol cacodylate, 
(CHAJ^sO O C,H,(OCH,).H,0. 

CACODYLIACOL. CaeodyUatol. Syn- 
for guaiacol cacodylate. 

CACODYLIC ACID, dimethylarsimc arid. 


MejAsO OH (r. AasE>ncALs, Oroasic). The 
sodium salt is nWd in medicine. 

CACOTHELINE, C„H„OjN JNO,)p ta 
a nitro derivative of brucine employed as a 
spot test for tin (r. Chemical Avaltsis and 
Ind. Eng. Chem. (AnaL) 1935, 7. 26). 

CADALENE. l:6-dimetfayl-4 iaoprop}). 
naphthalene is a liquid, b.p. 157^-158712 mm. 
obtained by dehydrogenation of cadmene with 
sulphur (Ruzicka* and Meyer, Helv. Chim. Acta, 
1921, 4, 505), and is the fimt naphthalene hrdro- 
carbra to be prepared from a sesquiterpene. 

CADAVERINE. Pentamethylenediamine, 
NHt-tCHJt-NHj. 

CADE. OIL OF (Jumper Tar OQ). An 
almost black o3, obtained by the destructive 
distiOatson of the wood of Junipenis oxyadrui, 
a tree growing in the countries of the West 
ilediterranean. The oil, sp.gr. 0 975-1-010, 
contains a sesquiterpene, cadinene, Cj|H{,, 
and is used in chrome skin diseases (B.P.C. 
1934). 

CADECHOL. A molecular compound of 
camphor and deoxycholic acid. 

CADET'S FUMING LIQUID or AL- 
KARSIN. A brown spontaneously infiam- 
mableoil obtamed (I7C0) by distilling potassium 
acetate with anemous oxide. Bunsen showed 
that It contained cacodyl oxide, (Me,As),0 (r. 
Absewicais, Osoaxic). 

CADIE GUM. Synonym for gamboge 

CADINENE. 


CHMe CH, 



I 

CHMe, 

CHMe CH, 
H.cT^ CH 

I I I' 

HC CH CMe 



I 

CHMe, 


P 

The sesquiterpene hydrocarbon, eadi^ene, 
Ci,H„. b.p. 134M36711 mm, 99319. 

1*5079, [o)j„, -125 2® (Henderson and 
Robertson, J.C.S. 1924, 125, 1992), occurs vep* 
widely distributed in nature. It forms the 
sesquiterpene constituent of oil of cubebs, 
galtenum oil, and oil of cade. The dert^ 
rotatory form, b.p. 13S®-140®/I3 mm, o’ 
0*9260, 1*30934. aD-h3S72®, has been 

ftolated bv Deuisen (J. pr. Chem. 1923, (iij^^. 
121) froin West Indian sandalwood oil. The 
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hydrocarbon is best identified by the preparstioB 
of the diJiydnxUoride, m.p. Mo 

—36 24*; the diAydro^omide has m.p. 124*— I 
125*, the diiydrnodid£, m.p. 105"-106*, the' 
nt/nwocUonde, m.p. 93®-W®, and the in'/rosa/e, 
m.p. 105*-11(^. If cadmene is treated with the 
Bertram'Walbanm reagent or heated mth 
fonnie acid at 100* it is isomerised to iaoeadintiu, 
h.p. 124*-126°/11 mm., d* 0-914, b* 1-515 
(Henderson and Robertson. J.C.S. 1924, 125. 
1992 ; 1926. 2811 ; Robertson. Kerr and 

Henderson, ibid. 1925, 126, 1946) which is 
probably identical with the hydrocarbon 
separate by IWger and FeZman {A«h. Pharm. 
1893, 236, 692) oil of cade. This hydro- 
carbon has been prepared abo by Rnzicka and 
Capato (Heir. Cl^. Acta, 1925, 8, 289) from 
neroLdol and bisabolene. 

C&dinene baa been shown to be a mixture of 
tbe two hydrocarbons represented by (I) and 
(II). On dehydrogenation with sulphur it yields 
cadalene (1:6 dimethyl-4-tsopropylnaphth^ene) 
(m), whilst on catalytic hydrogenation it girea 
MraiydroeadaUtie,CiiHfg,b.p.l25'‘-l28yiOmm., 
d* 0-8038, n* 1-48045, oq —20®, thns prov- 
ing the presence of two ethylenie Lnkages, 
which cannot be conjugated sinco cadmeno is 
not reduced by sodium and alcohol. One of 
the ethylemc Imhages mnst be adjacent to the 
uopropyl group, since copaene (IV) gives 
with hydrogen chloride cadmene dLibydro- 
chloride (V). An mrestigation by Rnzicka and 
Btoll (Eelv. Chim. Acta, 1924, 7, 8C) has shown 
that cadinene on ozonolysis gives a mixtore of I 
two dibasic keto-acids, vhich are 

probably represented by (VI) and (VII) being 
denved from the hydrocarbons (I) and (II) as 
indicated in the scheme given on p. 189. 

<7. I>. 6. 

CADINOL. Thedeitrorotatoryformof the 
sesquiterpene alcohol, cadtnci, C{)Hj,0, b.p. 
155®-156®/12 mm., d]\ 0 9665, n‘* 1-6054, 
Cjj -f 7-7®^waa isolated by Senunler and Jonas 
(Ber. 1914, 47, 2073) from galbanum od (from 
Pevetdanum ^albamjluttm and P. rudteauk). 
whilst Henderson and Robertson (J.CS. 

ffffj showed' (fie fsvorotatory afeofiofj 
{[aJo— 5 4") to be present in oil of cubebs. The ' 
presence of these alcohols has been obeerved 
also in other oils. 

Cadinol is a tertiary alcobo! yielding cadalene 
on de-hydrogenation. On treatment with 
hydrogen chloride cadinene dibydrochloride is 
obtained. According to Rnzicka and £toU 
(Helv. Chim. Acta, 1924, 7, 94) cadinol is 
probably a mixture of tbe three alcohols repre- 
sented by the formula given below. 


CHMe CH, 

CH 

I I) 

H,C CH CMe 

/ \ 

Me,HC OH 

^Cadinol. 


CHMe CH, 

H,c5^ ^H, 

H(1 (1h 




L 


CH, 


CHMe CH, 
H,d^ CH, 

c (in ^(Imb 


H,C 


/ \ 

Me,HC OH 
o-CadiaoL 


HMe, 
y-CadlsoI. 

J. L. S. 

CADMIUM (Aoimtum.Ger.) Sym. Cd. At. 
wt. 112-41. at. no. 48. Isotopes, 106, 108, 110, 
in, 112, 113, 114, 116. 

Bistory . — 'The metal cadmium is of com- 
paratively recent discovery, for it was unknown 
before 1817, in which year Stromeyer obtained 
it from Its oxide, having been led to this dis- 
coveiT by observing the yellow colour ef a 
sample of tine carbonate which was not due to 
iron. At about the same time Eermano found 
, that certain samples of zinc oxide when du. 
solved in hydrochloric scid gave a yellow pre< 
dpitate with hydrogen sulphide, and that this 
precipitate was tbe sulphide of a new metal with 
properties similar to those observed by 6tro* 
m^er. 

d^urreace.— Cadmium ocenta in veiy smsll 
quantities as sulphide, CdS, in greenocKle, 
whidi is a yellow nuncial, giving a streak between 
orange-yellow and brick red. It often occur* 
as a coating on zme ores, and the chief locshtles 
for its occurrence are Bishopton (Scotland) 
Pribram (Czechoslovakia), and FnedensviUe 
(Pennsylvania). Cadmium occurs in small quan- 
pr\}6abfyassa!piid9aita, iaxmaeafplcifi! 
ores, and the metal is obtained as a by-product 
during (he extraction of zinc by distiliationor 
wet methods from these ores in which it is 
present up to an amount of about 0 4%. It 
occurs also in carbonates and silicates of zinc, 
and is found in most samples of commercial zinc 
obtamed by distillation methods. 

Cadmium is also recovered during the treat- 
ment of certain ores of lead and copper. In the 
case of lead ores containing zinc, these may 
contain cadmium up to 0 02%. Small as this 
percentage is, the metal heeomea coocentrsM 
m tbe fumes from the blast-furnace smeltii^ 
of the ore for lead, and cadmium is found in 
appreciable quantities in the dust obtained from 
the bag-house filtration plant. A small quantity 
of cadmum also finds its way into the lead or 
base bulL’on obtained by tbe smelting of snch 
ores and this is concentrated in the vat residues 
resulting from the electrolytic refining of the 
lead. In the case of copper ores associated with 
xine mineral^ a small amount of cadminm is 
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frequently present, and here again during the 
blast-furnace smelting of these ores the cadmium 
becomes concentrated in the dust obtained by 
the bag-house filtration of the furnace waste 
gases. Cadmium has also been found in coal 
and in the ash of coal, for example, Eichardson 
reported 1-21% CdO in the ash of coal from 
Berwick, Scotland (Jahresbericht, 1847-8, 1, 
1120). Certain strongly acid mine waters in 
the Joplin district contain sulphuric acid, 
zinc sulphate, and small quantities of cadmium 
sulphate, the last of which has also been re- 
ported as present in mine waters in the Missouri 
zinc region. Hillebrand reported 0-1% Cd 
in the waters of a spring on Shoal Creek, 
Missouri (Bull. U.S. Geol. Survey, 1893, 113, 49). 

In recent years the demand for cadmium and 
its compounds has increased enormously, and 
the chief producers have been U.S.A., Canada, 
France, Belgium, Australia, Norway and 
Poland. There are potential supplies of the 
metal in Italy, also from zinc ores, and another 
source is the accumulated flue dust at the 
Otavi mines at Tsumeb (British South-West 
Africa), shipments of which have already been 
made to Germany for treatment. Cadmium is 
also recovered in this country during the 
purification of zinc sulphate, in the manufacture 
of lithopone, and from various residues of zinc 
extraction processes. 

Preparation. — (a) Cadmium was formerly ob- 
tained from the first portion of distillate during 
zinc ore reduction. In the reduction in retorts 
of the zinc oxide produced from zinc ores the 
first portions of the distillate consist of a mixture 
of the metals zinc and cadmium and their oxides, 
but contain a higher percentage of cadmium (on 
account of its higher volatility) than the original 
ore. By coUeoting this material, mixing with 
fine coke, and submitting it to further distilla- 
tions, at a dull red heat (800"), cadmium 
containing a little zinc is obtained which may 
he further purified by distilling in vacuo. E. A. 
Partridge obtained spectroscopically pure cad- 
mium by redistillation in vacuo nine times 
(Amor. J. Sci. 1890, 40, 377). (6) From the wet 
process of zinc extraction. The greater part 
of the cadmium recovered is now obtained as a 
by-product during the treatment of zinc ores 
for the electroljdiic deposition of the zinc. The 
zinc concentrates are roasted and leached with 
sulphuric acid. After removal of copper from 
the solution thus obtained, any cadmium present 
is precipitated by means of zinc dust. The 
metal is thus obtained as a spongy mass 
which is partially oxidised, dissolved in 
sulphuric acid, and the cadmium deposited 
elcctrolytically, an anode of ferrosilicon and a 
cathode of cadmium being used, this cathode 
having been previously deposited on metallic 
aluminium and removed therefromi The de- 
posited cadmium is melted down in an electric 
furnace under caustic soda and cast into sticks. 

Flue-dusts, bag-house products, etc., contain- 
ing cadmium are treated in a similar manner. 

At the works of the National Smelting Co., 
Avonmouth, various residues from the zinc 
smelting process are treated as above for the 
recovery of cadmium sponge, which is then 
submitted to distillation yielding metal con- 


taining over 99-95% Cd (Metal Ind. 1937, 50, 
113). 

Detection and Estimation. — See Chemical 
Analysis (pp. 567, 580, 590, 654, 700). 

Spectrography. — ^A. de Gramont, using a quartz 
spectrograph, found the most' sensitive rays to 
be 2,288-0 and 2,265-0, the latter being the last 
to disappear (Twyman, “ Wave Length Tables,” 
A. Hilger, London, 1931). By using the line 
2,288-0, it was foimd possible to determine 
from 0-001 to 0-75% cadmium in zinc, using 
tin lines as supplementary standards of intensity. 
It is also estimated that about 0-00005% 
cadmium can be detected with certainty in lead 
samples, using the arc method (“ Metallurgical 
Analysis by the Spectrograph,” D. M. Smith, 
Brit. Non-Ferrous Metals Eesearch Assoc., 
1933). 

Proparties . — Cadmium has a white colour with 
a tinge of blue, a metallic lustre, and takes a 
high polish. It is soft, giving a metallic streak 
on paper but less readily than lead ; it is harder 
than tin and softer than zinc. It is ductile and 
malleable and may be drawn into fine wire or 
hammered into thin leaves. When heated to 80° 
it becomes brittle and may be powdered in a 
mortar. When pure it crystaUises in hexagonal 
pyramids and emits a crackling noise like tin 
when bent and gives a brilliant crystalline 
fracture. It has been contended that there are 
two allotropic modifications of cadmium with 
a transformation temperature of 37-5° or 60°, 
although opinions are divided on this point. 
jEecent work by Owen and Roberts on the 
thermal expansion of the crystal lattices of 
cadmium gives no evidence of such a change 
(Phil. Mag. 1936, [vii], 22, 146, 290). 

Cadmium melts at 320-9° and boils under 
atmospheric pressure at 767°. Its vapom- is 
yellowish-brown and at 1,040° the vapour 
density is 3-94 referred to air and 56-3 referred 
to hydrogen, suggesting that at that tempera- 
ture cadmium is monatomic. The latent heat 
of fusion is 13-0 g.-cal. and of vaporisation (cal- 
culated from vapour pressure) is 251 g.-cal. The 
specific heat of the solid metal varies from 
0-0019 at 10°K.,. 0-0474 at ]00°K., 0-0527 at 
200°K., 0-0552 at 300°K;., 0-0617 at 594°K. 
(solid) to 0-0667 at 694°K. (liquid) (F. Lange and 
F. Simon, Z. physikal Chem. 1928, 184, 374). 
Other results give from 0-0551 at 76°C. to 
0-0620 at 300°C., that of the liquid metal between 
the temperatures of 350° and 600° is 0-0617 
g.-cal. per degree C. (S. Umino, Sci. Eep. 
Tohoku; 1926, 15, 697). 

The cast metal has a density of 8-648, which 
may be increased by cold work (rolling, hammer- 
ing, etc.) to 8-6944. By heating cadmium in a 
cadmium sulphate solution at 60°-70° for 12 
hours the density fell from 8-655 to 8-648 (A. C. 
Egerton and W. B. Lee, Proc. Roy. Soc. 1923, 
(A), 103, 48). The shrinkage on solidification is 
4-74%. The Brinell hardness of cast cadmium 
is about 21-23 kg. per sq. mm. under a load of 
500 kg. applied by a 10 mm. ball for a period 
of 2 minutes. The effect of forging or rolling 
the metal is to increase its hardness at first, the 
maximum hardness value being reached about 
1 day after the ojwration, then rapid softening 
proceeds for a period of from 10-100 days, the 
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worked metal becoming nltiraately softer than 
the cast material. The tensile strength of the 
cast metal ranee from 3-75 to 4-7 tons per sq in. 
with an elongation of 66-^6%. The effect of 
cold work is to increase both tensile atrength 
and elongation, but long ageing after work 
hardening causes a redaction to figures below 
those obtained for the cast metal (C. H. hL 
Jenkins, J. Inst. Metals, 1931, 45, 307). 

The thermal conductivity of the metal is 
22 g.'Cal. per cu.m, per degree per sec , and the 
electrical resistivity in microhms per cm.* at 
20®C. for extruded rod is 6 85 and for drawn 
wire 7-59 ; at 100° for extruded rod 9 03, and 
for drawn wire 9 94 (Jenkins). The Imear ex- 
pansion coefficient at 0°-100° is 0 0000306. The 
surface tension of liquid cadmium varies from 
570 dynes per cm at 330° to 597 at 400°. Cad- 
mium 13 diamagnetic. Colloidal cadmium may 
be obtained by sparking under water usmg a 
cadmium cathode. 

When heated in air to a temperature of 300° 
a brown oxide layer is formed on the surface 
of the metal accompamed by a weight increase 
danitg the first 50 hours of heating, after which 
time further heating, even up to 400 hours, 

f ives no increase in oxidation, the layer of oxide 
ecoming impenaons (Pilling and Bedwortb, J. 
Inst. Metals, 1923, 29, 575). On heating to 
higher temperatures cadmium burns, evolving 
brown fumes of oxide. Moist air oxidises 
the metal superficially, covering it with a 
greyish-wtute film, The metal does not decom- 
pose water at 100°, but cadmium vapour 
decompoaea steam forming the oxide and liber- . 
atmg hydrogen, ^lien finely divided cadmium 
is moistened with a 10% solntion of eodium 
or potassium hydroxide in the presence of air 
or oxygen and the excess moisture removed 
by pressmg, a reaction occurs with incandescence 
and the metal is completely converted into 
oxide (W. S. Sebbom, Trans. Faraday Soc. 
1933, 29, 639). The metal Is attacked readily 
by hydrochloric, sulphuric and especially by 
nitric acid, and dissolves slowly in acetic acid. 
It combines directly with the halogens (in 
aqueous solution) and forms double s^ts with 
potassium, calcium, magnesinm, etc. Its salts, 
especially the iodide, are but slightly dissociated 
in solution, and hence precipitation of the 
metal is usually incomplete. The salts, the 
vapour of the metal, and that of the oxide are 
poisonous and cause severe diarrhsa, violent 
vomiting, and dryness of the mouth and tbroat. 

Alloys. — SmaU amounts of cadmium with 
copptT increase the mechamcal strength, 

0 9S% Cd increases that of hard drawn copper 
wire 60% while decreasing the electrical con- 
ductivity only 14-5%, Thus copper contaiuiiig 
0 8-1 0% Cd is reported to have the best com- 
bination of electrical and mechanical properties 
of any material available for trolley wires and 
other electrical purposes (Q. IV. Preston, Elec. 
Rev. 1935,116, 372). Even 0-15% Cd in copper 
stabilises the work- toughening of the metal under 
exposure to heat (up to 300°), such as may be 
caused, for example, byasbort circuit. Thecom- 
pounds Cu.Cd and Cu^Cd^were indicated in the 
earlier work on the cadmium-copper series (Sah- 
men, Z. anorg. Chem, 1906, 49, 301), but later 


work by Jenkins and Hanson shows that there 
are six primary constituents capable of separat- 
ing from the liquid state and that there are two 
eutectics, one containing 39% Cu at 544*andtli6 
other 1-2% Cu at 314° (J. Inst. MetaU, 1924,31, 
257} ; the alloys rich in cadmium are steel grey 
and soft, but harden as copper is increased up to 
26 5%, after which the hardness decreases and 
the copper colour appears. Cadmium alloys 
contaimng more than 80% txher give uniform 
and homogeneous metal letter smted for trial 
plates for silver coinage and silverware than the 
correspending copper-silver alloys. Ke low 
silver alloys take a high polish, tarnish less iKin 
silver, and are used for mirrors ; these alloys 
may be deposited electrolytically. Silver alloys 
contsining up to 25% cadmium are used for 
silver plating, and silver-cadmium alloys con- 
taining some copper are white and used by 
jewellers for plate and wire. An alloy containing 
Cd 97-5, Ag 2-25, Cu 0-25% has been used for 
bearings m automobiles. Cadmium forms amal- 
gams with mercury, formerly used by dentists 
but now largely abandoned as they cause a dis- 
coloration of the dentme. The c^mium-ntckel 
senes shows a eutectic at 0-25% Ni at 316°, con- 
sisting probably of Cd and NiCd^ (C. E. Swartz 
and A. J. PhiUips, Amer. Inst. Mm. Met. Eng 
i934. 111, 333). Cadmium-mckel alloys con- 
tauung 1-2% nickel are used for bearing metab 
and have good frictional properties. Owing to 
their relative high meltmg point and wear 
reautance they are suitable for bearings of high- 
compression type engines, motor cars, etc. A 
1-35% Ni alloy easts easily, bonds readily to the 
common backing materia], is not easily oxidised, 
and its hard constituent NlCd^ does not 
'scratch the softest steel: this is wing manu- 
factured under licence in this country under 
the name “ Asarcoloy.” 

With sine there is a eutectic 63 6% Cd, 
m.p. 263°, and the high cadmium alloys are used 
as substitutes for brazing metal for cases in 
which the ordinary working temperature would 
affect the properties of the brazed metal. These 
alloys are considerably stronger than the lead 
tin solders. The addition of cadmium to 
brass above 1 0-l'5% materially reduces the 
strength, e g. 4% cadmium practically destroys 
the strength of a' 70% Cu, 30% Zn brass. 
Cadmium is sometimes used as a partial or total 
substitate for tlninlead-tia soldersand cadmium- 
lead alloys contaimng 82-97-5% lead have been 
recommended for bearing metals. The ternary 
bearing metal Cd 96-7, Cu 3-1, Mg 0 2 is of 
high class, having a greater hardness, higher 
melting-point and lower coefficient of friction 
than the tm-base bearing metals. It does not 
begin to distort under a pressure <2,500 lb. 
per aq. in. as against a pressure <l,50O Ib. per 
sq. in. for the tm-base alloys and is used for 
automobile crankshaft and other bearings. One 
of the specifications of the Bntish Non-Ferrous 
Metals Research Association for cable sheathing 
to resist the cracking tendency consists of lead 
conta ining 0 25% Cd and 0-5% Sb. Cadmim 
entera into the composition of a large number 
of ternary and quaternary alloys contaiiung 
bismuth, many of which melt below 100 (v- 
Bismuth, Alloys of Bismuth). 
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Cadmium is used in a number of alkaline cells 
and accumulators ; a primary cell giving a 
large ampere-hour output at a low but constant 
E.M.i’. was described by Edison in 1900 ; 
cadmium amalgams are used in standard cells 
employed in standardisation and testing as they 
are capable of giving a constant E.M.F. inde- 
pendent of varying conditions. Alkaline 
accumulators for which cadmium is required 
are largely used and have distinct advantages 
over ordinary lead cells, as they may be com- 
pletely discharged or allowed to remain charged 
without attention and with no harmful results. 

Cadmium Platings and Coatings . — The use of 
cadmium for plating purposes is growing in 
popularity and was first applied to the water- 
proofing of piano wires, then to motor parts 
and accessories. It is used as a substitute for 
silver on ornamental articles and for nickel and 
chromium in other industries. Cadmium plating 
is best carried out in cyanide baths although 
acid solutions of the chloride or sulphate are also 
used. A. Siemens (Z. Elektrochem. 1930, 36, 
lOI) recommends in cyanide baths a 10% 
e.xcess of cyanide over that needed to form 
K 2 Cd(CN) 4 . The cadmium content of the 
solution is 40-50 g. per litre, the process being 
carried out at 40°. The throwing power of 
these baths is so good that articles of compli- 
cated design may be plated. The efficiency is 
93-98%, a coating 6/i thick being produced in 
15 minutes with a cathode current density of 
1 amp. per sq. dm. The.addition of small quan- 
tities of colloids, and of copper, nickel, or cobalt 
compounds is said to aid the formation of good 
deposits. F. Pietrafesa and C. Luciani (Met. 
Ital. 1932, 24, 1) suggest sodium- cadmium 
baths. Increase in cadmium concentration 
gives increase in cathodic yield and in grain 
size. Increase in free NaCN, NaOH, or 
NujCOj increases the efficiency of the bath but 
reduces adhesion. Gelatin is found to be the 
best colloid for refining the grain size, but if 
this be used the presence of tin, lead, or antimony 
in the bath is deleterious. A zinc-cadmium 
brass (Cu 60-63, Zn 16-18, Cd 20-23%) may 
bo deposited from cyanide baths ; variations 
in the composition of the deposit may be effected 
by varying the composition of the bath, the 
current density used, the temperature of the 
bath, or the rate of agitation. Ternary alloys 
of zinc, cadmium and antimony may be 
electro-deposited from solutions containing zinc 
and cadmium as cyanides, and antimony as 
potassium antimonyl tartrate. A high cadmium 
concentration is required for an appreciable 
percentage of cadmium in the deposit. 

Cadmium coating may be effected by spray- 
ing the molten metal on to the object to be 
treated, and such coatings are stated to be 
superior to zinc in protecting petrol storage 
tanks from corrosion (Pessel, Ind. Eng. Chem. 
1930, 22, 119). Cadmium affords better pro- 
tection to iron and steel than does zinc against 
corrosion bj' the salt spray test and also in a 
warm, damp atmosphere and even if the coating 
be pierced the underlying metal is still protected. 
Against industrial atmospheres zinc is better 
than cadmium (c/. G.W. Blum, Metal Progr. 1936, 
29 ,40). Cadmium coatings are superior to zinc 
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as a protection against sea-water, but they are 
corroded by acetic, tartaric, citric and lactic 
acids, and by acid foodstuffs such as vinegar, 
cider and fruit acids, giving cadmium salts in 
quantities toxic to human beings. 

Compounds of Cadmium. — CadmiumMon- 
oxide, Cd O, is prepared bj' heating the carbonate, 
nitrate or hydroxide, or by burning the metal 
in a current of air or oxygen. It has also been 
obtained by heating cadmium in contact with 
the vapour of water, although if steam be 
passed over the heated metal the latter volati- 
lises below the temperature of reaction. This 
oxide is also formed by the action of sodium 
peroxide on molten cadmium, by the calcination 
of cadmium oxalate, by heating a mixture of 
cadmium chloride and mercuric oxide, or by 
melting cadmium fluoride with alkali carbonate. 
As usually prepared and met with, it is a dark 
brown refractory powder, and if this powder be 
heated in a current of oxygen it forms a dark 
red crystalline mass. It volatilises in air free 
from reducing agents at 700° as compared with 
the volatilisation of zinc oxide at 1,000°. It is 
insoluble in w'ater but soluble in acids. It 
absorbs carbon dioxide from the atmosphere 
and is readily reduced to metal by carbon or 
carbon monoxide. Its reduction by solid carbon 
commences at about 600°. It is used in alkaline 
accumulators. When finely ground with water 
(with or without zirconium silicate), moulded 
into shape, and heated to 800° it forms a mass 
of high tensile strength which is used for 
resistors in electric furnaces, and these are stable 
at high temperatures and more durable than the 
usual metal resistors. It becomes conducting 
when heated and therefore requires an auxiliary 
heating circuit (U.S.P. 1467810, 1923). 

Cadmium Hydroxide, Cd(OH) 2 , is a white 
amorphous powder precipitated by the action of 
alkalis on solutions of cadmium salts. It is 
soluble in ammonia but insoluble in solutions 
of sodium or potassium hydroxide or ammonium 
carbonate. It loses the elements of water at 300°. 

Cadmium Suboxide, CdjO, is formed when 
cadmium oxalate is heated in a stream of carbon 
dioxide (Tanatar, Z. anorg. Chem. 1901, 27, 433), 
or when cadmium oxide is heated with carbon 
monoxide (Brislee, J.C.S. 1908, 93, 162). It 
may also be prepared by dehydrating cadmous 
hydroxide, obtained by the action of water on 
the product formed by fusing cadmium chloride 
with metallic cadmium (Morse and Jones, J. 
Araer. Chem. Soc. 1890, 12, 488 ; cf. Denham, 
■J.C.S. 1919, 115, 556). 

Cadmium Peroxide . — Haas prepared the per- 
oxide with a composition ranging from Cd-Og 
to CdjOg (Ber. 1884, 17, 2249), while more 
recently Perkins has prepared peroxides corre- 
sponding to the formula Cd.OcxH.O, 
Cd 40 j, 2 H 20 , and' 3Cd0,2H202 ; cadmium 
oxide can be peroxidised by ozone at ordinary 
temperatures (J.C.S. 1929, 1687). 

Cadmium Chloride, CdCl 2 , is prepared by 
evaporating the solution of the metal or oxide 
in hydrochloric acid. It melts below a red he^t 
and sublimes at a higher temperature, con- 
densing in the form of micaceous plates. The 
hydrated chloride separates from a solution as 
CdCl2,2JH20. 
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Cadmium Iodide, Cdl,, is obtAised by 
digesting 1 part of cadminm Tvitb 2 parts of 
iodine in vater and evaporating. It crystallises 
in large transparent tables solable in water and 
alcohol. It IS now seldom used in medicine. 
On account of its stability and solubibty in 
alcohol has been used for iodismg coDodton 
plates m photi^graphy ' 

Cadmium Sulphide, Cadmium Yellow, Jaune 
Bnllanl, CdS. — Occurs m the mineral 
greenockite. This compound may be prepared 
by the action of hydrogen sulphide on aeolutioo 
of a cadminm salt or on cadmium vapour or by I 
beating cadmium or preferably cadmium oaide ' 
with excess of sulphur. It baa also been pro* 
duced electroIyticaJly m a two-compartment 
cell Sticks of electrolytic cadmium were used 
as anode and steel as cathode, and a weak acid I 
solution of an alkali sulphide as electrolyte. I 
Ferrous sulphide dissolved in the cathode com- ' 
partment acted as the source of sulphur, the iron 
remaining in a finely divided state as a by- . 
product The cadmium sulphide was precipi- j 
tated in the anode compartment (C O. Fink and I 
W. JI. Grosvenor, Jnr , Trans. Amcr. Electro I 
cbem. Soc. 1930, 58, 475). That prepared by ' 
the first method has the best colour and covering 
power. The vanoos hues of different prepara- 
tions depend on whether the substance is crystal- , 
line or amorphous, and on the sue and nature i 
of the surface of the grains It may be lemon I 
yellow or orange red m colour, and when heated ' 
to redness it becomes first brown and then 
carmine. It melts at l.TSC’ under 100 atmo- 
spheres pressure and sobdifies on cooling, u 
lammie of the onginal colour It is decomposed 
by roasting and is soluble in concentrated 
hydrochloric acid, it is also soluble in mtnc 
acid, and with difficulty in sulphuric acid. 
Cadmium sulphide has a brilliant colour and . 
IS used as an od and a u ater colour, and especially 
in the pottery trade. It is used for colouring 
soaps and m cahco prmtmg, also for colouring 
rubber articles, m which it has no adverse effects 
on the properties and is supposed to assist 
vulcanising ; it is also used for the production of 
a blue flame in pyrotechny. It is made into 
enamel pigments by addmg alkaEne or alkab'ne 
earth soJpiudes to a eolation of a cadmium salt 
and Igniting the product. The colours range 
from bluish red to orange-red. In association 
with selenium, red pigments known as cadmium 
red are obtained by heating 80-90 parts of 
cadmium sulphate with 20-10 parts of selenium, 
the product consisting of a mixture of crystals 
ofsulphide and eelcnide of cadmium. Cadmium 
sulphide, on account of its cost, is very seldom 
us^ alone, but is mixed or adulterated with 
other pigments. Pigments composed of sul- 
phide carbonate mixtures or sulphide sclemde 
mixtures are most prominent. The eadmopemes 
which are suitable foe use as industrial pigments 
consist of cadmium sulphide or sulphide- 
selenide mixtures co precipitated with l»num 
sulphate; these, although more expcusive than 
lithopone, have a better colour aud a greater 
covenng power. Zinc-base pigments are the 
chief adulterants used ; adulteration with copper 
or lead-base pigments results in double decom- 
position and blackening, ouing to the formation 


of black sulphide of copper or lead. Cadmiom 
sulphide is often used as a final coat over several 
coats of chrome yellow. 

Cadmium Sulphate, CdS 04 , is a very soluble 
salt prepared by diMolving the oxide or car- 
bonate m sulphuric acid. The hydrous salt 
SCdSOi.SHjO, is the principal form met with. 
It loses its water at 170® and its SOj at 890». 
It is used to some extent in medicine in place 
of vine snlphate, especially on the Contment. 
It is also used in the construction of the Weston 
norma! cell as a standard of E.M.F. The cell 
13 usually made in the form of an H. One of the 
limbs contains mercury covered by a paste of 
mercurous sulphate, the other contains (admiam 
amalgam. Above both, to nearly the top of the 
limbs, which are closed by waxed corks, is a 
saturated solution, with crystals of cadminm 
sulphate. Through the glass of the lower limbs 
plaGnum wires pass. The cell has an E.M.F, of 
I 0183 volts at 20°, and has the advantage of a 
very low temperature coefficient, fallmg by 
000004 volt for a temperature rise of 1°. 
Cadmium sulphate forms double salts with 
ammonium sulphate ; one such salt has the 
fotmida 

CdSOj-lNHJjSOj.SHjO, 
and another salt having the formula 
2 CdS 04 -(NH 4 ),S 04 

consists of microscopical crystals, hygroscopic, 
>eDow whsD hot, white when cold, and has 
3 11 (Veres, Compt. rend. 1914, 158, S9). 

Cadmium Nitrate, Cd(NOj){,4H}0, is pre 
paced by dissolving the oxide or carbonate m 
nitnc acid It ciystallises m deliquescent 
fibrous needles, soluble in alcohol. Cadmium 
nitrate u used as a colour for glass and porcelain 
in Ibe ceramic industry. 

Cadmium Cyanide, Cd(CN} 4 , is obtained as a 
white precipitate when potassium or sodium 
cyanide is added to a fairly concentrated solu- 
tion of a cadmium salt. It dissolves in excess 
of KCN or NaCN, and this solution is used as 
the electrolyte for electro deposition of cadmium. 

Cadmium Salicylate is prepared from the 
aad and the oxide or carbonate. It is readily 
soluble m alcohol, ether or glycerol, and is used 
m medicine as an external antiseptic. C. 0. B. 

CADMIUM LITHOPONE. A yellow 
pigment in which cadmium sulphide replaces 
the zme sulphide of ordinary Lthopone 
(ZnS-f BaSOf), 

or a mixture of cadmium sulphide and barium 
sulphate precipitated together. 

CADMIUM ORANGE, CADMIUM 
RED. A mixture of cadmium sulphide and 
cadmium selenide in varying proportions 
together with barium sulphate. The colour 
range is from red to purple (c/. J. Amer. Ceram. 
Soc. 1930, 18, No. 5, u, 44, and G.P. 337992 of 
419119 with addition 388535 of 31/1/20). 

CADMIUM YELLOW, m pigment con- 
aista of cadmium sulphide, which exuts in two 

modifications, lemon yellow and orange red; tee 

commercial pigment varies in shade within these 
lumta 

CAERULEOELLAGlCAQID.Ci.H.O,#, 

IS prepared by heating ellagie or flavellagie aciu 
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with sulphuric acid (monohydrate) at 185°-200°, 
or with arsenic and sulphuric acids at 100°-130° 
(Perkin, J.C.S. 1911, 99, 1442). It crystallises 
from pyridine in small pale yellow prismatic 
needles which melt above 360° and are very 
sparingly soluble in the usual solvents. Con- 
centrated solutions of the alkali hydroxides dis- 
solve it with a greenish-yellow 'Colour which, on 
dilution, becomes green and finally blue ; these 
changes appear to arise from oxidation. On dis- 
tillation -B-ith zinc dust fluorene is produced. 

The hexa-acetyl derivative, colourless needles, 
m.p. 330°-332°, and the hexabenzoyl compound, 
colourless needles, m.p. 343°-345°, have been 
prepared. 

When digested with aqueous-alcoholic potas- 
sium hydroxide, caeruleoellagie acid yields 
oclahydroxydiph'enyl, an almost colourless cry, 
stalline powder, soluble in dilute potassium 
hydroxide with a reddish-violet colour which 
becomes brown on exposure to air. The 
ocia-acelyl derivative, colourless needles, melts at 
177°-178°. 

The following constitution is therefore assigned 
to caeruleoeUagic acid : 


O— CO 



CaeruleoeUagic acid possesses ■weU-marked 
dyeing properties and yields the following 
shades on mordanted woollen cloth : 

Chromiuitu Aluminium. Tin, Iron. 

Deep olive- Greenish- Dull Greenish- 

yellow. yellow. yellow. black. 

A. G. P. and E. J. C. 
C/ERULEUM MONTANUM v. 
Azukite. 

C>!ESALP1NA SAPPAN (Pam. Legu- 
minosaj). An Indian tree, the wood of which, 
used as an astringent in place of logwood, con- 
tains brazilin. The drug is known as sappan, 
C/ESIUM. Sym. Cs. At. wt. 132-91, at. 
no. 65, no isotopes. 

History. — The discovery of the element 
cajsium was hastened bj' the use of the spectro- 
scope. In 1846 C. P. Plattner (Pogg. Ann. 
1846, 99, 443) analysed the mineral pollucite 
from the Isle of Elba and was mystified on 
finding that the constituents determined totalled 
only 92'75% ; careful search did not reveal any 
error in analysis or the omission of any con- 
stituent. In 1860 R. Bunsen and Q. IvirchholT 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1860, 
221) using the recently devised spectroscope to 
examine the mineral constituents of the spring 
waters of Diirkhcim, observed two lines of 
unknowm origin ; these they attributed to a 
new alkali metal, for which they proposed the 
name c.'csium, fron) the Latin csesius for blue as 
of blue eyes ; this was the first element to be 
defected by the spectroscope, and for the investi- 
gation of the compounds of the elements found 
in this water 40 tons were evaporated. In 1864 
P. Pisani (Compt. rend, 1864, 58, 714) repeated 


the analysis of the mineral pollucite and found 
that the whole of the potassium and part of the 
sodium reported by Plattner should have been 
determined as caesium, which would account for 
the 7-25% missing in the analysis. 

Occurrence. — ^Minerals containing caesium are 
widely distributed in nature, but there are few 
deposits rich enough to furnish large supplies 
of the metal. Most of the minerals containing 
caesium contain the elements rubidium and 
lithium also. Lepidolite (y.v.) is one of the best 
known lithium- and rubidium-bearing minerals ; 
•it is a complex lithia mica and has been found 
to contain as much as 0-77% Cs^O. Petalile, 
Li20,Al203,8Si02 ; amUygonite, 2LiF, 
AljOg.PjOj : triphylite {UFePO^ with some 
Mn) ; lithiophilite (LiMnP04 with some Fe), 
and camallite, KC^MgClj.SHjO, may contain 
•small quantities of caesium in addition to con- 
siderable quantities of LijO. Ca:sium occurs 
free from rubidium and lithium in the rare 
mineral pollucite or pollux from Elba and 
Hebron (Maine) ; this mineral is a hydrated 
caesium alumino-silicate in which the alumina is 
associated with ferric oxide, it may contain up 
to 32% CSjO. (For treatment, see A. Kastler, 
Bull. Soc. chim. 1927, [iv], 41, 428.) Caesium 
is also found in the mineral waters of Pranken- 
hausen, Baden-Baden, Vichy, and the Wheal 
Clifford Spring ; 1 litre of the latter was found 
to contain 1'71 mg. by T. Yorke (J.C.S. 1872, 
25, 273). It occurs in the waters of Bourbonne- 
les-Bains to the' extent of 32-5 mg. of CsCI per 
litre. Caesium has also been found in notable 
quantities in the products of the eruption of 
■Vesuvius (F. Zambonini and L. Coniglio, Atti 
R. Accad. Lincei, 1926, [vi], 3, 521). It is 
also found in sea-water and in the ashes of 
plants. 

Separation. — See Chemical Analysis (p. 
585). 

Preparation. — Ca?sium metal maybe prepared 
by the electrolysis of a fused jnixture of caesium 
cyanide 4 parts, and barium cyanide 1 part, 
using electrodes of aluminium (Setterberg, 
Annalen, 1882, 211, 100). It was obtained by 
N. W. Beketoff by heating the hj^droxido with 
aluminium in a nickel retort and condensing the 
metal in a glass receiver (J. Russ. Phys. Cliem. 
Soc. 1888, 20, 363). The metal was also 
obtained by Erdmann and Jlenke (J. Amer. 
Chem. Soc. 1899, 21, 259) by heating a mixture 
of ciesium carbonate and metaUio magnesium, 
and a similar method for the reduction of cresium 
hydroxide was used by E. Graefe and M..Ecknrdt 
(Z. anorg. Chem. 1899, 22, 158). A more rapid 
method giving a better yield is reduction by 
calcium ; 1 part of calcium in small pieces 
together with 4 parts of cesium chloride are 
heated in an e.vhausted hard glass tube ; reduc- 
tion takes place at about 400°, when the c.-csium 
volatilises and condenses in the cooler part of the 
tube (L. Hackspill, Ann. Chim. Phj-s. 1913, 
[viiij, 28, 613). R. E. Miesse has more recently 
patented a process for the preparation of the 
metal by heating caesium chloride and a rare 
metal alloy to 270° in an exhausted glass vessel 
until all traces of gas are removed. The 
mixture is then more strongly heated by radia- 
tion from an electric heater until reaction takes 
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place with the produclion of cesium metal and greyish white in colour, fuses readily at a 
rare earth chlorides (U.S.P. 1707637, lS29). red heat and crystallises from the fused mass in 
Deleetion and Estimahon. — See CaevxciX. opaque bnttle crystals. Its sp gr. is 4 018. It 
Axalysis (pp. 566, 585) la Tery h>gro8copic and dissolves in water with 

Spectrography — The more persistent Imes great evolution of heat due to the formation of 
obtamed with caesium chlonde solutions, using a hydrates and also to ionisation. Caetum 
spark method, are 4,593 2, 4,555 3. 4,538 9. and monoxide, CSgO, is prepared as an orange- 
2,523 6 (Twyman, “ Wave Length Tables,” ted powder by burning ciesium m insufficient 
A. Hilger, London. 1931). A de Gramont, also oxygen for its complete oxidation and distilling 
using spark methods, states that the distinctive off the excess metal ; it may also be prepared 
lines are 4,593 2 and 4,555 3 H. Lundegarth by shaking a solution of csesium in liquid 
confirms these figures but recommends a flame ammonia with oxj gen, w hen a pale pink precipi- 
specfnim technique and claims that the line tate of CSjO is obtained. Cizssum peroxide, 
4,593 2 will detect 0 0003 mol per litre (*' Die CsO^. is formed by heating caesium to 300“ in 
Quahtative Spektranalyse der Elemente,” Jena, excess of oxygen (Rengade), On heating CsO, 
1929). or on heating caisium m the theoretical amount 

Propertiee . — Cssium is a silvery-white metal of oxygen the oxide CS{0, is formed. Caeeium 
resembling rubidium and potassium in appear- hydride, CsH, is obtained as a white crystalline 
anee. Its space lattice is body centred cubic compound on heating the metal in hydrogen 
and the size of unit ceU is 6 03 A. It is soft at 300^. It u liable to ignite in a damp atmo- 
enough to be cut with a knife, tamiahes rapidly sphere and decomposes into metal and hydrogen 
in air, and decomposes water at ordinary tem- on heating to 500®. It is coloured by exposure 
peratures The action on water can be detected to cathode rays (Rengade). Ccssiiim tulphale, 
at —116® , it may be preserved m petroleum CSj^O^, has properties similar to those of the 
Its sp gr. at 0® 13 1 9029 (L HackspiQ, Compt. alkali sulphates. It forms ainms with the sub 
rend. 1911, 1S2, 259), its meltug-pomt is phates of the trivalent elements. It may be 
28 45® (E. Rengade, Osrapt. rend. 1913, 156, used for the detection of aluminium ; when its 
1897), and its hoiLng point 670®. It bums with solution is added to a solution of an aluramitim 
a reddish violet flame. The heat of fusion is salt a copious precipitate of the insoluble alum, 
3 766 g cal, the specific beat of tbe solid Cs.SO^ AI|(SO|)},24H{0, comes down (Hart 
metal ts 0 0522-f-0 000131 and of tbe liquid and Huselton, J. Amer. Cbem. Soc. 1914, 36, 
metal 0 0604+ 0 000034t , tbe atomic heat at 0® 2082) This test is sensitive to 0 1 mg rar c e. 
is 6 95 (Rengade, i e ) Tbe coefficient of Al, and only bismuth intetferes Costum 
expansion of the solid metal IS 0 000291 and of cAforide. CsCI, melts at 626®. It volatilises at 
the L'quid metal up to 50® is 0 000345 (Hack* high temperatnrea without decomposition. At 
spill, ( e ). It IS the most electro positive of the 2,000® the vaTOurs are composed of simple 
elements. Its salts are stable and it has a molecules. It wUs at 1,303® under 760 mm. 
strong tendency to form double salts. The salts pressure Tbe percentage contraction of cesium 
are isomorpbous with those of potassinm and nabdea on formation is veiy IJgh and Is equal to 
rubidium. E. Rinck (Compt. rend. 1934, 199, 54 9% with CsCI. Tbe property of forming 
1217) has determmed the equibbnum diagram polyhahdes is connected with the volume of the 
of the ciesmm sodium alloys by thermal analysis, cation, so that ciesium with the largest atomic 
A eutectic point occurs with 75 at. % Cs at volume forms them readily, and Csl,, Cstj, 
—30® and a transition point with 71 at. % at and C$l| are known, also CsBr^ and CsBr^, 
—8°, a compound Na^Cs being deposited but no polychlorides. There are, however, a 
between these points considerable number of polyhalides containing 

Uses . — There IS Lttle demand for caesium, but different halogens such as CsIBr^, CsICIj, 
It appears on the market as salts, mainly CsBrCI;, CsCIBr.. The colour gradates from 
chloride and hydroxide, and only rarely in the the black of polyiodide through orange to a pale 
metallic form. It has been used m the manu- yellow in the^bTOmochlondea. Csl^ is so stable 
facture of radio-valves , ciesium chloride that it has a decomposition pressure of only one 
IS mixed with magnesium and calcium and atmosphere at 250®. When a polyhabde is 
compressed into smaU pellets which are intro- exposed to air or is heated it becomes white and 
duc^ mto the tubes The pellets are flashed, the simplest alkah hahde containmg tbe most 
ehminatmg the last traces of air and thus negative of the halogen atoms is left behind, 
securing the desired vacuum. The csesium C- 0- 

cblonde supplies positive ions at the flJament. CAFFEARJNE. Found in tbe mother 
Csesmm is employed to a certain extent in tbe bquora of caffeine from coffee berries. It is 
manufacture of photoelectric cells, where it is identical with trigonelline {v.BETAiHES)lGorter, 
present as a molecular layer on tbe silver or Annalen, 1910, 372, 237). , 

base metal electrode. The photo emission of CAFFEIC ACID, 3 :4-dihydroiy cinnamic 
the thin caisium layer is greater than that of the aad, CgHj(OH)jCH:CH’COOH, crystallises 
massive metal. It is employed also m certain anhydrous in yellow prisms from concentrated 
luminous tubes contaimng neon under reduced aqueous solution, but with I mol. HjO from the 
pressure ; the electrodes arc mainly of graphite ddnte solution. It is found m coffee beans, also 
and contain occluded c*sium vapour. Csesium in the resin of laricio, in hemlock, and m 

is found to promote the catalytic action of iron the bark of Cinchona cvprea. Coffee beans 
in the synthetic ammonia processes (U.S.P. contain chlorogenic acid, which sphts up 
1510398). mto caffeic acid and qiiinic acid. The melting- 

Compounds. — Ccesiun hydroxide, CsOH, is point recorded ranges from 195° (Bamberger and 
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Klimhurg, Monatsh. 1917, 38, 462) to 223°-225° 
(Power and Browning, J.C.S. 1914, 105, 1832). 
For percentage of the acid in natural and 
treated eoffee, v. Rinek and Kaempf (Pharm. 
Zentr. 1931, 690). For detection, v. Hoepf- 

ner (Chem.-Ztg. 1932, 56, 991). For estimation, 
V. Pliicker and Keilholz (Z. Unters. Lebensm. 

1933, 66, 200, 615 ; 1934, 68, 97 ; Chem.-Ztg. 

1934, 58, 642). J. N. G. 

CAFFEINE AND THE ALKALOIDS 

OF TEA, COFFEE, AND COCOA.— The 
alkaloids of tea, coffee, cocoa and similar stimu- 
lant foodstuffs constitute a group of closely 
related derivatives of purine, C5H4N4 (VIII). 
The most important of these are caffeine, 
theobromine, and theophylline, all of which 
are used in medicine. The structural relation- 
ships of these alkaloids are shown below. 
Xanthine, hypoxanthine, and adenine have 
also been found in small amounts in tea. 

Caffeine, C8HJQO2N4, l:3:7-trimethyixan- 
thine (VII), is the most important alkaloid of 
the group and is found in tea, coffee, kola nuts, 
mate, and guarana paste in amounts varying 
from 1 to 6% cither free or combined with 
chlorogenic acid. Caffeine is obtained from 
tea waste and tea dust, and also as a by-product 
in the production of caffeine-free coffee. It is 
prepared synthetically in large quantities from 
theobromine by methylation with dimethyl 
sulphate in allcaline solution, a method w'hich has 
largely displaced the older synthetic process from 
uric acid. 

For the production of caffeine from tea dust 
and similar products the material is mixed with 
lime and extracted with water, the extract con- 
centrated, treated with litharge or magnesia, 
filtered, the filtrate concentrated and allowed 
to crystalh’se. Purification is effected by 
recrystallisation from water. 

In the preparation of. caffeine-free coffee the 
beans are first treated with super-heated steam 
and then extracted with a suitable low boiling 
solvent such as benzene or ethylidene chloride. 
The solvent is recovered and the residual 
crude caffeine purified by crystallisation from 
water. 

Caffeine is very soluble (1 in I) in boiling water, 
from which it crystallises on cooling, with one 
molecule of water. It is readily soluble in 
alcohol and in chloroform, less soluble in 
benzene and ether. The anhydrous base has 
m.p. 234'’-235° and sublimes at about 175°. 
It is a weak base. and its salts dissociate on 
evaporation of their aqueous solutions. In 
common with the other alkaloids of this series 
caffeine gives the murexide reaction. A few' 
crystals evaporated to dryness with a few drops 
of hj’drochloric aeid and a crystal of potassium 
chlorate give a brilliant purple colour on addition 
of ammonia. The colour is discharged by sodium 
hydroxide. Caffeine is official in the British 
Pharmacoposia and is very widely used in 
medicine, either in the form of the free base or 
as the citrate. Caffeine is a cardiac and renal 
stimulant and acts on the central nervous 
system, increasing mental activity, and in 
admixture with acetanilide, aeetylsalicylio aeid, 
or phenacctin is employed for the relief of 
nervouc headache and migraine. Combinations 


of caffeine with sodium benzoate or sodium 
salicylate, on account of their greater solubility, 
are used for injections. 

Theobromine, C,H802N4, 3:7-dimethyl- 
xanthine (VI), is the principal alkaloid found in 
cocoa beans, in which it occurs to the extent of 
from 1-5 to 2%. It is found also in small 
quantities in kola nuts and leaves, in guarana, 
and in tea. 

For the preparation of theobromine, the 
husks of the cocoa bean containing from 0-5 
to 1% of theobromine are freed from fat as far 
as possible either by pressure or by extraction 
with light petroleum and the residue extracted 
with benzene or toluene. After removal of the 
solvent, the residue is purified by crystallisation 
from water or alcohol or by solution in alkali 
and reprecipitation by acid. Other methods 
depend on extraction with milk of lime and 
precipitation of the theobromine by addition 
of hydrochloric acid to the solution so obtained. 

Theobromine is a white crystalline powder, 
m.p. 351°, and sublimes at. about 290°. It is 
sparingly soluble in water and most organic 
solvents, but crystallises well from glacial acetic 
acid. It is amphoteric but rather more basic 
than caffeine, although its salts with acids dis- 
sociate in water. It also forms salts with bases 
and the calcium salt can be crystallised from 
water. 

Theobromine is largely used in medicine, 
principally for its diuretic action. It resembles 
caffeine in its effects, its action on the central 
nervous system being, however, much less 
marked, and its renal effect more pronounced. 
It is employed alone or in combination with 
sodium acetate or sodium benzoate, etc. A 
mixture with sodium salicylate is official in the 
British Pharmacoproia. 

Theophylline, C2Hg02N4, 1:3 - dimethyl- 
xanthine (V) is isomeric with theobromine, and 
is found in small amounts in tea. Technically 
it is prepared synthetically from dimethylcar- 
bamide and ethyl cyanacetate (Traube, Ber. 
1900, 33, 3035). Condensation by means of 
phosphoryl chloride gives l:3-diraethyl-4-imino- 
barbituric acid (I). Nitrous acid converts this to 
the oximino derivative (II), which on reduction 
gives dimethyl-diamino-dio.xy pyrimidine (III). 
This on treatment with formic acid yields the 
formyl derivative (IV), which on heating loses 
w'ater with formation of theophylline (V), The 
constitution of theobromine (VI), caffeine (VII), 
and purine (VIII), is also shown. 
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Theophylline crystallises with 1 HjO, in.p. 
269’’-272°. It IS sparingly soluble in water but 
readily soluble in solutions of alkali hydroxides. 
It IS a weak base and yields salts with acids. It 
also forms derivatives with metals. TheO' 
phylline is employed in medicine, having a more 
marked diuretic action than theobromine. 
Tlieophylline sodium acetate, an equimolecular 
mixture of the two components, is soluble 
in water (1-25) and is ofGcial in many 
pharmacopceias 

Adenine, CjHjNj .6 ammo-purine,m.p.360*- 


5% sublimes at 236^ and is spanngty soluble 
in water. Hypoxanthine, C.H 4 ON-. 6 oxy- 
punne, mp. 150% and xanthine, C^H^O^Ni. 
2 6 *dioxy<punDe have, like aderuoe, bees found , 
in small quantities in tea but are of no technical 
importance. Punne has not been found occur* 
ring naturally but was synthesised by Fischer 
(Ber. 1808, 31, 2550). A. J. E. 

CAFPEOL, ca^eone, the name given to an oil 
obtained by steam distillation of roasted 
coSee beans and extraction of the distillate 
with ether (Erdmann, Ber. 1902, 35, IWC*) 
It contained acetic acid, valerianic acid, 
and fuifury! alcohol. The characteristic aroma 
was due to a nitrogenous substance, which de- 
composed when distilled, giving off an odour of 
pyridine (Bertrand and Weiswedler, Compt. 
rend. 1913, 157, 212) The B P. 246454 of the 
Internationale NahrungS'UndGenusamittelA.-G. 
modified the process by employing a high 
vacuum andin the moat volatile fraction detect^ 
diacetyl and other ahphatic a diketonea, 
acetaldehyde and methylethylacetaldehyde 
(2 methylbntaldehyde). The less volatile frac- 
tion forms a yellow or brown oil which i? 
intended for flavouring foodstuffs. 

CAFFETANNIC ACID consists mamly of 
chlorogenic acid. 

CAIL-CEDRA. Khaya lerugahiutg A,. 
Juss. A tree of the mebaceons order, growing 
on the banks of the Gambia and on the lowlands 
of the penmsula of Cape de Verde. Its bark is 
very bitter, and is much prized by the natives as 
a febrifuge, on which account it has been called 
the etnckona 0 / Senegal ; it contains, amongst 
other substances, an extremely bitter, neutral 
resinous substance, caDed call cednn, to which 
its active properties appear to be due. 

One kilogram of the bark yields about 8 mg. 


call cedrin (Caventou, J. Pharm. 1849, [m], 
16, 355 ; 1858, 33, 123). 

CAIRNGORM, A variety of quartz of a 
brownish colour. 

CAJUPUT, ESSENTIAL OIL OF.— 

The oil distilled from the fresh leaves and twigs 
of Melaleuca leucadendron, Linn. (Fam. 
Myrtace%). The shrub is found in India, the 
Malay Peninsula, the Dutch East Indies, the 
Molucca Islands, and in Northern Austraha. 
A large number of species of Melaleuca are found 
in Austraha, where they are known as tea trees, 
and the oils have been found to vary considerably 
in composition. The crude oil is obtamed 
chiefly from the East Indies and is imported in 
wine bottles. It is generally bluish or green in 
colour owing to the presence of copper derived 
from the still. For medicinal purposes it is 
required to be redistilled. 

Ctympoiilion, — ^The chief constituent is cineole, 
of which it contains 50-65%. It also contains 
(■a-pinene, a sesquiterpene, benzaldehyde and 
terpmeol combined with acetic, butync and 
valenc acida. 

Characlere. — It is a colourless or yeUow oil, 
ap gr. 0 D16-0 926 at 15 5% [a]“ 0* to -4% njJ 
I 462-1 472. Soluble in 2 vols. of 80% alcohol. 
The cineole is determined by the method 
official in the Bntish Pharmaconceia 

(^juput oil IS used medicuiaUy os a carmina- 
tive, as an anti-spasmodic, and as an mteatmal 
antiseptic. It is also used externally in rheu* 
matie affections. C. T. B 

CA J U PUTO L, CioHjjO, eucalyptol (B P.C. 

CAL. Cornish name of wolfram (ferrous 
manganese tungstate) FeMnWOj. 

CALABAR BEAN(Ff.FtwdeCaIaJor,OeT. 
GolUegerichUbohne) is the seed of Phytottigina 
ttnenoeum Balfour, a woody climber related to 
the scarlet runner (Fam. Legummosse). The 
bean was first made known in Britain hy 
Daniell (Edinburgh New Philos. J. 1846, 40, 
319) who descnl^ how among certain West 
Afncau tribes pnsonen convicted of a capital 
offence were made to ewallow a potion prepared 
from the bean, which is hence also called 
Ordeal Bean ; it is further known by its native 
name of Betti or chopping nut. The plant 
grows neir the mouths of the Niger and Old 
Calabar rivers ; the beans measure 25x18x12 
mm , are oblong reniform and of a dark 
chocolate-brown ; their physiological properties 
were examined at Edinburgh by Chnstison and 
by Fraser, and the drug was introduced into 
medicine by Argyll Robertson, on account of 
its miotic properties. The last two investi- 
gators already observed that the action of the 
drug is antagonised by belladonna (1863). 
Jobst and Hesse (Annalen, 1864, 129, 115) 
traced the action to an amorphous^ alkaloid 
pkysoHigmine, whilst Vee and Leven, in a note 
oCa few sentences (Compt. rend. 1865, 60, 1194), 
mentioned that the alkaloid was “ nystal- 
Iisable ” ; they termed it eeenne (from the 
naUve name for the bean), but gave httle detail. 
The name physostigmine seems preferable on 
grounds of priority ; yet both synonyms are 
m use. Hesse established the formula 
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CjjHjiOjNj for the alkaloid, which is best 
prepared by shaking with ether, in presence of 
an excess of sodium carbonate, the water- 
soluble portion of an alcoholic extract of the 
beans. The ethereal extract is then shaken 
with very dilute sulphuric acid until the acid is 
neutralised by the alkaloid, and from this 
solution physostigmine is precipitated as the 
salicylate. Several-related alkaloids are present 
in small amount ; the total alkaloid in the 
bean is 0'05-0-3% ; it^ay be estimated accord- 
ing to Salway (Amer. J. Pharm. 1912, 84, 49), 
who employs ether, sodium carbonate, and 
titration with iodeosin as indicator. 

Physostigmine crystallises in two forms, m.p. 
86°-87° and m.p. 105°-106° ; the latter is the 
more stable and is formed on spontaneous 
evaporation of a solution in benzene. It is 
soluble in alcohol, ether and chloroform, 
somewhat so in water to an alkaline solution ; 
[ajp —75-8° (in chloroform). The salicylate 
(B.P., U.S.P.) is the principal salt ; 1 g. dis- 
solves at 25° in 75 c.c. of water, 16 c.c. of 
alcohol, 6 c.c. of chloroform, 250 c.c. of ether ; 
at 80° in 16 c.c. of water ; in 5 c.c of boiling 
alcohol. It forms colourless acicular crystals, 
B'CjHcOj, m.p. 186°-187°. The sulphate, 
m.p. 145°, is a microcrystaUine, 
deliquescent powder and is no longer in the 
British Pharmacopoeia. The hydrobromide, 
B-2HBr, m.p. 224°-226° (from alcohol) ; the 
aurichloride, B-2HAuCl4, m.p. 163°-165° ; 
the platinichloride, B-HjPtCl^, m.p. 180° ; the 
mercuri -iodide, B-HI-Hglj, m.p. 170°; the 
benzoate, B'C,Hj02, m.p. 115°-116° (from 
other) ; and tne picrate, m.p. 114°, can all be 
crystallised. The sulphate and the benzoate 
each dissolves'in about 4 parts of water at room 
temperature, and are therefore much more 
soluble than the salicylate. On exposure to 
air, solutions of physostigmine salts slowly 
acquire a pink colour ; on addition of sodium 
hydroxide a white precipitate is formed, which 
soon turns pink, and dissolves in excess of the 
alkali with a red colour. This is caused by 
hydrolysis to the very unstable phenol eseroline, 
which is oxidised by air to rvbrcserine {see 
below). Physostigmine dissolves in nitric acid 
with a yellow colour which becomes red on 
warming and leaves on evaporation a green 
residue. Qn evaporation with excess of am- 
monia, a red solution is formed and ultimately 
a blue residue is left. 

The constitution of physostigmine has been 
chiefly elucidated by Polonovski and his col- 
laborators (1893-1924), further by Salway (J.C.S. 
1912, 101, 978), Straus (Annalen, 1913, 401, 
350 ; 1914, 406,' 332), Barger and Stedraan 
(J.C.S. ^1923, 123, 758), Stedman {ibid. 1924, 
125, 1373). The subjoined constitution 


MeHNCO-O 



CH. 

X \ 

CMe CH, 

HC — NMe 

NMe 


■n-as_ suggested by Stedman and Barger (J.C.S. 
1925, 127, 247) and has been confirmed by 
sjTithesis (Julian and Pikl, J. Amer. Chem. Soc. 


1935, 57, 755 ; see also King, Liguori, and 
Robinson, J.C.S. 1934, 1416 ; King and 
Robinson, ibid. 1935, 755 ; Hoahino and 
Kobayashi, Annaleri, 1935, 520, 11). On 

hydrolysis with alkali methylamine, carbon 
dioxide and eseroline, CjsHjgONj, are formed 
(Petit and Polonovski, Bull. Soc. chim. 1893, [iii], 
9, 1008). Physostigmine is thus the methyl ure- 
thane of eseroline, and its partial synthesis from 
eseroline and methyl carbimide, CO NMe, 
was effected by Polonovski and Nitzherg {ibid. 
1916, [iv], 19, 27). Eseroline is readily oxidised 
on exposure to air, and ultimately forms rubre- 
serine (Ehrenberg, Verb. Ges. deut. Naturforsch. 
Aertze, 1893, II, 102), according to the equation : 

^ 13 ^ 18 ® 02 ~^ 13 ^ 16 ® 2 ^ 2 ’^ 2 ® 

Rubreserine crystallises from water in deep red 
needles, m.p. 152° (anhydrous). Under certain 
conditions the oxidation may proceed to eserine 
blue, Cj^H^gOgNj, which appears to be a 
combination of eseroline with an oxidation pro- 
duct (Salway, l.c.). The constitution of these 
colouring matters has not been elucidated. 
Eseroline contains two N-methyl groups and 
forms a monomethiodide ; on heating the latter 
in an atmosphere of carbon dioxide, a hydroxy- 
indole, physostigmol, CioHuON, is formed 
(Straus). 

By the synthesis of its ethyl ether, Stedman 
{l.c.) showed physostigmol to be 6-hydroxy- 
i:3-dim6thylindole. Straus, and also Polo- 
novski, considered that the pyrrole ring is 
fused to a piperidine nucleus, but Stedman 
and Barger {l.c.) showed by exhaustive methyla- 
tion of eseroline ethyl ether or eserethole that 
the remaining ring is a pyrrolidine nucleus and 
that there is a C-methyl group attached to a 
pyrroline ring. Reduction of eserethole by zinc 
and hydrochloric acid (Polonovski, Bull. Soc. 
chim. 1918, [iv], 23, 357) or catalytically (Sted- 
man and Barger) opens the pyrrolidine ring 
with formation of the secondary base dihydro- 
cserethole. 




-C^eCHa'CHg-NHMe 

CH2 

'NMe 


The pseudo base eserethole methine 




CMeCHjCHj-NMe 

CHOH 

/ 

NMe 


2 


is reconverted by hydriodic acid with ring closure 
into eserethole methiodide ; on oxidation with 
ferricyanide the secondary alcohol is converted 
into a ketone which by exhaustive naethylation 
loses trimethylamine and can then be reduced 
to 5'ethoxy-l:3*dimethyl-3-ethyl-2-indolinone, 


CM eEt 



Calabar beans contain a number of subsidiary 
alkaloids in small quantity. Genesctiiie (Polo- 



200 


CALABAR BEAN. 


novski and Nitzberg, Bull. Soe. chim. 1916, [it], 
17. 244, 290 ; 1916, [iv], 19, 27 j PolonoTski, 
tbid. 1917, [iv], 21) has the composition 
CisHtjOjN,. and was obtained by extracting 
the beans, previously Soaked in 2% sodiom 
hydroxide solution, with ether. It forms 
orthogonal crystals, m p. 128'’-129®, [ft]^ —175® 
(in alcohol). It is a weak base, does not form 
crystalline salts with mineral acids, but yields , 
a salicylate, m p. 89®-90®, a picrate, m.p. 175®, j 
and a methiodide, m p 215®. It \a ledwted by ' 
zinc dust and acetic acid to phyeostigmine, and 
can be formed from this alkaloid by hydrogen 
peroxide. Geneserine is thus the amine oxide 
of physostigmine, with the additional oxygen 
atom probably attached to the basic mtn^^en 
of the pyrrolidine ring In accordance with this 
it yields degradation products such as gene- 
serohne, analogous to the corresponding pro- 
ducts obtained from physostigmine. Steramtne, 
isolated hy Ehrenberg (1 c ), is stated to have 
the formula CifH2sOjN4 (which cannot be 
quite correct as to hydrogen). It remains m the 
ethereal solution after ^yaostigmine has been 
extracted by dilute sulphuric acid (ace abott). 
It 18 sparingly soluble in ether, chloroform, or 
benzene, hut readily so in hot alcohol, from 
which it crystallises in needles, m.p. 245®. The 
same alkaloid was isolated by Salway ({«.), 
who also obtained from the ethereal mother 
Lquors left alter the separation of eseramine, 
another alkaloid, phyaounint, Ci^HuOjN., 
which crystallised from light petroleum m email 
prisms, m.p, 123®. It is a weak base, very 
soluble m alcohol, benzene, or chloroform, 
moderately so in ether. It is evidently the acid 
carbonate of eserolinc, HOOC OC,sH„N,. 
Whether it is formed from physosligniino by 
partial hydrolysis during the extraction, or 
whether it occurs as such m the beans, is un- 
certain. Escndint was obtained by Bohnnger 
und Sohne (Fharm. Post, 1888, 21, 663), and 
subsequently by Eber (Pharm. Ztg 1802, 37, 
483) who assigned to it the fornnilaC^jHjjOjNj 
Its m p 132°, the fact that it la much less 
poisonous than physostigmine, and its con- 
V ersion into the latter alkaloid by heating with 
dilute mineral acids suggest that esciidmc is 
perhaps identical with genesenne. 

ISO Phyaoshgmmt, Ci,H2i02N,, obtained by 
Ogui (Apoth.-Ztg. 1904, 19, 891), is stated to be 
insoluble in ether and to form a crystalline sul 
phate, m p. 200°-202®. Calabarine of Harnack 
and Witkowski (Arch. exp. Path. Pharm. 1876, 
5, 401) has not been characterised chemically 
and was apparently a decomposition product 
of physostigmine, or derived from a mixed drug ; 
It produced tetanic convulsions, like stiychmne. 

The fihysiological action of physostigmine 
depends on its inhibition of the hydrolysis of 
acetyl choLne by cliolinC-esterasc (Loewi and 
Navratil, PflUger’s Archiv. 1926, 214, 689 ; 
$et also Chouve). Since acetyl choline is 
hberated in the nerve endings when para- 
sympathetic nen es such as the vagus are 
stimulated, physostigmme brings about its 
stimulant effect on smooth muscle by pre- 
venting the hydrolysis of acetyl choUne. 
Atropine paralyses the vagus and thus an- 
tagonises physostigmine. On the other hand. 


physostigmine resembles pilocarpine and mus- 
carine in its physiological action, and produces, 
for example, powerful contractions of the 
intestine, on which its use as a veterinary 
purgative depends ; it also stimulates salivary 
secretion. In human medicine it is principally 
used as a miotic, causing constriction of the 
pupil ; atropine has the opposite effect 
(mydriasis), Genesenne has a weaker action 
than physostigmine on salivary secretion and 
no mvotvc action (Polonovski and Combemale, 
Compt. rend. Soc. Biol. 1923, 88, 881). 
Rubresenne is inactive (Heubner, Arch. exp. 
Path. Pharm. 190S, 53, 313) ; eserohne is like 
wise inactive ; hence the physiological activity 
depends on esterification with carbamie acid, 
or with carbonic acid, for physovenine is also 
a very powerful miotic (Salway, I e.). 

Synlhelte Analogues of Physostigmine — Tlie 
above facta led Stedman (Biochem. J. 1926, 20, 
719 ; 1929, 23, 17) to prepare a number of 
simpler urethanes by the action of various 
catbimides on dimethylamino phenols (Primary 
and secondary bases would react with the car- 
bimides to form substituted ureas.) In this 
way a large number of bases have been pre- 
pared which, even at high, dilutions, inhibit the 
action of liver esterase (Stedman and Stedman, 
Biochem J. 1931, 25, 1147 . 1032, 26. 1214). 
For instance, the rate of hydrolysis of tnhutynn 
was halved by a concentration of 1 500,000,000 
of the hydrochloride of the m dimethylamino- 
phenyl ester of methyl carbamic acid. Choline 
esterase is similarly inhibited and thus these 
urethanes act on tJio intestine and the pupil 
like physostigmine. One of them, miotim, 

O CONHMe 


ICHMe NMe. 


approaches closely to physostigmine in mioiw 
activity (Stedman and Stedman, J C.S 1929, 
609 ; White and Stedman, J. Pharm. exp. Ther. 
1931, 41, 259). A further senes was examined 
by Aeschlimann and Reinert (itid. 1931, 43, 259) 
and the substance proatigmine, 

O CONMeg 


'NMCj so, M e 


was introduced as a substitute for physostigmine 
in post-operative intestinal stasis. Its actions 
on the pupil and on the intestine, as well as its 
toxicity, are very similar to those of phjsostig 
mute, but tbe dimethyl urethane grouping makes 
prostigmme rather more stable. The substance 
seems also to have some advantages over the 
natural alkaloid in the treatment of myasthenia 
gravis. 

CALABARINE t. Ck'lk^kv. Beaji. 

CALAFATITEt-.ALC.viTE. 

CALAMENE. — The sesquiterpene hydro- 
carbon, calaniene, CjjHjj, bp 123°-126°/10 5 
inni., d” 0 9224, 4“ 1-50572, [aJo +5®, was 
I first Bokted by Kurbatov (Annalen, 1874, 173. 
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4) from the rhizomes of Acorus CMlamus L. and 
has been studied more recently by Semmler and 
Spomitz (Ber. .1913, 46, 3702) and by Ruzicka, 
Meyer, and Mingazzini (Helv. Chim. Acta, 1 922, 
5, 358). Calamene contains two ethylenic 
linkages yielding on catalytic hydrogenation 
tetrahydrocalamene, b.p. 123'’-125°/10 mm., 
djJ 0-8951, 1-4848; it is a derivative of 

cadalene since it gives this hydrocarbon on 
dehydrogenation with sulphur. Its constitb- 
tion is not known. J. L. S. 

CALAMENOL. The alcohol calamenol, 
CisHjiO, b.p. 150'’-160°/17 mm., 0-96115, 
iijy 1-5098, occurs in the oil from the rhizomes 
of Acorus calamus L. (Thoms and Beckstrom, 
Ber. 1901, 34, 1021 ; 1902, 35. 3187, 3196 ; 
Semmler and Spornitz, ibid. 1913, 46, 3704 ; 
Buzieka, Meyer, and hlingazzini, Hclv. Chim. 
Acta, 1922, 5, 358). It gives on dehydration a 
hydrocarbon, calamencne., CJ5H22, b.p. 136“- 
143“/15 mm., 0-9324, 1-5317 ; [o]u +6“, 

and cadalene is formed on dehydrogenation with 
sulphur. J. L. S. 

CALAMEON. The oxide calameon, 
m.p. 168“, [a]^ —8-94“, was isolated 
bj' Thoms and Beckstrom (Ber. 1901, 34, 1021 ; 
1902, 35, 387) from the oil from the rhizomes of 
Acorus calamus L. In its properties it resembles 
somewhat l:8-cineole and it yields on oxidation 
with potassium permanganate calamconie acid, 
CioH 2404,2H20, m.p. 153“. J. L. S. 

CALAMINE {Oalmei, Ger.). Under this 
name two common zinc minerals — the carbonate, 
smilhsonite, and the hydrous silicate, hemi- 
morphitc — are frequently much confused. The 
Latin form lapis calaminaris is supposed to 
be a corruption of the old name cadmia 
(KaSfila) used for zinc ores in general.' The 
minerals in question often so closely resemble 
one another in external appearance that it is 
only possible to distinguish them by chemical 
tests ; and it was not until 1803 that James 
Smithson definitely established the existence 
of the two distinct species. The name calamine 
was then applied by some authors to the 
carbonate (sparry calamine), and by other 
authors to the hydrous silicate (electric cala- 
mine). In 1832 F. S. Beudant proposed the 
name smithsonite for the carbonate, restricting 
the name calamine to the hydrous silicate ; 
but most unfortunately Brooke gnd Miller, in 
1852, reversed these designations. Beudant 
has been follo«-cd by Dana and many other 
mineralogists, but in England the name cala- 
mine is unfortunately still much in use for the 
carbonate, and hemimorphite (G. A. Kenngott, 
1853) for the hydrous silicate. The use of the 
latter name partly clears up the confusion, since 
it is descriptive of the very characteristic hemi- 
morphic development of the crystals. The 
old name zinc-spar is also descriptive of the 
carbonate. L. J. S. 

CALAMINE. A term applied to the ba.sic 
zinc carbonate used in pharmacy. 

CALAMUS V . Aconrs Caiami's. 

CALAMUS, ESSENTIAL OIL OF r. 

Acorus Calamus. 


CALAVERITE. Atellurideofgold, AuT e^, 
containing 40-43% of.gold with 1-3% of silver. 
It was first found in Calaveras Co., California, 
and afterwards in considerable abundance in the 
Cripple Creek district in Colorado and at Kal- 
goorlie in Western Australia, where it is of im- 
portance as a telluride ore of gold. Sp.gr. 
9-155-9-39. The small complex (monoclinic or 
triclinic) crystals from Colorado are tin-white 
in colour, tarnishing to bronze-yellow on 
exposure. The massive material from Kalgoorlie 
is pale bropze-yellow with bright metallic lustre ; 
and with its sub-conchoidal fracture and absence 
of cleavage it much resembles iron-pyrites in 
appearance — in fact, before its value was recog- 
nised, the mineral had been thrown away on the 
waste heaps of the mines. L. J. S. 

CALCI BRONAT. A preparation contain- 
ing bromine and calcium gluconate (B.P.C. 
1934). 

C A LC I D I N E . Calcium iodide. 

CALCIFEROL, or “VITAMIN Dj,” is 
that form of the anti-rachitic vitamin which is 
produced by the irradiation of ergosterol. It 
was thought until lately that there was only one 
form of vitamin D, but recently it has been 
show-n that there are several, and that the one 
present in fish liver oils is different from 
calciferol. 

The identification of ergosterol as a pro- 
vitamin followed on a knowledge of the relation 
between ultra-violet rays and rickets. As long 
ago as 1890 Palm (Practitioner, 45, 270) pointed 
out that the incidence of rickets was geo- 
graphically associated with deficiency of sun- 
h'ght. In 1919 Huldschinsky in Berlin (Deut. 
med. Woch. 45, 712) treated rickets by means 
of actino-therapy. Animal experiments soon 
revealed the fact that rickets could be pre- 
vented either by irradiation of the animal 
(Hess, Unger, and Pappenheim, J. Biol. Chem. 
1922, 50, 77) or of the food it ate (Hess and 
Wcinstock, J. Biol. Chem., 1924, 62, 301 ; 
Steenbock, Science, 1924, 60, 224). Various 
food constituents were tested in turn by irradia- 
tion, and it then became apparent that the 
precursor of vitamin D was present in the 
cholesterol fraction. For a time cholesterol was 
itself regarded as the pro-vitamin, but it was 
later sho^vn that v-ith re-purification cholesterol 
lost its power to be activated, so that the pro- 
vitamin was to be regarded as an impurity in 
ordinary specimens of cholesterol. Various 
likely sterols were thereupon irradiated and 
tested for anti-rachitic activity, and in 1927 
ergosterol (C28H44O) was identified as the 
parent substance (Rosenheim and Webster, 
Biochem. J. 1927, 21, 127, 389 ; Lancet, 1927, 
1, 306 ; 2, 622 ; Nature, 1927, 120, 440 ; 
Windaus and Hess, Proc. Soc. exp. Biol. N.Y. 
1926-1927, 24, 171, 369, 461 ; Nach. Ges Wiss. 
Gottingen, JIath.-Physik, 1927, 2, 175), or, as 
we should now say, one of the several pro- 
vitamins. Ergosterol is a principal representa- 
tive of the sterol group of compounds found in 
numerous fungi, moulds, yeasts, etc., and 
was first separated from ergot by Tanret in 
1890. The transformation which takes place 
during the ultra-violet irradiation of ergo- 
sterol is a photochemical reaction, during which 



202 CALCIFEROL. 

a mixture of various isomers are formed, oolyl Gottingen, Math.-Phj-sik. 1932, 5, 150) Bum- 
one of which is the actual vitamin. Windans, I mansed the chain of reactions as follows : 
Lfittringhaus, and Basse (Nach. Gee. Wiss. | 1. Effect of Irradiation . — 

^ suprasterol I 

< calciferol Suprasterol II 

'^substance absorbing at 248 
tachjaterol 


2. Effect of Heat.— 

calciferol -*■ pjrrocalciferol+»so pyrocalofcrol 

tachysterol -> pyrotachysterol 
A later view is that tachysterol is an inter- 
mediate product between lumisterol and ralci 
ferol, but there is no doubt that these various 
transformation products are formed concur- 
rently m somewhat varying amounts depending 
on the conditions of irradiation (tee &lz, Z 
physiol. Chem. 1933, 215, 183). The separation 
of the crystalline vitaciun from the mediation 
mixture was accomphshed in 1931-1932 at the 
two laboratories where ergoslerol had first been 
identified as a pro vitamin (Askew, BourdiUon, 
Bruce, Callow, Phdpot^ and Webster, ftoc.Roy. 
Soe. 1932, 109, B, 1488 j Windaus. linsert, 
Luttringhaus, and Weidlich, Annalen, 1932, 492, 
226). The London workers relied on the forma- 


tjon of the 3:5-dinJtrobenzoate ester for the 
purification, and those at Gottingen made use 
of fractional crystallisation after treatment with 
maleic and citraconic anhydride. BourdiUon 
and co-workers proposed the name “ calciferol ’* 
for the crystalline vitamin bo prepared, and 
Windaus and his collaborators “ vitamin Dj.” 
(The name “ vitamin Dj ” was apphed to a 
molecular compound of calciferol with lumi- 
sterol, which had been previously isolated, and 
a similar molecular compound of vitamin D 
and pyrocaleiferol was also at first called 
“ calciferol ” by BourdiUon et al, in the belief 
that it was the pure vitamm itself.) The 
conversion of crgosterol into calciferol involves 
scission of ring II and is represented in the scheme 
given below (tee Windaus and Thiele, Annalen, 
1935, 521, 160 ! Heilbron, Jones, Samant, and 
Spring. J.CS 1936,905). 



CHMe— CH=CH— CHMe— CHMe, 



This same transformation of e^oaterol into i 
calciferol takes place not only under the in- 
fluence of ultra-violet rays but with X-rsys, 
cathode rays, or a glow discharge. 

Calciferol has alwut 400,0<X) times the anti- 
rachitic potency of cod-liver oil and it has been 
calculated that 1 oz. of it would be enough to : 
protect 3,000 children for 1 year. The rat d<»e I 


ia 1/100,000 mg. per day. Calciferol is readily 
soluble in the usual fat solvents. It gives colour 
reactions with a number of reagents, and various 
ester like derivatives have been prepared from 
it. It shows selective absorption at 265 m/i. 

Other substances with vitamin D activity, aU 
of which are closely related to calciferol in 
chemical structure, are the following : (H 
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irradiated 7-dehydrocholesterol (or “ vitamin 
D3 ”), intensely active, with a potency (for rats) 
about one-half of that of calciferol itself 
(Windaus, Lettre, and Schenck, Annalen, 1935, ] 
520, 98 ; Windaus, Schenck, and von Werder, 
Z. physiol. Chem. 1936, 241, 100) ; (2) irra- 
diated 22:23-dihydroergosterol (Windaus and 
Langer, Annalen, 1933, 508, 105 ; McDonald, 
J. Biol. Chem. 1936, 114, proc. Ixv) ; (3) 
irradiated 7-dehydrositosterol (Wunderlich, Z. 
physiol. Chem. 1936, 241, 116), whilst (4) ir- 
radiated 7-dehydrostigmasterol (Linsert, Z. 
physiol. Chem. 1936, 241, 125) is practicaDy 
inactive. Less well defined are (5) irradiated 
heated-cholesterol, moderately active (Koch, 
Koch, and Ragins, ,J. Biol. Chem. 1929- 
1930, 84, 141) ; (6) cholesterol activated without 
light by means of fullers’ earth =cholesterilene 
Bulphonic acid, or its Ca or Ba dalt (BHIs, J. 
Biol. Chem. 1926, 67, 763). “Natural” 

vitamin D from tunny liver oil is different from 
calciferol (Ender, Z. Vitaminforsch. 1933, 2, 
241 ; 1934, 3, 161) and is identical with 7- 
dehydrocholesterol (“ vitamin Dg ”) (Brock- 
mann, Z. physiol. Chem. 1936, 241, 104 ; 1937, 
245, 96 ; Haslcwood and Drummond, Chem. 
Ind. 1936, 55, 698). 

Evidence is increasing that the natural vitamin 
D and pro-vitamin D present in vegetable 
sources (including flowering plants and crypto- 
gams) is not identical with that found normaUy 
in animal sources. Probably the natural vitamin 
found in plant tissues which have been exposed 
to sunlight is identical with calciferol, or at any 
rate has calciferol as a main component (see 
Bethke, Record, and Wilder, J. Biol. Chem. 
1935, 112, 231). Bills (Physiol. Reviews, 1935, 
15, 1 ; Cold Spring Habor Symposium on 
Quantitative Biology, 1936, 3, 328) believes that 
there may also be several natural forms of the 
vitamin present in different fish-liver oils. 

Vitamin D activity seems to depend, in all 
the substances mentioned above, on the presence 
of the three ring structure with the three con- 
jugated double bonds of calciferol, the structure 
of the side chain being apparently relatively 
unimportant. 

The differentiation of calciferol from these 
other forms of vitamin D had its origin in the 
observation that calciferol was less effective as 
an antirachitic for chickens than was the same 
number of “ rat units of vitamin D ” given as 
cod-liver oil (Carrick, quoted by Bills, Physiol. 
Reviews, 1935, 15, I ; Massengale and Nuss- 
meier, J. Biol. Chem. 1930, 87, 423). L. J. H, 

CALCINOL, Calcium iodate. 

CALCIOCORAMINE. Double salt of 
pyridine-^-carboxyldiethylamide and calcium 
thiocyanate. Prescribed for bronchitis (Ciba, 
London), B-P.C. 1934. 

CALCITE or CALC.-SPAR. One of the 
dimorphous ciystallised forms of calcium car- 
bonate (CaCOg). This rhombohedral form is 
less dense (sp.gr. 2-72) and less hard (H. 3) than 
the orthorhombic form aragonite (g.v.). It is 
also the more stable form : when aragonite is 
heated to low redness it passes into calcite, and 
paramorphs of calcite after aragonite are of 
frequent occurrence in nature. Prom an 
aqueous solution containing carbon dioxide. 


calcium carbonate crystallises as calcite at 
temperatures of 0°— 18°, and as a mixture of 
calcite and aragonite at higher temperatures : 
the presence of various salts in the solution also 
favours the formation of aragonite. (For a 
summary of the literature on the crystallisation 
of calcium carbonate, see F. Vetter, Z. Kryst. 
Min. 1910, 48, 45.) Calcite may be reac^y 
distingmshed from aragonite by the possession 
of three perfect cleavages parallel to the faces of 
the primary rhombohedron, the angles between 
which are 74° 55' and 105° 5' (the plane angles 
on the rhomb-shaped faces are 78° and 102°). 
The mineral is readily scratched with a knife, 
and it effervesces briskly in contact with cold 
dilute acids. 

With the exception of quartz, calcite is the 
commonest of minerals. It frequently occurs 
well crystallised and in a great variety of forms, 
the various forms of its crystals suggesting the 
trivial names “ dog-tooth-spar,” “ nail-head- 
spar,” “ paper-spar,” “ cannon-spar,” etc. As 
the essential constituent of the rocks liipestone,- 
marble and chalk, it is of abundant occurrence. 
In these forms it finds extensive applications as 
building and ornamental stones, and in the 
manufacture of h'me, mortar and cement. 

The clear, transparent variety, known as 
Iceland-spar or doubly-refracting spar, is used 
in the construction of Nicol prisms for optical 
polarising apparatus. Material suitable for this 
purpose is obtained almost exclusively from a 
quarry in basalt on the Reydar-fjordhr on the 
east coast of Iceland, but the supply is limited 
and variable. Clear material suitable for optical 
work has also been found between Greycliff 
and Bigtimber in Montana, where it occurs in 
vertical veins in gneiss ; and in the Kenhardt 
district. Cape Province, South Africa. L. J. S. 

CALCIUM. Symbol, Ca ; at. no. 20; 
isotopes 40, 42, 43, 44 ; at. wt. 40-085. 

Calcium is an original constituent of the 
“ sial,” the outer crust of the earth, in which 
it occurs mainly as oxide in combination with 
silica. The amount in the igneous rocks 
varies from slightly over in the extreme 
acid granites to 12% in the ultra-basic rocks. 
The amount of solids in the original ocean 
must have been extremely small at the time 
they were deposited from the vapour and gases 
forming the atmosphere ; consequently, the 
calcareous sedimentary rocks produced either 
by chemical precipitation or by marine organisms 
must have come largely from the weathering of 
the original solidified crystalline crust. The 
second source of calcium as well as of many other 
elements is from hot springs, but the composition 
of these varies considerably ; in some the 
amount of calcium is insignificant, whereas in 
the hot springs of Palestine calcium chloride is 
one of the principal constituents (see Bkomike, 

p. 108). 

The main mass of calcium now exists as 
carbonate deposited from the ocean largely by 
marine organisms. In the long history of the 
earth’s crust the more calcareous marine sedi- 
ments have been consolidated to soft and hard 
limestones or altered by metamorphism to 
marble. Replacement of the calcium by mag- 
1 nesium produces magnesium limestone or 
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dolomite. CaCOj.MgCOa. C&Icnim also 
occurs abundantly as tbe sulphate or gypsum, 
CaS04,2H20, deposits of uhich have mainly 
resulted from desiccation of detached bodies of 
sea water. Calcium phosphate (apatite) is a 
common constituent of the pnmaiy rodcs and 
18 the principal mineral ingredient of the 
vertebrate skeletons which, with coprolites, 
form the main part of bedded phosphate 
deposits (t> Ash) 

Preparahon of iht Mtlal — Calcium was 
obtained as an impure metallic powder by Davy 
in 1808, by the electrolysis of the chlonde, 
using mercury as negative electrode, and after- 
wards heating the amalgam thus formed until 
the mercury volatilised 

Jloissan obtamed calcium by heating an- 
hydrous calcium iodide (600 g ) with metaUic 
sodium (240 g ) at a dull red heat. After allow- 
mg the melt to cool the metallic portion was cut 
up and digested with alcohol which dissolved 
the excess of sodium leaving the calcium m 
bnlLanfc white crystals 98 9 to 992% pore. 

Ruff and Plato succeeded m obtaining tbe 
metal in relatively large quantities by tbe 
electrolysis of fused calcium chloride by keeping 
the temperature of the cathode above tbe 
melting point of calcium (U.S.P. 806006). 
Borchers and Stockhem, by electrolysing fused 
anhydrous calcium salts, keeping the tempera- 
ture of the cathode below the meking-pomt of 
calcium, obtained the metal in a spongy state 
(U.8 P. 808066) By using a vertical cathode, 
which only just touches the surface of the fused 
calcium salt, tbe metal u deposited on this 
surface and by mechanically raising tbe cathode 
an inegularly shaped rod of calcium, resemblinga , 
cabbage stak, is formed, which itself forrns the 
cathode (B.F. 20655 , cf Johnson, Ind Eng 
Chem. 1910, 2, 466). The electrolyte, consisting 
of a fused mixture of 10 parts of CaCI} with 
17 parts of CaFj, is contained m a cylindrical 
vessel of Acheson graphite The containing 
vessel forms the anode, whilst the cathode is an 
iron ribbon which can be run up from below. 
The best deposits were obtained with a current 
density of 10 amperes per sq cm. If tbe 
cathode current density is too high themetal does 
not adhere, whilst if the anode density is too low 
the electrolyte is not all melted, and for proper 
control the anode and cathode surfaces sho^d 
he defined for the conditions m use Molden- 
hauer and Andersen (Z. Elektrochem 1913, 19, 
444) used a mixture of 85% CaCI^ with 15% 
KCI and a current density of 60-110 amperes 
per sq cm. Rods 9-18 inm diameter were 
obtamed, contaming Ca 96 09-98 18, K 0 0- 
0 14, Fe 0-3-0 4. Si 0 40-0 70%. The current 
yield varied from 56 to over 90%. 

Commercial calcium is usually coated with 
CaClg, which can be partly removed by absolute 
alcohol, and the remamder by re melting m an 
iron bomb. In this way a metal containing 
99 44% Ca and 0 25 Al^Oj-l-SiOg is obtained 

Metallic calcium is gradually acquirmg new 
commercial application. Among the more 
important are the dehismuthismg of lead (the 
Betterton process); the hardening of lead for 
various purposes, particularly bearing metal 
and cable coverings ; as a deoxidant for copper 


and its alloys and for cast iron and steel; 
as A constituent of aluminium alloys; as a 
reducing agent for oxides of berylhum, 
chromium, thorium and uranium; as a desul 
phurismg agent in petroleum refining ; and as 
an adsorbent of residual gases in vacuum tubes 
(Mantell and Hardy, Trans. Electrochem. Soc. 
1934, 68,187), 

The metal has mp. SSPil® (von Antropoff 
and Falk, Z. anorg. Chem. 1930, 187, 405; 
Hoffman and Schuhe, Physikal. Z. 1935, 36, 
453), bp. 1712*±6® (Hartmann and Schneider, 
Z. anorg. Chem. 1929, 180, 275). Its electric 
conductivity is 16, that of silver bemg 100. 
It may be turned mto cybnders having a 
bniliant lustre tarnishing in air, or drawn mto 
wire of 0 5 mm. diameter. 

Calcium is a silver-white metal, less malleable 
than sodium or potassium ; it scratches lead 
but not calcite. It can be cut with a knife or 
broken with a blow, and the fracture is crystal- 
line; the crystals are of tabular habit and 
belong to tbe rhombobedral system. 

P. Bastien (Compt. rend. 1934, 199, 577) 
gives the coefficient of cubic expansion of 
Ca (99 3%), prepared by sublimation and 
subsequent fusion in argon, as 25 2 >; 10~‘ over 
the range 20®-100“, and l-543±0 0005. 

Zsl^inski and Znlinski (Bull. Acad. Folanaise, 
1928, (A), 479) obtamed the foUowmg figures 
for the sp ht. of calcium between 20°-^04®, 
01610; 20*-5O4*, 0 1764; 22'-520®, 0 1768, 
20*-697*, 0 1887; 2r-755% 0 1927 , 22M85*, 
01901; 22*-785*, 0 1724; 22‘‘-802*, 0 1724; 
810*-930® (Lquid), 0 2670 The lower values 
were obtamed by first heatmg to 800° and are 
due to the existence of an aUotropic modification 
formed at the higher temperatures. 

Calcium mfiames when heated in oxygen to 
300% and the beat is so great that the bme mrmed 
IS both fused and partly volatilised. Fluorine 
gas violently attacks calcium at the ordinary 
temperature. Chlorine, bromine and iodine 
have no action until heated to 400“ or above. 

Gently heated in air, it burns with mean 
descence, or heated in a current of air at a dull 
red heat it leaves a spongy mass which decom- 
poses water, producing ammonia and calcium 
hjdroiide. Calcium, therefore, fixes both 
nitrogen and oxygen. 

MetalLc calcium exists in an active and an 
inactive form (a- and fi-) as regards its power 
of adsorbing gases (Franck and Bodea, Z angew 
Chem. 1931, 44, 382) Active calcium com- 
mences to adsorb nitrogen at 300“, and has 
a maximum action at ^0“. As_ the tempera- 
ture mcreases the rate of combination slowly 
decreaaea, until at 800“ it has ceased. The 
velocity of adsorption is dependent on the 
presence of a layer of nitnde. The inactive 
form commences to combine with nitrogen at 
800°. The active variety is prepared by 
slowly coolmg molten calcium. This variety 
produces a black nitride (Sieverts, Z. Elektro- 
chem 1916, 22, 16). 

H. Hartmann and H. J. Frohlich (Z. anorg. 
Chem. 1934, 218, 190) find that the combmation 
of N, with pure Ca, free from alkali and N, 
ceases as soon as a thin lajer of CajN, has 
been formed on the surface. With Ca activated 
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by <;i% Na, the velocity of N adsorption 
depends on temperature. Two modifications 
of CaoNj have been obtained, a pseudo- 
hexagonal form (I) at 300°, a, 3-553, c 4-11 A., 
d calc. 2-72, and a cubic form (II) at 800°, a 1 1-38 A., 
d calc. 2-66. (II) is obtained when (I) is heated 
at 500° (c/. Franck el al., 1933, A. 666). 

Rinck (Compt. rend. 1931, 192, 421, 1378) 
states that using calcium distilled in vacuum 
(m.p. 848°) the data obtained in an atmosphere 
of argon afford no evidence of compound 
formation. a-Calcium is stable below and 
calcium stable above 450°. 

Calcium decomposes water at the ordinary 
temperature with the liberation of hydro- 
gen ; the action is slow, owing to the for- 
mation of a crust of calcium hydroxide ; 
the addition of sugar hastens the action. 
Fuming nitric acid attacks the metal if free 
from lime only slowly ; the action is hastened 
by dilution. Fuming sulphuric acid is imme- 
diately reduced in the cold to svdphur and sulphur 
dioxide. Hydrochloric and acetic acids attack 
calcium violently, with the liberation of hydro- 
gen. At a red heat, calcium reduces the 
fluorides and chlorides of potassium and sodium, 
setting free the alkali metals ; under the same 
conditions, the iodides are not attacked. 

Calcium Mercurides. — Eilert (Z. anorg. 
Chem. 1926, 151, 96) states that calcium has 
little action on mercury at the ordinary tempera- 
ture, but when heated at 340° brisk reaction 
occurs in which the mercury takes up 3% of 
calcium. The calcium used was 99-2% pure, 
practically all the residue being enclosed CaO. 
Thermal analyses with photo-micrographs show 
that crystals of CaHgs are precipitated from 
calcium amalgam containing more than 2-15% 
by weight of calcium. At 26-5° this compound 
reacts with a melt containing 2-15% calcium to 
form crystals of CaHg,. The reaction pro- 
ceeds to completion. The existence of the 
compound CaHgs has been confirmed by 
analysis of an individual crystal. Neuhausen 
(J. Amer. Chem. Soc. 1922, 44, 1445) employed 
a 25-cm. dish containing a thin layer of Hg 
filled with 1-75 i\7-solution of CaCl 2 . an anode 
of platinum foil, 2x4 cm., was placed parallel 
at 4 cm. distance from the mercury. A current 
3-5 amperes at 4-6 volts was passed for 30 
minutes, after which hydrogen was evolved. The 
amalgam was washed by pouring into distilled 
water and contained 0-069-0-075% calcium. 

Alloys. — Sodhim. — Calcium, although soluble 
in molten sodium, from which it separates in 
the crystalline state on solidification of the 
solvent, is not notably soluble in potassium. 

In the system CaClj-f 2Na^Ca-i-2NaCI 
at 000°-800° the metal phase has a constant 
composition, c.g: at 0-95 atom % Ca and 99-05 
atom % Na when the salt phase contains 
16-98-6 molecular percentage composition of 
calcium chloride. The total solubility of sodium 
and calcium at constant temperature in a fused 
mixture of sodium and calcium chlorides 
increases in an approximate manner -with the 
calcium chloride concentration, and rapidly 
with rise of temperature (Lorenz and Winzer, 
Z. anorg. Chem. 1929, 181, 193). 

The liquidus of the Ca-Na system is hori- 


zontal at 710° from 7 to 86% Ca, Ca being 
soluble in Na to the extent of 7% and Na in 
Ca to 15%. Complete miscibility occurs at 
1,185° (Rinck, l.c.). 

Aluminium . — ^^latsuyama (Sci. Rep. Tohoku, 
1928, 17, 783) finds that the liquidus of the 
Al-Ca system consists of four branches corre- 
sponding with separation of a solid solution, 
CaAlj, CaAlj, and Ca respectively. Alumin- 
ium dissolves 0-3% calcium at ordinary tempera- 
ture and 0-6% at 616°. Alloys containing 0-6- 
33-03% calcium are eutectiferous, the eutectic 
containing 7-55% calcium and melting at 616°. 
Alloys containing 13-9^2-5% calcium undergo 
a peritectic reaction on cooling below 700° 
forming CaAlj. The liquidus has a maximum 
of 1,079° at 42-5% calcium corresponding with 
CaAlj. Alloys containing more than 42-5% 
calcium are eutectiferous, the eutectic containing 
73% calcium and melting at 545°. Quantities 
of calcium up to 5% cause brittleness and a 
decrease in the tensile strength of aluminium. 

Magnesium . — Calcium furnishes an alloy 
with magnesium which decomposes cold water. 
The freezing-point curve has a simple form, 
the single compound CagMg^ being indicated 
by a maximum at 715°, whilst there are eutectic 
points at 514° and 446° and 18-7 and 78-7% 
of Ca respectively. The compound CaMgj 
is brittle, silvery in appearance, stable in air, 
and is only slowly acted upon by water. 

Lead . — Lead and calcium react together 
violently in the molten state ; the freezing-point 
curve has maxima at 649° and 1,105°, correspond- 
ing with the compounds CaPba and CajPb 
respectively. Another compound, CaPb, is 
formed at 950°. All these alloys fall to a black 
powder in air. 

Copper . — Copper and calcium form a single 
compound, CaCu^, melting at 933°, unstable in 
air. 

Silver . — ^Thermal measurements have suggested 
the existence of a number of silver-calcium 
compounds. C. Degard (Z. Krist. 1935, 90, 
399) has shown that when the alloys are 
melted in vacuum and examined by X-rays, 
the only compounds indicated are AgCa 
(face-centred cubic, a 9-07 A.) and AggCa 
(tetragonal, eja 0-88). There is no evidence 
for AgCaj, Ag^Ca, and AgjCa. 

Zinc, Nickel and Tin . — ^With zinc and 
nickel calcium forms brittle alloys. Tin, 
heated just above its point of fusion, combines 
with calcium with incandescence forming a 
white crystalline alloy containing 3-82% calcium. 

Calcium Hydride, CaHj.— Calcium does 
not unite with hydrogen at the ordinary tem- 
peratures. The hydride is obtained as a fused 
white solid, sp.gr. 1-7, when calcium cut into 
small pieces contained in several nickel boats 
is placed in a glass tube sealed at one end 
and hydrogen is fed in at a pressure of 4 to 5 cm. 
mercury, the tube being heated to redness, 
and the temperature kept sufficiently low to 
prevent union between the calcium and the 
nickel. 

The adsorption of hydrogen by calcium and 
its alloys has been determined by Kassner and 
Stempel (Z. anorg. Chem. 1929, 181, 83). At 
250 caleium fihngs quickly adsorb hydrogen in 
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amounts corresponding with the formula 
CaH{ At higher temperaturea adaorption is 
slower, probably owing to smtenng of the di- 
hydnde formed, and at 600° conversion into the 
hydride is complete in 2~3 hours. At 800° 
velocity of adsorption becomes large aj. 

The dusociatiOD pressures of calcium hydride 
as determined by Kraus and Hurd (J. Amer. 
Chem. Soe. 1923, 45, 2564) are at 985 6°, 4 82 , 
7C9 2°, 0 93 ; 734°, 0 42 cm. mercury. 

Calcium hydride may be heated to redneaa in 
air without change. Its characteristic reaction 
is the decomposition of water m the cold with 
the Iiberatioii of hydrogen It shows a marked 
dissociation from 600°, reaching 1 atmosphere 
pressure below 800°. TTiis cannot be a true 
dissociation pressure, as the hydride is readily 
formed by heating calcium in hydrogen at 830®. 
A second hydride may also exist . 


Ca+H-»- CaH+23,100 g.-tal. ; 
CaH+H^CaHj+22,000 g. cal. 


(Bronsted, (Z. Elektiochem, 1914, 20, 81) 
iloldenhauer and Roll-Hansen (Z, anorg.Chem. 
1913, 82, 130) calculate the heat of formation 
of calcium hydride from solution in hydrochloric 
acid : for CaH from liquid calcium and hydrogen 
about 21,000 g cal., and for CaH} irom CaH 
and hydrogen 21,000 g -cal. Guntz and Bassett 
(Compt. rend. 1905, 140, 863) found 46.200 
g 'Cal. from solid calcium. The vapour*curve 
between 765° and 920° can be represented by 
the equation : 


log p— 3 475+0 005322T 
The vapour pressure is considerably higher than 
that measured by previous investigators, 
corresponding with the equation : 

2CaH}?^2CaH + H,, 

and not with the equation 2CaH?^2Ca+H}. 
The heat of reaction calculated according to 
van ’t Hoff’s equation has the value 24-6 kg -caJ. 
nsmg to 31'6 kg. cal. at 755° and 920® respec- 
tively, whilst the Nemat formula gives the value 
22 6 kg -cal. Calcium hydride in the form of 
water clear, hexagonal pnams with super- 
imposed rhombohedra was prepared (Kassner 
and Stempel, Z. anorg. Chem. 1929, 181, 83). 

H. Flood (Kong. Norske Vid. Selsk. For. 1934, 
7, 66-69 ; 1935, A 1469) has shown that the 
primary reaction between CaH, and HjO is to 
give CaO, hut at low temp. <2 mols. of H* 
per mol. of CaHj are evolved, owing to the low 
v.p. of Ca(OH)2 Above 350° reaction pro- 
ceeds directly to CaO, and the drying effect of 
CaHj IS most intensive. 

A mixture of BaSO^ and CaHj ignited by a 
fuse similar to that used with thermito reacts 
vigorously according to the equation s 

BaSO«+4CaH2=BaS+4CaO+4H}. 
(Ebler and Herrdegen, Ber. 1913, 48, 2264). 

Calcium Oxide. Zime, CaO. — ^Anhydrous 
calcium oxide (quicklime) is obtained by | 
heating to redness any salt of calcium coDtumng 
a volatile acid, such as the carbonate and 
nitrate. Calcium carbonate may be fused 
without decomposition when heated in a closed 
vessel, but when raised to a red heat tinder | 


ordinary pressure it becomes converted into 
lime: 

CaCOg^CaO+CO:. 

To obtain pure lime, Iceland spar or other 
forms of calcite, or the finest marble, may be 
employed, the ignition being performed m a 
crucible with perforated base so as to permit of 
the entrance of furnace gases, which carry away 
the carbon dioxide as fast as it is formed; 
otherwise, the decomposition is incomplete, the 
carbonate undergoing no change in an 
atmoephere of carbon dioxide. The tension of 
dissociation of CaCOj is 27 mm. at 547° and 
753 mm. at 812°. 

lleasurements of the thermal dissociation of 
calcium carbonate by J. C. Southard and P. H. 
Roster (J, Physical Chem. 1936, 40, 435), made 
with the use of a furnace in which a temperature 
of 900° conld be maintained constant within 
0 04® for over 30 hours, lead to pressures given 
by logj.p cm.=— ei40/T+0 382 log,o T-0 668 
xl0“*T+9 3171. The temperature cone. 
eponding with 1 atmosphere is 894 4°. In prac- 
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lice, the temperature for burning Imie is about 
1,000°, The raw material may be nearly pure 
calcium carbonate, such as marble or chalk, or 
may contain so much clayey matter that the 
product is a cement of the Portland class rather 
than a lime. On this fact the choice of the mode 
of burning in part depends, because jf the lime 
IS needed to be pure it must be burnt out of 
contact with sobd fuel, whereas if it is a cement 
rather than a lime, the addition of siliceous 
matter Irom the ash of the fuel may he actually 
an advantage. The chief uses of lime are^for 
budding, in agncultare, and for chemical 
manufacture. For the first purpose an impure 
bmestone, burnt in contact with solid fuel, is to 
be preferred, whereas the purest obtainable 
bmestone, heated out of contact with fuel, 
yields the best material for chemical use. lu 
practice these principles are not always ob- 
served, partly from want of reahsation of their 
validity and partly because it is sometimes 
economical to sacrifice the purity of the product 
rather than incur the expense in capital and fuel 
of kilns deseed to burn limestone out of contact 
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with solid fuel. The knowledge of these prin- 
ciples, however, is of value in deciding on the 
type of kiln to be adopted in any given case. 

The simplest form of kiln is the flare kiln, 
shown in Tig. 1. The fuel (wood or peat) is 
burnt under an arch made of the material to be 
calcined, thus the lime produced is uncontamin- 
ated with ash. So crude a device is, of course, 
not economical of fuel, but its simplicity and 
cheapness, and the' fact that it can produce 
excellent lime, cause it to be still used to a 
considerable extent, particularly where brush- 
■wood and limestone occur together. The greater 
part of the lime used in the Near East is 
produced in this manner. 

Another simple form is the common running 
kiln shown in Pig. 2. The limestone or chalk 



is loaded into the kiln with alternate layers of 
small coal or coke, and the product is from 
time to time dra;vn from an eye at the bottom 
of the kiln, fresh layers of raw material and fuel 
being added through the charging hole at the 
top of the kiln. Lime made in kilns of this class, 
of course, contains the whole ash of the fuel, 

W. Woodhouse (J.S.C.I. 1932, 51, 115) states 
tliat the continuous vertical type of kiln pro- 
duces the greater part of the lime used in Eng- 
land. The charge consists of alternate layers of 
limestone and coal, the lime being drawn at 
the bottom as the burning proceeds. The 
lime, however, is mixed with fuel ash. This 
typo of fiunaco is most satisfactory when fired 
from exterior furnaces by coal or gas in which 
secondary air supplies assist in regulating the 
temperature. 

The shaft differs considerably in details of 
shape and size. Most of them, however, are of 


cylindrical shape bulging from the top towards 
the hot zone and narrowing at the base. 

In the Buxton area this type is still much in 
use. The height is generally about 60 ft., and 
where built into the side of the hill they are 
lined with one cover of fire brick. The lime- 
stone which has thin beds and pockets of 
clay is first disintegrated by a main blast tunnel 
and the blocks broken by small charges of 
black powder and then by hand, the small blocks 
being carefully sorted. 

In America as in England the common kiln is 
the vertical type, known there as the keystone 
kiln. Its construction is shown in Pig. 3. 



Pig. 3. 

(Reprinted by permission from “ Cements, Limes and 
Plasters," by Eckel, published by John Wiley and Sons, 
Inc.) 

It consists of a heavy steel shell lined with fire 
brick. Eckel gives the following dimensions : 
Outside diameter 

of shell . . 10 ft. lljft. 12 ft. 

Inside diameter ' 

of lining . . 5 ft. 6 ft. GJ ft. 

Total height. . 38 ft. 43 ft. 48 ft. 

Output per day . 7-8 tons 8-10 tons 10-12 tons 

Two furnaces are carried on steel platforms on 
opposite aides of the kiln in which coal is burnt. 
Below the level of the furnaces is a cooling cone 
made of steel plates from which the lime is 
withdrawn through draw gates. 

Most of the recent modifications are variations 
of this type ; patents and secret improvements in 
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England are all connected with this type of 
furnace to produce a pure lime. The main 
difficulty in working is to maintain uniform 
heating of the limestone. 

In Germany the tendency is towards the use 
of gas-fired shafts, particularly in areas where 
brown coal occurs, the gas being manufactured 
by means of a gas producer. These furnaces 
are usually about 14'5 m. high, width 1-6 m. 
at the top and 1-85 m. at the bottom of the 
inside of the shaft. Generally they are built in 
pairs, as is common in most of the shaft furnaces 
in England, but in some cases, as illustrated in 
“ Das Kalkbrennen ” by B. Block, 1924, six 
furnaces are built into an angular structure in 


which the interior of the shaft becomes six-sided, 
giving a distance from centre to centre shaft 
of the ring of 8-65 m. In England the steel shaft 
kiln fired by producer gas is gradually replacing 
the older mixed fuel type. 

The modern tj'pe of kiln made by Messrs. 
Ashmore, Benson, Pease & Co., Ltd., at their 
Parkfield Works, Stockton-on-Tees, and illus- 
trated in Fig. '4, is supplied complete with 
gas producer and hy4rating equipment. The 
kfin is approximately 70 ft. in height from the 
charging bell to the automatic mechanical 
discharge ; 9 ft. diameter at the top tapering 
to 9J ft. diameter at the level of the gas 
burners. 
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A kiln of the foregoing dimensions and type 
will produce 40 tons of burnt lime per day of 
24 hours 

The kiln consists of a steel cylindrical shell of 
riveted or welded construction with an Inner 
lining of fire brick and a layer of heat insulating 
material between the steel shell and the fire- 
brick lining. 

The firing arrangements for the kiln comprise 
two circular mams one above the other, each 
mam being fitted with eight separate burncra 
situated at a suitable height above the dis- 
charge A speciaUy constructed central burner 
injects a flame into the centre of the Iciln on a | 
level snth the lower set of burners, thos ensuring i 
a uniform temperature in the heat *one with I 
complete bummg of the lime 
The kiln 13 charged from ground level by means 
of an automatic skip hoist, or arrangements can ' 
be made for direct chargmg by means of bogies 
in places where the contour of the snrrounding ' 
Bite permits I 

The kilns are provided with automatic labour I 
saving devices for the production of hydrate of I 
lime. 1 

Lime can be burnt in a rotary kiln similar to 
those used for cement but worked at a lower 
temperature 

The Hofimann kiln is nsed in places where 
labour is sufficiently cheap to allow of loading 
and unloading by hand being performed at; 
a low cost, as m the Buxton area, and it j 
has (he advantage of being economical of fuel I 
It is largely us^ in America The limestone' 
must be crushed and graded to f-1} in size 
The burmne chamber consists of an endless 
tunnel, divided mto compartments of approxi- 
mately equal sue by means of combustible 
dampers. Each chamber is provided with an 
opening m the ontside wall for chargmg and 
discharging, and with an opening into the mam 
flue connecting with the chimney. The fuel of 


breere and coal is introduced through holes in 
the arched roof. The kiln is worked on a pro. 
gressiie scheme, fuel bemg charged into the 
hottest chamber, and air bemg allowed to enter 
here so as to complete the calcination, while the 
gases are allowed to escape through dampers m 
the last chamber. The daily production of these 

furnaces is very large. 

The divisions are made with brown paper which 
bums as the heat extends and allows the heat«l 
gases to attack the limestone in the next 
chamber. One of these furnaces has been in 
use at the Buxton Lime Co. Works for fifty 
years. 

A. B Scarle, “ Limestone and its Products," 
Benn, l&3o, states that the total length of the 
tunoelshouldnotbc less than 1&8 ft .and 240 ft 
13 preferable. The latter will allow of 20 
chambers (chargmg sections) each 12 ft. m length. 
In such a kiln running normally : 

1 chamber will be empty*. 

1 chamber will be filling. 

7 chambers will be preheating by hot ga^es 
from the fuel. 

4 chambers will be under fire. 

C chambers will be cooling and at the same 
tune heating the air required for combustion of 
fuel 

1 chamber will be empty. 

In the ordinary type the fuel is dropped 
through fluee in the roof. If oil is nsed there u 
DO ash In the Belgian type the fuel is fed by 
outside grates about 10 ft apart The efficiency 
of a HoSmann kiln u fairly high, using only 
3 cwt of real to 1 ton of lime produced The 
quahty of the lime is good but irregular where 
the asb is mixed with the lime 

Qualities and Uta ofLmt , — (Tommerctal lime 
ranges in composition from almost chemically 
pure calcium oxide to a material closely re 
sembliog Portland cement The following 
analyses illustrate this ■ 



VuxIoD lime 

CommoD build 
lug Lme 

Chaux de Tell 

Blue LUs 

Insoluble residue 

1 

113 20 

0 62 

2 39 

Combined silica (SiO,) 

Uo 34 

22 10 

14-17 

Alumina (Al|0,) . . , 

Feme oxide (Fe,0,) 

) oil 

1-M 

I 82 

1 6 79 1 

\ 234 

Lime (CaO) .... . . 

9S 72 

51 10 

C6 72 

63 43 

Slagnesia (MgO) 

0 46 

l-W 

1-17 

151 

Sulphuric anhydnde (SOj) 

Carwnic anhydride (CO,) . . 

— 

0 21 

0 49 

1 63 

— 

8-00 

064 

3 M 

Water (H,0) . 



[ 14 47 

/ 5 30 

2 69 1 

Alkalis and loss . .... 


\ 1-03 

1-3S 1 


100 00 

100 00 

100 00 

100 00 j 


As mentioned above, the purest kinds are 
needed for chemical manufacture, and the less 
pure varieties, which approach the nature of 
cement, are generally preferable for building 
In the case of limes containing so mneh silica 
as does Chaux de Teil and so much silica and 
alumina as does Blue Lias lime, they may be 
regarded as hydranhe cements rather than 
limes proper. A rough trade distinction exists 


between “ fat ” and “ poor ” hmc. The former 
13 fairly pure and slakes rapidly and with a 
high rise of temperature ; the latter, contaimng 
aoiue conibmed sihca and alumina, slake* 
slowly and relatively feebly. Both, when 
mixed with sand, form mortars, but fat lime 
seta only by drying and subsequent adsorption 
of carbonic acid from the air, whereas the 
siliceous constituents in poor lime will them 



CALCIUM. 


211 


selves set, to some small extent, in the manner 
of a cement. Ordinarily, however, no such 
chemical combination ■ takes place and the 
impurities serve only to depreciate the quality 
of the lime. Eckel gives analyse.^ of high 
calcium limes used in America which show 
92-99% CaO, while the lean limes contain 
81-85% CaO. He also states that limes con- 
taining more than 5% impurities will usually be 
dark in colour, comparatively slow slaking, and 
difficult to trowel in working. In rural districts 
of England lime is almost always slaked on the 
spot where and at the time when it is to be 
used. On the Continent the lime is usually 
slaked long before it is used, and is thus allowed 
to become completely hydrated. This method is 
now being adopted in England, as shown by the 
hydrating plant attached to modem kilns. The 
modem method of preparing hydrated lime is to 
emsh the burnt lime to a coarse powder, the 
necessary water being added to the whole or to a 
portion of the lime, the remainder being added 
later. A pan w'ith agitator or revolving cylinders 
is used for the hydration and the material is 
then sieved. 

In the 'Ashmore, Benson, Pease & Co., Ltd., 
hydrating plant shown in Eig. 4 the process is 
continuous. The lime passes from the kiln on a 
conveyor to a hammer crusher, whence it goes 
by means of a bucket elevator to a hydration 
plant consisting of five revolving cylinders 
in which it is thoroughly incorporated with 
the amount of water required to hydrate the 
lime. Erom here it passes through a ring roller 
and is then elevated to the top of the silos whence 
it is distributed by means of a belt conveyor to 
the storage silos. 

Lime made from dolomite needs much care in 
slaking as the hydration of the magnesia takes 
place slowly and may occur after the mortar 
is in place, and by expansion cause destruction of 
the work. 

Although lime will not act on sand at the 
ordinary temperature, it attacks it readily at a 
moderate temperature. The manufacture of 
sand lime bricks is dependent on this fact (see 
Building JIateeials, section VII, p. 48). 

Pure calcium oxide forms white porous amor- 
phous masses of sp.gr. 2-3 to 3-08 (3-09 to 3T5, 
Eckel), highly infusible, melting only in the 
highest temperature of the oxyhydrogen blow- 
pipe flame or in the electric arc. In the 
ordinary oxyhydrogen flame it emits an intense 
light, which is much used for lantern projection. 

Calcium oxide has been obtained by Briigel- 
mann in minute cubic crystals of sp.gr. 3-251 
by heating the nitrate in a porcelain flask (Ann. 
Phys. Chem. 1877, [ii], 2, 466 ; 1878, [ii], 4, 
277). 

A crystalline mass, found upon the lining of a 
continuous lime kiln at Champigny after 28 
months’ continuous work, was also shown to 
consist of small cubical ciystals of pure lime, 
of sp.gr. 3-32 (Levallois and Meunier, Compt. 
rend. 1880, 90, 1560). 

There is evidence of the e.xistence of two forms 
of calcium o.xidc. The oxide obtained by 
heating calcitc at a low red heat is fine grained 
and porous. When heated at higher tempera- 
tures the refraetive index increases and cubic 


ciyBtalliiie calcium oxide is formed for which 
71 j,= 1-83. The melting-point of CaO as deter- 
mined by the Holbom-Kurlbaum optical pyro- 
meter is 2,570° (Ruff and Schmidt, Z. anorg. 
Chem. 1921, 117, 172). 

• Amorphous lime takes up water with remark- 
able avidity, forming calcium hydroxide, 
Ca(OH) 2 , the combination being accompanied 
by a contraction in volume and evolution of 
heat [15-54 kg.-cal. per g.-mol. (Thomsen)], 
and light (Pelletier, Ann. Chim. 1823, [ii], 23, 
217). A rise in temperature of 468“ has been 
recorded by Herzfeld (Z. Ver. deut. Zucker- 
Ind. 1897, 820). It is used extensively in the 
laboratory and in works as a drying agent. On 
exposure to air the amorphous variety of lime 
rapidly adsorbs water and carbon dioxide ; 
anhydrous lime, however, only adsorbs the gas- 
when heated to near 415° ; comparative tests 
show that carbon dioxide penetrates to a depth 
of about 3 in. in 20 days. More water is taken 
up in summer than in -winter, hut the carbon 
dioxide adsorption is about the same (Whetzel, 
Ind. Eng. Chem. 1917, 9, 287). Lime is readily 
soluble in dilute mineral acids. It also reacts 
with ethyl alcohol when heated in a sealed tube 
to 115°-125°, giving a mixture of hydroxide and 
ethoxide of calcium. 

Calcium Hydroxide, or Hydrate of Lime, 
Ca(OH) 2 , is obtained by slaking fresh, well- 
burnt quicklime with about a third of its weight 
of water. It forms a white amorphous powder of 
sp.gr. 2-078, sparingly soluble in water, and less 
so in hot than in cold water, as seen from the 
following table (A. Guthrie, J.S.C.I. 1901, 20, 
223) : 

100 c.c. saturated limewater contains : 


Tempera- 

ture. 

°C. 

CaO in grams. 

Tempera- 

ture. 

'C. 

CaO in grams. 

5 

0-1350 

40 

0-1119 

10 

0-1342 

50. 

0-0981 

15 

0-1320 

60 

0-0879 

20 

0-1293 

70 

0-0781 

25 

0-1254 

80 

0-0740 

30 

0-1219 

90 

0-0696 

35 

0-1161 

100 

0-0597 


Sodium hydroxide decreases the solubility. 
d’Anselme (Bull. Soo. chim. 1903, [iii], 29, 936) 
gives the following data : 


Temp. 

°C 0-00 0-400 2-666 NaOH .g. per litre. 

20 1-17 0-94 0-39 CaO g. per litre. 

50 0-88 0-65 0-20 CaO g. per litre. 

70 0-75 0-53 0-11 CaO g. per litre. 

100 0-54 0-35 0-05 CaO g. per litre. 

The solution knoivn as limewater has an 
a^ahne reaction, and absorbs the carbon 
dioxide of the atmosphere, forming a pellicle 
of calcium carbonate. Limewater of definite 
strength for pharmaceutical purposes is best 
prepared by using freshly ignited lime. In 
preparing limewater from ordinary lime, the 
first solutions should invariably be rejected, t 
as they -n-ill contain nearly all the soluble salts 
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of the alkalis and the barjta and strontia 
present in the lirac as impurities. Milk of lime 
IS a suspension of calcium hjclroxido in less 
water than is required for its complete wlution. 
Calcium hydroxide is much more soluble in 
solution of sugar than m pure water due to the 
formation of soluble saccharntes (for solubilities 
v. tVeisberg, Bull. Soc. chim 1899, [in], 21, 
773, see also Bassett, J C.S. 1934, 1270) 

Calcium hjdroxide is precipitated by potas 
Slum or sodium hj tIro\ide from strong solutions 
of the chloride , using highly concentrated 
solutions a solid product may be obtained 

Ashton and Wilson (Amcr. J. Sci 1927, (v), 13. 
209) obtained crystals of calcium hjdioxulc by 
various methods showing always the same form 
and refractive indices The crystals belong to 
the hexagonal system and occur as short hexa- 
gonal prisms or plates with perfect eleax age 
parallel to the (0001) face. The refractixc 
indices arc 1 574i0 003, c=1 545±0 003 
for sodium light, bircfngencc is 0 029 , 

2 230i0 005 interference figure is uniaxnl 
negative The lattice constants are 0^=3 579, 
fa=5 0280 A , the unit cell contains 1 molecule. 

Selivanof!{J Iluss Phys Chem Soc 1912,44, 
1797; 1913, 45, 257) states that hydroxides 
obtained by slaking specimens of different 
origin all agree closely in composition with the' 
formula Ca(OHl 2 . The hydroxide adsorbs 
water which is lately lost m a desiccator over 
CaCt* or HgSO^ Supersaturated solutions 
were found to contain 0 200-0 2G4 g of CaO 
per 100 o.c, agreeing vith Guthrie The 
hydroMdo CalOH)] may bo obtained m 
hexagonal plates or prisms by heating super 
saturated solutions of lime or by evaporating an 
aqueous solution under dimimsbcd pressure at 
28®-30®. The cryohydrate of lime forms on 
solidification a transparent icc , when this melts 
it deposits elongated hexagonal plates or 
rhombic plates of the hydrate, 2Ca(OH)j,HjO, 
which IS xeiy unstable 

Calcium hydroxide is an eneigetic baso-com 
billing With acids to form salts and displacing 
ammonia from its compounds 

At a red heat, calcium hydroxide i:, derom- 
yyiftfi-i, vstfos 

icmaining. 

Slaked Lme is used extensively in the prejKira 
tion of mortars and cements (r BuiLoiac 
Materials, section III, p. 129), for softening 
hard waters, m the preparation of lyes for the 
defecation of sugar, and for agricidtural pur- 
poses. As regards the application of lime to 
the soil, only a small proportion reappears as 
carbonate, the remainder being adsorbed by 
the soil constituents. 

The slaking properties of lime depend to a 
great extent on its source, which determines the 
looseness of the powder. Samples made from 
oxalate and nitrate are exceptionally dense. 
Calcium chloride and sodium chloride in the 
slaking water accelerate the slaking, sodium 
hydroxide retards it (Kohlschutter and Teit- 
knecht, Helv. Chim. Acta, 1923, 6, 337) 

Calcium Dioxide, CaOj, was first prepared 
by Thenard by the action of excess of liydxtigen 
peroxide upon limewater, xvhen microscopic 
quadratic plates of the composition CaOj.SHjO, 


sparingly soluble in water and insoluble m 
alcohol, were precipitated. According to Con- 
roy (J.CS 1873, 26, 810); the peroxide is 
most comeniently prepared by adding lime- 
water in considerable excess to an aqueous 
solution of sodium peroxide acidified with 
mtisc acid. It is also obtained as a finely 
dividedwhite precipitate on adding a neutral or 
alkaline solution of sodium peroxide to a solution 
of a calcium silt CaOj in the anhydrous form 
(Riesenfcid and Xottebohm, Z .nnorg. Chem 
1914. 89, 4(X5) separates from xcry concentrated 
solutions near 0®, and above 40® even from very 
dilute solutions. The octahydrafe is obtained 
from very dilute solutions at the ordiniry 
temperature The crystals arc isomorphoiis 
Xfith those of hydrated barium peroxide. On 
exposure to air they effloresce, and when heated 
to 100® arc converted into the anhydrous per- 
oxide. On increasing the he.xt, half the oxygen 
IS driven off, leaving a residue of pure lime 
There is no appreciable decomposition below 
220®, Up to 27J° decoinpositinn is slow, but 
then becomes very rapid. J'jnely dividcrl CaO, 
decomposes explosively when heated rapidly to 
275®. The dissociation pressure at 237° is more 
than 190 ntmos (Reisenfeld and Nottebohm, 
Z. anorg Chem 1914, 90, 37) 

Calcium Tetroxide, Ca 04 By winning 
calcium peroxide octahydrate with &-fl times 
Its quantity of pure H,Oj (30%) until evolution 
of oxygen ceased, and then washing with water, 
alcohol and ether, Traubc and bchnlxe (Ber 
1921, 54, (B), 1626) obtained a compound 
possessing a bright yellow colour which ran be 
healed to 130® without change It shows the 
property of dissolv ing in acid with ei olution of 
oxygen and production of HjO, The quantity 
of tho oxygen from the best preparations was 
2 7% by weight of the substance. The evolved 
oxygen IS inactive, and as the compound is stallo 
towards heat it is assumed to bo the tctroxide 
CaOt which IS present to a maximum extent 
of 8 7%, the remainder being chiefly calcium 
peroxide with a little carbonate. 

Calcium Chloride, CaClj. is found in the 
w.xter of many springs and rivers, and is a 
xvifihxVwrfi xd ‘Act Tfu'iHrt: 'ncM.vt iidAxJcni 'R. 
sea water. Calcium chloride likewiso occurs, 
together witli magnesium chloride and alkaline 
chlorides in the tachydrite and camalhte o'f the 
Stassfurt deposits, tachydrite containing 21% 
CaCI} and 3C% MgClj, while camalhte eon 
tains 3% CaCi{ and 31% MgClj. It occurs as 
a major constituent of Dead Sea brine (i. 
Brohixe, p. 108). 

Calcium chloride may bo obtained by passing 
chlonneoxer tho red hot oxide, or by dissolving 
lime, chalk or marble in hydrochloric acid and 
evaporating. If it is necessary to obtain the 
salt pure, chlorine water may be added to the 
solution in hydrochloric acid in order to oxidise 
any iron present, which may then bepreopitated 
by tho addition of milk of lime, and filtered off 
The slightly alkaline filtrate is then acidified 
with hydrochloric acid and evaporated to the 
crystallising point. 

Calcium chloride is obtainerl in large quantities 
as a by-product in many manufacturing pro- 
cesses, notably in the preparation of potassium 
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chlorate and in the manufacture of sodium 
carbonate by the ammonin-sodn process; it 
may be obtained in the pure state from these 
erode products by the method just indicated. 
Many attempts were made to recover the 
chlorine of the waste product ; hydrochloric 
acid so produced, however, could not compete 
with that obtained by the direct process. 

Saturated solutions of calcium chloride deposit 
the hydrated salt, CaClj.BHjO, in large hexa- 
gonaf prisms terminated by pyramids. The 
crystals melt at 29° in their water of crystallisa- 
tion and deliquesce rapidly in the air, forming a 
viscous fluid, formerly termed oleum calcis. 
Heated below 200°, or in a vacuum over sul- 
phuric acid, the crystals lose 4 molecules of 
water. The remaining 2 molecules can only be 
expelled above 200°. According to Weber 
(Ber. 1882, 15, 2316), the salt dried at 180°-200" 
is practically anhydrous, containing only4)-2% of 
water. Besides the two hj’dratcs above 
described, Lesemur (Compt. rend. 1881, 92, 
ILIS), from determinations of vapour tensions 
of solutions, shows the probable existence 
of two others, CaCl2,4H20 and CaCl2,H20. 
The tetrahydrate, however, can only exist 
below 129". Milikan (Z. phy.sikal. Chem. 
1917, 92, 490) has examined the equilibrium 
conditions in the system CaCl2-HCI-H20. 
The solution containing 44-5% CaCIa and 
3-3% HCI is in equilibrium with the solid 
phases CaClj.BHjO and CaCl2,4H20, and 
the solution containing 28'48% CaCl2 and 
21'40% HCI with the solid idiases CaClj.dHjO 
and CaCl2'2H20. 

Anhydrous calcium chloride is a white porous 
mass, which fuses at a red heat or, according 
to Schaeffer (Jahrb. Jlin. Bcil.-Bd. 1919, 43, 
132) at 773°. On cooling the salt solidifies to a 
translucent mass of crystals of sp.gr. 2-205. 
The crystal structuro of calcium chloride has 
been investigated by A. K. van Bever and 
W. Nieuwenkamp (Z. Krist. 1 93.7, 90, 374). 
By cooling fused dehydrated CaCU slowly 
in vacuum single crystals were obtained 
having rhombic pseudotetragonal structure, 
Og 0-24, hg 6-43, r„ 4-20 A, space-group Pniim. 
A powder j)hotograi)h does not agree with this 
structiire but corresponds with a second 
modification, ari.sing from the first by mechanical 
disUirbancc. A slight decomposition into oxide 
and carbonate occui-s when the fusion is per- 
formed in air. On this account the porous 
chloride obtained by drying the crystals at 260° 
is better adapted for desiccating purposes, 
especially for the adsorption of water in organic 
analysis. McPhci-son (J. Amcr. Chem. Soc. 
1917, 39, 1317) has shown that granular calcium 
chloride uhich has been heated at 200°-275° 
in a current of air dried over phosphoric oxide 
will remove every tmee of moisture from a gas 
passed over a sufficiently long column of the 
salt. If the fused mass is exposed to the sun’s 
rays it becomes phosphorescent in the dark, 
and was formerly called Homberg’s pho.sphorus, 
after the discoverer of the fact in 1693. 

Anhydrous calcium chloride is highly deli- 
quescent: 100 parts of the powder exposed 
to an atmosphere saturated with aqueous vapour 
ab.sorbed 124 parts of water in 96 days. Accord- 
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ing to Kremers (Pogg. Ann. 1858, 103, 57 ; 
1858, 104, 133; J., 1858, 40), the following 
ejuantities of water are required to dissolve one 
part by weight of the anhydrous salt : 

At 10-3° 20° 40° 60° 

1-58 1-35 0-83 0-72 

The following table shows the densities at 
20°/4° of calcium chloride sohition (Internat. 
Critical Tables, 1928, iii, 72). 


Caa2°-i. 

Density. 

CaCl2% 

Density. 

2 

1-0148 

16 

1-1386 

4 

1-0316 

18 

1-1578 

6 

1-0486 

20 

1-1775 

8 

1-06.59 

25 

1-2284 

10 

1-0835 

30 

1-2816 

12 

1-1015 

35 

1-3373 

14 

1-1198 

40 

1-3957 


A solution of 50 ])arts anh\-drous CaCl2 in 
100 parts water boils at 112% one containing 
200 parts boils at 158°, and one containing 32.5 
parts boils at 1 80°. 

According to Lcfebvre (Compt. rend. 1870, 
70, 684) a supersaturated solution of calcium 
chloride is formed by dissolving 350-400 g. of 
the crystallised salt in 50 c.c. warm water or 
200 g. of the anhydrous salt in 250 c.c. water ; 
it may be shaken after cooling without crystal- 
lisation, but solidifies on contact with a crystal 
of the salt. If cooled to 5-8°, this solution 
begins to crystallise, the temperature rising to 
28°-29°. A solution containing 55% CaCl2 
deposits at about 15° largo plates of the tetra- 
hydrate, CaClj.AHjO, which do not induce 
the crystallisation of the supernatant liquor. 
This solution, in passing from liquid to solid 
state, undergoes at 70° a contraction 0-0832 of 
its volume. 

The crystallised chloride CaC^.BHjO also 
deliquesces rajndly, and dissolves in half its 
weight of u-atcr at 0°, in one-fourth its weight at 
16°, and in all proportions of hot water. In 
dissolving it absorbs heat, while the anhydrous 
chloride dissolves with evolution of heat. A 
mixture of 1-44 parts crystallised chloride with 
1 part of snow reduces the temperature to 
— .54-9°, more than sufficient to freeze mercury. 

Both the anhydrous and hydrated chloride 
dissolve readily in alcohol, 10 parts at 80° 
dissolving 6 parts anhydrous CaCl2; on evapora- 
tion in a vacuum at winter temperature, rect- 
angular plates of ZCaCla.TCjHgO are 
deposited. 

Potassium and calcium chloride mixtures 
have a maximum m.p. at 740° with erjual mole- 
cules of the two chlorides and two minima at 630° 
with 85% CaClj and 40% CaC^, the former 
being the eutectic point for CaClj.KCaClj and 
the latter for KCl.KCaClj (Moldenhauer and 
Andersen, Z. Elektroehem. 1913, 19, 344, 447). 

Calcium and barium chlorides form a double 
.salt CaCl2,BaCl2 (m.p. 631°), but no mixed 
crystals. There is a eutectic point at 602° 
with 38 mols. % BaCl2. Calcium and strontium 
chlorides form a continuous series of mixed 
crystols with a minimum at m.p. 658° with 66 
mols.^ % of CaClj. Barium and strontium 
chlorides are also completely miscible. The 
ternary diagram is divided into areas of com- 



214 


GAXX/lUM* 


plete and incomplete roiscibiLty by a limUin£ 
curve. The ternary mued crystals separating 
in the area of complete miscibility are dimor- 
phous. In the ternary area the esistence of the 
binary compound, CaCI^.BaCU, crystallising at 
631®, and of a ternary compound, CaCI^.BaCIt, 
SrCI«i crystalhsmg at 500°, was eatabliahea 
(Schaefer, Jahib. him. Bed -Bd. 1919, 43» 132) 
Calcium chloride forms a continuous senes of 
soil'd solutions with strontium, cadmium, and 
manganous chlondea, the mettmg-poiDt curve 
m each case havmg a mmimum which occurs 
at 640°, 545°, and 583° respectively. Misturea 
of CaCI} with BaClj and with PbClj form a 
simple eutectic senes, the eutectic points being at 
GOO® and 35 mols % BaCljand at 468® and 83 
mols % PbCljreapectiTely(Sandonninj, AttiR. 
Acca'd. Lmcei, 1911. (v), 20, u, 496-^46) 
Anhydrous calcium cUoride adsorbs ammonia 
gas, forming the compound CaClj.SNHj as a 
white powder, which, on exposure to air, solution 
in water, or on heating, is decomposed. Thrown 
into chlorine gas, the compound tnhea fire, 
rakmni OxycMonde, 

3Ca(0H),.CaClj,11H,0. 

{V I Nikolaev and S. A Glinskioh, Coropt. rend. 
Acad Sci. U.R.SS 1934,1,072] The erroneous 
formula attributed to this compound by Ditte 
(Z anorg Chem 1893,3.34),Schrememaket3and 
Figee (Chem. Weekblad 1911, 8, 683) and 
Milikan (Z. physikal Chem 1917, 92, 59) was 
due to the fact that the ciyetals contained up 
to 16% of mother liquor 
When calcium chloride is fused, at a bright 
red heat in a current of moist air, it is gradually 
converted to an oxychloride of the composition 
CaClj CaO, and eventually to the oxide 
(Gorgeu, Compt rend. 1834, 99, 256). 

B Neumann, C. I^oger, and H. Juttner (Z. 
Elektrochem 1935, 41, 725) record equilibrium 
data for the system CaCI{-CaO (600®-l.300®) 
The existence of dCaCI^.CaO has been 
established. Steam begins to decompose CaClj 
at 780®. The reactions bare been studied over a 
range of temperature and are discussed m 
relation to the equihbnum diagrams 
Calcium Hypochlorite v. Bleaciiiko 
Powder. 

Calcium Chlorate, Ca(CIOj)j, is produced 
nhen chlorine is passed into hot milk of lime, 
but IS difficult to separate from the cblonde 
simultaneously farmed ; the reaction is usually 
represented as follows : 

eCa(OH),-|-6Cl, 

= Ca(CI0,),4-5CaCI,+eH,0 
According to Lunge (JSC.I. 1885, 4, 722), 
the reaction really takes place in several stages, 
calcium hypochlorite and hypochlorous acid 
being first formed and mutually reacting with 
production of calcium chlorate : 

(1) Ca(0CI),-|-2CI,+2H,0=CaCI,-)-4HCl0 

(2) 2Ca{OCl),+4HCIO= 

CaCI,-)-Ca(CI0,),-|-2CI,-b2H,0 
The free chlorme serves only as carrier of the 
oxygen of two molecules calcium hypochlorite 
to a third molecule of the hypochlorite which is 
oxidised to chlorate. Lunge's experiments 


show that the beat mode of converting hypo, 
cblonte into chlorate is to raise the tempera, 
ture of the solution, while maintaining a slight 
excess chlorine The heat produced by the 
reaction on the large scale is sufficient. 

A yield of nearly 90% of calcium chlorate 
can be prepared by the electrolysis of a 10% 
solution of calcium chloride. The density of the 
current should be 10 amperes per square deci- 
metre at the anode and double at the cathode ; 
temperature 50® (Bischoff and Foerster, Z. 
Elektrochem 1898, 4, 464). 

It may also be prepared by precipitating 
potassium chlorate with calcium silico-fluoride 
It crystallises in deliquescent rhomboidal plates, 
very soluble m water and alcohol ; the crystals 
contain 16 5% water, melt when warmed, and 
decompose on further heating 

Calcium Perchlorate, Ca(CI 04 ) 2 , may be 
obtained by saturating perchloric acid with 
caustic bme It is extremely deliquescent and 
crystallises in prisms soluble in alcohol.^ 

Calcium Bromide, CaBr, (mp. 730®), is 
formed by heating calcium in bromine vapour, 
oi by dissolving lime or calcium carbonate in 
hydrobromic acid and evaporating. The silky 
needles thus obtained are hydrated, but may be 
converted to the anhydrous salt by beating 
Calcium bromide much resembles the chloride 
m properties, being dehquescent and veiy 
soluble in alcohol NaBr and CaBr| solidi^ 
to form two senes of solid solutions with a 
eutectic point at 613®, and on further cooling a 
reaction takes place at 469®, a compound 
NaBrj.2CaBr, being formed KBr Cormi a 
smgle compound KBr, CaBr,, represented by a 
maximum on the freezing-point curve at 637®. 
There ere eutectic points at 644® and 663® respec. 
lively (Kellner, Z. anorg. Chem. 1917, 99, 137) 

Calcium Iodide, Cal,, may be prepared 
by combustion of calcium in iodine vapour, 
or by solution of lime or the cartonate m 
hydriodic acid and evaporating and fusing the 
residue in a closed vessel ; or hydnodic acid 
prepared from red phosphorus and iodine may 
be made slightly alkaline with milk of Lme 
and yields a solution of calcium iodide (Liebig 
Annalcn, 1862, 121, 232). Heated in contact 
with air, it fuses below a red heat, and is 
decomposed with liberation of iodine vapours 
and formation of lime. 

The iodide of calcium and silver of the com- 
position Cal, 2Agl,6H,0 has been prepared 
by Simpson (Proc. Roy. Soc. 1878, 27, 120) 
by saturating a hot concentrated solution of 
Cal, with moist silver iodide. It crystalhses 
on coobng in long ivhite needles, decomposed by 
water. The basic salts formed by the alkaline 
earth metal haloids have been studied by the 
equiLbrium relations in the ternary system 
between the haloids, the corresponding 
hydroxides, and water. The basic salt 
Cal,-3CaO,16HgO is stable at 25® in contact 
with solutions containing 28 44% to 66 6% 
of Cal, (Mihkan, Z. physikal. Chem. 1917, 92, 
5 ®)- . I 

Calcium lodate, 03(10,), .eHjO.isobtamcd 

fy crystaliiaing mixed solutions of potaMiura 
lodate and calcium chloride. The hydrated salt 
forms four sided prisms which effloresce m tne 
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air, and become nnliydrous w hen heated to 200°. 
I'rom a solution acidified with nitric acid, it 
separates in trimctric crystals. The crystals are 
soluble in 454 parts water at 18°, and in 102 parts 
of boiling water, but are insoluble in alcohol. 
The anhydrous salt gently heated in a porcelain 
retort evolves 14-78% of oxygen apd 54-07% 
of iodine, leaving 31-14% of a residue rich in 
pentabasic periodate of calcium. Heated more 
strongly, it evolves more oxygen and iodine, 
and leaves 20-35% of a mixture of pentabasic 
periodate and free Mme. Calcium iodate deton- 
ates violently when heated on charcoal. 

Sonstadt proposed (B.P. 6304/84) to use 
calcium iodate as an antiseptic. 

Calcium Periodate, Ca( 104)2, obtained 
by dissolving calcium carbonate in -a strong 
solution of periodic acid and evaporating the 
acid solution over concentrated sulphuric acid. 
By treating feebly acid solutions with calcium 
carbonate, or by the action of an alkaline 
periodate on calcium nitrate a basic salt 
Ca( 104)2-030, 9H2O or SHjO, is formed 
(Ramraelsberg, Jahresber. 1868, 164; Langlois, 
Ann. Chim. Phys. 1852, [iii], 34, 257). 

Calcium Fluoride, CaFj, is found widely 
distributed in nature and is known as fluor- 
spar. It is the only common mineral in which 
fluorine forms one of the principal constituents. 
It occurs both massive and in beautiful crystals, 
generally cubes or forms in combination -with the 
cube. It is a common vein mineral, occurring 
usually in association with metallic ores, baiytes, 
calcito, etc. It presents a variety of colours, 
sometimes shading into one another as in the 
beautiful “ Blue John ” of Derbyshire. There 
is a considerable industry' carried on in fluor- 
spar districts in the carving of ornamental vases 
and other articles, the brilliantly coloured 
varieties being especially in demand. While 
being heated fluorspar phosphoresces in the 
dark. AU the ' coloured specimens lose their 
colour on heating, green specimens being .the 
most difficult to decolourise completely. Thermo- 
luminescence is very marked in all naturally 
coloured crystals, a violet light being emitted in 
most cases, with decrepitation. Pree fluorine 
has been shown to exist in a dark violet fluor- 
spar from Quincie, Dept, du Rh6ne. Crystal- 
lised colourless fluorspar can be coloured deep 
blue by the )3- and y-rays of radium, and then 
shows on gentle -n-arming a beautiful green 
thermo-luminescence which fades and changes 
into the pale violet light characteristic of all 
fluorspars. Debierno found that certain dark 
violet fluorspars smell of ozone. When heated 
they lose their colour and thermo-luminescence 
and also yield helium in variable but small 
quantity. On exposure to radium rays the 
violet colour is restored. Calcium fluoride is a 
constituent in small quantities of many' plant 
ashes, of bones, and of the enamel of -teeth. 
When the gelatinous calcium fluoride obtained 
by precipitating any soluble calcium salt with 
fluorides of sodium or potassium, is heated 
with water slightly acidified -with hydrochloric 
acid it is transformed into microscopic octahedral 
crystals. 

Calcium fluoride is soluble in about 2,000 
parts of water at 15°, and is slightly more 


soluble in w-ater containing carbon dioxide. It 
dissolves in hydrofluoric acid and in strong 
hydrochloric acid, and is precipitated in the 
gelatinous form by ammonia. It is fusible at 
1360°, and is used as a flux irnnany metallurgical 
operations, especially in the reduction of 
aluminium. 

Calcium fluoride is not insoluble in acetic acid 
as generally supposed. Acetic acid 0-5N 
dissolves at 40°, 0-153 g. ; at 60°, 0-178 g. ; 
at 80°, 0-206 g. ; at 100°, 0-229 g. per litre. 
The corresponding figures for A-acid are 
0-175, 0-203, 0-237, 0-264, and for 2A-acid 
0-192, 0-229, 0-267, and 0-300 {Duparc, Wenger, 
and Graz, Helv. Chim. Acta, 1925, 8, 280). 

S. Nagai and M. Miyasaka (J. Soc. Chem. Ind. 
Japan, 1934, 37, 303-306B) show that the 
addition of CaFj to mixtures of CaCOg or 
CaO w'ith SIOj lowers the temperature of 
combination by about 200° and diminishes the 
proportion of CaO in the silicate when heating is 
prolonged. The presence of increasing amounts 
of CaF2 increases the rate of the reaction 
2Ca0-t-Si02-^2Ca0,SI02 at 1,200°; at 
1,300° the conversion produces some 
3Ca0,Si02. Part of the CaFj is removed by 
volatilisation during the reaction {ibid. 419). 

Calcium fluoride is decomposed at a high 
temperature by water vapour into lime and 
hydrofluoric acid. Fusion with alkaline carbon- 
ates or hydroxides yields carbonate or oxide of 
calcium and alkaline fluorides. It is decomposed 
on gently warming with strong sulphuric acid 
into calcium sulphate and hydrogen fluoride. 
At a red heat it is also decomposed by chlorine. 

Calcium Carbide, CaCj. — Maquenne, in 
1892, prepared calcium carbide as an impure 
amorphous black powder, and Travers obtained 
it by heating together calcium chloride, sodium 
and carbon. It was not, however, until the 
advent of the electric furnace that it became 
possible to manufacture a pure carbide suitable 
for the preparation of acetylene. Moissan 
(Compt. rend. 1904, 138, 243) heated a mixture 
of lime 120 g., sugar carbon 70 g., in the crucible 
of an electric furnace for 20 minutes with a 
current of 350 amperes and 70 volts. At the 
temperature of liquefaction of the lime calcium 
carbide was formed according to the equation : 

030 - 1 - 30 = 0 302 -)- 00 

Botolfsen (Ann. Chim. 1922, 18, 5) shows that 
pure calcium carbide is not obtained by heating 
calcium acetylide-acetylene-ammonia, 
020a,02H2,4NH3, 

as stated by Moissan. The product treated 
with water gave a mixture of hydrogen, 
ammonia, and acetylene. The reaction between 
metallic calcium and free carbon is not appreci- 
able below the melting-point of the metal. 
Above 800° combination takes place more rapidly 
if the calcium is in the state of vapour. When 
the carbide is prepared in an iron tube the 
product, oven when practically pure, is black, 
the coloration being due not to free carbon 
but to iron. Calcium carbide dissociates on 
heating into its elements -without any inter- 
mediate formation of a sub-carbide ; dissocia- 
tion is influenced by the presence of iron, iron 
oxide, and other substances'. 
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RuS and Tocrster (Z. anorg. Chem. 1923, 131, 
321) attempted to make the pure carbide by 
softening the commercial carbide (74 9^^ 
CaCj) in hydrogen at 2,000’-2,100* and 
squeezing out the carbide with a carbon rod, 
the process bemg repeated on the expressed' 
material. Ruff and Josephy (Z. anorg Cbem 
192G, 153, 17) made a pure carbide from 
calcium prepared by distillation of commercial 
calcium tH raeuo at 1,500". The preparation 
of the carbide from the metal and a pure soot 
was done in an iron crucible in an argon atmo 
sphere at 1,250®, nitrogen being first remoced by 
heating the calcium in taeuo 

The product obtained in an open crucible »$ 
alwaj s of a loo-e nature and very sensitive to 
moisture, but by careful rcmelting in aigon at 
780 mm it is obtained as a greyish black 
crjstallme mass (Ruff and Foerster, l^). 

Sifs/em Calcium Carbi'le-Liine — Vaporisation 
of calcium carbide m nitrogen at 1,100® jields 
calcium cjanamide, which vaponses with 
partial decQmpo«ition at about 1,300®. When 
heated in hydrogen traces of acetylene are 
found above 2,200®, and in carbon monoxide 
calcium oxide and carbon at 1,700® From the 
curves representing thcae processes, the dissona* 
tion pressure of calcium carbide was fonod to be 

1 atm. at 2.500*=50®, t e. 1 rom. at l.825*=;30®. 
Pure calcium carbide melts at abont 2,300®. 
The equilibnum of the reaction 

CaO (liquid)+3CeCaC| (bqu:d)+CO 
depends on the partial pressure of carbon 
monoxide as well as on the ratio (CaCj) to 
(CaO). In an atmosphere of carbon mon> 
oxide when the eutectic sobdifies the reaction 
IS rapidly and completely reversed, but prepara 
tion of pure carbide was not realised expenment* 
ally on the<e Imes (RoE and Foerster, ( c.). 

R. Taussig states that commercial carbide 
always contains a certain amount of bme, 
the amount varying with the temperature 
er^loved. 

d. Flusin and C. Aall (Compt. rend. 1935, 
201, 451) have mrestigated the fusion pomt 
diagram of the sj-stem CaC.-CaO in presence of 
traces of SiO,, Fe,Oj, AtjOj, MgO. C, and 
SO,, and find entectics at 6S% of CaC, 
(1,750°) and at 35 6% of CaC, (I.SOO'), with a 
maximum at 52 5% of CaC, (I,9S0°) corre- 
sponding w» h the compound CaC, .CaO. 

Calcium carbide reveals cleavage surfaces 
nearly equal and parallel to three (Actions at 
right angles to one another. A cleavage plate 
shows that it contains thm lamella parallel or 
inclined at 45° to the cleavage plate. It is 
considered to be orthorhombic with polysyn 
thetic twinning (Warren, Amcr. J. Sci. 1921* 3, 
120 ). 

Accurate X-ray investigation by the Weissen- 
berg-Bohm method has shown that calcium 
carbide crystals are letragonaL The rect- 
angular pieces epLt from the carbide con<i«t of 
small crj-stals which give a wrong form of X ray 
diagram. There is a coalescence of three faces, 
the c axes of which lie at right angles to each 
other in three directional space. The amt cell 
contains 4 mols. and the calculated density la 

2 21, in good agreement with the experimental 


value of 2 1. The calcium atoms are disposed m» 
foce-ceotred lattice and the carbon atoms fona 
two faced centred lattices (von Stackelberc, 
Xatorwi«s. 1930, 18, 305-306). 

Pure calcium carbide is crystalline, colourless 
and transparent, but the commercial vanetv, 
dtscoloitred by iron, is usually brownish red. 
Its characteristic reaction is the decomposition 
of water in the cold, with the liberation of 
acetylene and the formationof calcium hydroxide 
(r Acetxlexx). 

Calcium Carbide, Jfanu/acture of . — The corn 
mercia! manufacture of calcium carbide u 
credited to Willson m America and Heroult m 
Europe It was started in tbe early eighties 
of last ccntuiy, and by progressive development 
acquired the distinction of being the largest 
consumer of energy in the electric furnace 
imlustry This continued extension rc'ulted 
in a better design and increased size of furnace, 
together with the necessary equipment for 
bandlmg large quantities of raw luatenals and 
for preparing the carbide for the market. 

The chief factors which have to be considered 
m tbe choice of a site for a carbide factory are 
supplies of raw material con«i8tmg of limestone, 
and coke or anthracite, and an abundant 
source of cheap electric power Large works 
haie consequently been established in plates 
where a practically unbmited supply of water 
power is aiailable Hence, mo«t progress la 
tbe industry has been witnessed m Norway and 
Sweden, where — excepting coal — other demands 
are amply satisfied. 

Tbe raw materials used in the manufacture of 
calcium carbide should be as pure as possible. 
Special attention should be paid to obtaining 
them free from phosphorus, sulphur or zDagne^u; 
sibca, iron or alumina should be present only 
m small quantities (i Witherspoon, J.S.C 1. 1913, 
32. 113) 

Phosphorus occurs in limestone as calemm 
phosphate, and is reduced at the temperature of 
tbe furnace and m tbe presemce of carbon, to 
calcium phosphide, which, when brought into 
contact with water, evolves pho«phorelted 
hydrogen; this impurity in acetylene used for 
iliummating purposes causes a haze of phos- 
phorus pentoiide, which is very objection- 
able. So carefully, however, are tbe raw 
materials selected that all commercial carbides 
are practically free from phosphorus, the 
average PH, content in acetclene being lea 
than 0 002%. (For a method of exa mining 
commercial carbide for calcium phosphide 
based on that of Lunge and Odercrenfz, tee 
Dennis and O’Brien, Ind. Eng. Chem. 1912, 4, 

Sulphur, unless present with consiaerabie 
amounts of alu min a, has little influence on 
resulting carbide. Calcium sulphide, formed 
in the furnace by the reduction of calcium 
sulphate, does not decompose in the production 
of acctvlene, but in the presence of alnmms, 
aluminium sulphide may be formed, wbico 
yields hydrogen sulphide when brought in con- 
tact with water. Very httle trouble, however, is 
experienced with sulphur, as the hme and coal 
used in the manufacture rarely cohtain a pro- 
hibitive quantity. 
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Magnesia has the peculiar property of inter- 
fering with the formation of calcium carbide in 
the furnace. If more than 1% of magnesia be 
present in the lime and coal, the electrical energy 
required becomes noticeably so much greater 
that raw materials containing such impurity 
are considered unfit for use. A flux of fluorspar 
has been used to counteract this effect, but with 
little success. Magnesia mixed with carbon and 
heated in the electric furnace is highly infusible 
and does not form a carbide ; under similar 
conditions barium and strontium oxides form 
carbides with ease. 

Silica, iron oxides and alumina form silicates, 
aluminates, and ferro-silicon, which reduce the 
purity of the carbide and the output of the 
furnace. 

The preparation of the raw materials in carbide 
manufacture is of much importance, owing to the 
high temperatures employed in the reduction of 
the lime. Water in the free state in the coal, or 
combined as hydroxide in the lime, should be 
entirely eliminated, its presence reducing the 
output of the furnace to a very serious extent. 
The coal (anthracite) or coke is, therefore, 
thoroughly dried at a low heat in some con- 
venient type of oven or rotary drier. The 
limestone, consisting of calcium carbonate, 
requires a high temperature to drive off the 
carbon dioxide, and the operation is usually 
conducted in some type of lime kiln fired by 
coal or gas — the Alby works at Odda used 
producer gas-fired kilns — or the limestone may 
be burnt in specially constructed chambers 
using gases evolved from the manufacture of 
the carbide. The ingredients were formerly 
ground fine to ensure a uniform product, 
but this is now found unnecessary, and the 
lime is reduced by crushers to 1-2 in. size, and 
the coal to J-J-in. mesh. They are then 
weighed and mixed roughly in about the 
theoretical proportions or approximately 100 
parts by weight of lime to 65 parts by weight 
of the carbon content of the coal. 

The types of electric furnaces which have been 
used in the manufacture of carbide may be 
roughly divided into the intermittent and the 
continuous forms. The first and earlier type 
was known as the ingot furnace, as the carbide 
was allowed to solidify in the crucible. 

In practice 4 tons of raw material were 
handled to produce 1 ton of carbide, and the 
process was also unsatisfactory on account of the 
varying quality of the product, which, though 
pure carbide in the centre, was only a fritted 
mixture of lime and coke on the crust. In order 
to improve both the quality and output the 
American makers adopted a rotating turnace, 
of which the Horr3’’ furnace is the best-known 
typo. 

In Eiirope the earlj' pot furnace was soon 
changed to a tapping furnace in which the 
carbide was heated until sufficiently fluid to be 
run into cast-iron moulds. The earlier furnaces 
were similar in form to the pot furnace, with one 
suspended electrode, but it was difficult to get 
the desired temperature and fluidity. Two or 
more electrodes were then introduced, and the 
progrcs.s in electric furnace design for high 
temperatures followed largelj- its development 


in the carbide industry. The furnace, as 
constructed by Alby in Sweden, used a single 
phase alternating currferit of 1,500 kilowatts, 
and produced 50-60 tons of carbide per week. 

The electrodes, which in the early days of the 
industry were obtainable only in comparatively 
small sizes, could later be purchased up to 22 in. 
square and more, and an assembly of smaller 
ones was also used by some manufacturers. The 
working temperature in the furnace attained 
3,000°C., with a somewhat lower casting 
temperature. To withstand such a great 
heat the furnace, which is constructed of 
steel frame- work and plates, has to be lined with 
some refractory material, preferably as inert as 
possible towards the elements of the charge, 
and, where the heat is most intense, cooling 
tubes maj' be built into the lining. It is 
necessary also to insulate the electrodes to 
prevent short circuiting through the furnace 
construction, as also to make a gas-tight joint 
where the closed form of furnace is employed. 

Considerable progress has been made in attain- 
ing size and efficiency by the use of multi- 
phase current, which has resulted in advantage 
not only to the carbide industry but also in the 
manufacture of ferrosilicon and other ferro- 
alloys. According to Helfenstein and Taussig 
(Seventh Congress of Applied Chemistry), the 
largest power consumption possible with a 
built-up electrode amounts to 2,500-3,000 kw., 
the current being 30,000-40,000 amperes at 
75-95 volts at the electrode. In a three-phase 
furnace — the only type formerly used for large 
units — this means a total power consumption 
of from 7,500 to 9,000 kw., or 10,000 to 12,000 
h.p. In the manufacture of carbide a further 
step has been taken in the construction of double 
three-phase furnaces, in which — in the same 
hearth — six instead of three electrodes are 
employed, connected to two separate three-phase 
units; the power required being from 15,000 
to 18,000 kw., corresponding to a production 
of from 80 to 110 tons of carbide in 24 hours. 
In this modification there is no increase in 
loading, but it is interesting as showing that the 
power capacity so attainable is unlimited, where- 
as any attempt to increase the power of con- 
sumption beyond 2,500 or 3,000 kw. per elec- 
trode is found to be impracticable unless 
the furnace is operated by entirely special 
methods, as in the Miguet furnace (v. infra). 

In open furnaces the heat, due to the burning 
of the gaseous products of the reaction, is so 
great that even with less than 3,000 kw. per 
electrode special protection against the heat has 
to be provided both for the workers and the 
electrical plant. Simultaneously the gases 
evolved become a serious nuisance in open car- 
bide furnaces, and smoke is developed dis- 
proportionately as the power is increased, for 
which reason it is not advisable to exceed 
3,000 kw. per electrode. Another obstacle to 
the use of higher concentration of power is the 
difficulty of satisfactorily charging the raw 
materials into the furnace so as to keep the 
electrodes uniformly covered, any undue 
exposure leading to fuming or distillation of 
I material due to overheating. 

1 As the capacity of the furnace is increased the 
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utilisation of the gases produced by the reaction 
becomes of greater economic momeilt. In* the 
carbide furnace 70-85% of the gases is carbon 
monoxide, with carbon dioxide and water as 
the sole impurities, and these are easily remoT' 
able m practice Furnaces are now designed 
entirely closed in, so that evolved gas can be 
utihsed for heating purposes, and by so doing 
smoke nuisance and excessive radiation of heat 
are avoided. 

The type of furnace as covered by Helfen* 
stein’s patents illustrates the main features of 
interest in connection with mechanical barging 
and other general problems of managcmentof the 
electrical furnace for the manufacture of carbide. 
Fig. 5 shows an elevation and section of an 
8,000-10,000 kw. single three phase furnace 
About 8-10 m. above the bottom plate 13 a 
cbargmg floor, where the raw material is 
brought to the charging apparatus at regular 



intervals, asf in blast furnace plants, by tipping 
wagons. The charging arrangements consist of 
a large mixing chamber, which can be closed 
gas tight, communicating with the body of the 
iiimace, through which the central hanging 
electrode, of 3,000-1,000 kg. weight, passes, 
bnng thus surrounded on all sides by the 
mixture. As the material is used, in the process 
the mixing reservoir, which has a capaaty of 
from 5,000 to 7,000 kg , is fed continuously 
through large pipes from the charging floor 
above. Wide slits provided with gas tight covers 
arc made in the top of the furnace proper, near 
the mouth of the reservoir, for observation and 
control of the process. 

IVben no more profitable use of the waste 
gases IS available, their immediate appheation in 
preheating the charge can be earned out as 
lUnatrated in Fig. 5. It is seen that in the upper 
part of the hearth there is a gas filled comer 



space bounded by the naturally sloped surlace 
of the raw materials; by blowing or sucking I 
air in at the nozzles, as mdicated in the fig^ure, 
this space is converted into a combustion 
chamber, the gases burning in contact with the 
mixture of material in the hearth. In another 
Austrian modification the furnace is provided 
with cbargmg vessels in the form of shafts similar 
in design to Helfenstein’s, but with a branch for 
taking of! the waste gases. 

The works of the A.*G. fur Stickstoffdunger 
near Cologne, described by AUmand and 
WilUams {J.S.C.1. 1919.38, 304R), were capable 
of produemg 200 tons of carbide a day, the 
power bemg obtained from five three-phase 
turbo-generators of 11,250 kw. each, and three 
smaller ones capable of supplying power and 
ebrrent for seven furnaces. 

Most of the calcium carbide of Europe is now 
manufactured from hydro-electric power in 
Norway and Sweden. The process is desenbed 


in “Die Industrie des Kalziumfcarbides,’’ by 
Rudolf Taussig, Wien, Verlag von Wilhelm 
Knapp, Halle, 1930. 

Two types of furnace arc m use, depending 
upon whether one phase or three phase current 
18 employed The three phase furnace is 
generally elliptical in shape with axes of 4-2 m 
by 8 m. and 3 7 m. deep, and is simJar in other 
respects to the arrangement already illustrated 
in Fig. 6. 

The latest type given by Taussig is a one- 
phase furnace designed by Miguet. 

The working mode is considerably changed 
from the types previously in use. Miguet 
passes the current through the permanent 
electrode in which the skin effect is exploited omy 
m the outer layer and from there through the 
mixed charge composed of different conducting 
I layem to the ground electrode. The charge 
consists of good conducting lime, roke, or 
anthracite mixture, and (in cold condition) had 
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conducting lime. The current passes through 
the coke mixture in the direction of the furnace 
wall and thence spreads round the whole charge 
between the electrode and furnace wall. Tuder 
the electrode collects a clean finished melt of 
carbide which is tapped at regular moderate 
intervals, leaving the residual lime roughly 
distributed around the electrode while at the 
same time the coal mixture is charged into 
the furnace. The lime conducts well in the 
neighbourhood of the high heat of the electrode, 
as also the coke mixtures occurring near the 
furnace wall, the combined effect of which is to 
give a uniform action between the ingredients 
of the charge throughout the furnace. 

The Miguet furnace possesses a circular out- 
line which, for the emplacement of the trans- 
former below the furnace is advantageous, and 
the arrangement is in fact of profound signifi- 
cance for the whole construction of the furnace. 
It allows the main cables to he carried near the 
electro-phase alloys so that the unalloyed leads 
are very short and consequently the subdivided 
leads of the furnace. Moreover, the circular I 
section of the furnace permits of a regular 
distribution of the leads around the furnace 
and secures a particularly favourable per- 
formance in which only 10,000 to 15,000 amperes 
are required. For details of the furnace see 
Taussig, “ Die Industrie dos Kalziumkarbides,” 
Wien, 1930. 

The subsequent treatment of the carbide 
requires special machinery, according to whether 
the material is to be used for the preparation of 
acetylene or for the manufacture of eyanamide. 
In the former case the clean ingots are broken 
into large blocks and fed into jaw crushers, from 
whence it is passed for granulation through slow- 
moving rolls, the object being to attain the 
desired state of division with a minimum pro- 
duction of dust. The crushed material is 
sized on drums or rotary screens, which deliver 
the product in sizes varying from large lumps 
8 by 4 in., for the manufacture of acetylene 
on a large' scale, to 16-30 mesh size for auto- 
mobile lamps, etc. A sheet-iron plant, where 
steel drums and air-tight ,cane are manu- 
factured for storing and transport of the 
carbide, is a necessary part of every works. The 
standard packages are 100, 110, 200i 220 lb.net 
weight of carbide, and small tins from 1 to 25 lb. 
for lamps. 

The largest use of calcium carbide is for 
making acetylene, but the eyanamide {q.v.) 
industry is dependent on calcium carbide for its 
manufacture. For this purpose it is neces.saiy 
to reduce the material to a fine state of division 
and to prevent o.xidation and explosion this 
operation is usually performed in an atmosphere 
of nitrogen. 

The manufacture of calcium carbide at prices 
prevailing in normal times depends upon the 
supply of cheap electric power. Norway and 
Sweden, having abundance of water-power and 
deposits of suitable limestone, have long been the 
largest producers of carbide. According to 
C. Bingham (J.S.C.I. 1918, 37, 85R), the pro- 
duction of a ton of carbide requires 4,250 units 
of electric power; this figure includes not only 
the current required for the furnaces them- 


selves but that absorbed by transformers and 
leads, as also that consumed by motors to 
drive crushers, elevators, .pumps and drum- 
making plant. 

Calcium Cyanamide, CaCNj. — When cal- 
cium carbide is heated to -1,100° it decomposes 
into calcium and carbon, and this elemental 
decomposition it was thought formed the first 
stage in the formation of ealcium cyanamide 
(».' infra). The calcium forms nitride with 
nitrogen, which combines with the carbon to 
give calcium cyanamide (Z. anorg. Chem. 1905, 
46, 1358). 

The nitrogen required for the production of 
calcium cyanamide, “ nitrolim,” from calcium 
carbide for manurial purposes, is obtained from 
the air by the Linde Company’s plant, which 
produces both nitrogen and oxygen. The union 
of powdered calcium carbide and nitrogen takes 
place with the evolution of heat; hence the 
temperature has to be maintained between 800° 
and 1,000°, as at higher temperatures the 
calcium cyanamide decomposes. The absorp- 
tion occupies 30 to 40 hours, and the product is a 
coke-like material which is ground to powder 
before being placed on the market. 

Erhlich (Z. Elektrochem. 1922, 28, 529) 
shows that decomposition of calcium cyan- 
amide commences above 1,100° and is not 
determined solely by temperature. Above 1 ,200° 
calcium cyanamide sublimes, but at 1,300° a 
re-formation of calcium carbide can be deduced. 
Pure calcium cyanamide sublimes at 1,300°, 
without previously melting. The dissociation 
pressure according to the equation 

CaC-i-Nj^CaCNa 

at 1,000° is 2-5 mm., at 1,100° is 14 mm., at 
1,140° is 32 mm., at 1,190° is 73 mm. 

Franck and Bodea (Z. angew. Chem. 1931, 44, 
379) find that commercial electrolytic calcium 
exhibits a maximum in the nitrogen adsorption- 
temperature curve at about 440°, and a second 
much higher maximum at 910°, i.e. in the neigh- 
bourhood of the melting-point ; after remelting 
the metal yields only a sharp maximum at about 
460°, and after redistillation only the maximum 
at 910°. At all temperatures above and below 
the peaks the adsorption is in all cases practically 
zero. It is suggested that neither o-Ca nor 
/?-Ca reacts readily with Nq, but that reaction 
occurs during the transition, for which- the 
optimum temperature is 400°; this view is 
supported by the observed influence of Na and 
Li (present in the commercial metal) in increas- 
ing the reactivity by virtue of their favouring 
the opening up of the Ca lattice. The primary 
reaction between CajNj, C, and at 800- 
1,100°, yields CaCj, which then reacts with Nj 
to form CaCNj ; when CajNj is heated with C 
in a vacuum at 900° the pressure at first rises 
and then falls to its initial value, and the 
product contains CaCj 56-9, CaCNj 31-1, 
CajNj 4-3%. The theory that CajNj is an 
intermediate product of the commercial manu- 
facture of CaCNj from CaCj is thus untenable. 
CaO and HCN react slightly at room tempera- 
ture, whilst at 350° the product contains 35% 
Ca(CN) 2 . Pure CaCNj may be prepared by 
heating Ca(CN )2 at 600°'in Nj ; by heating the 



220 


CALCIUil. 


product with C at 1,050° ia vacuum a white 
CaC, of 95% purity ma3- be prepared, the 
uupuntiea being onlj' CaCNj (2-3%) and 
CaO. 

Coehet (Z. angew. Chem 1931, 44, 3G7-372), 
using the compensation balance method and 
apparatus for the investigation of heterogeneous 
reactions at high temperature, states that the 
results are obtained with greater rapidity and 
are of higher accuracy than tho'e derived 
from v.-p. measurements. Equilibrium in the 
system CaCj-Nj-C-CaCNj at temperatures 
from 1,220° to 1,390° is bivanant The third 
phase, 1 1 . in addition to C and N, must be a 
solution of CaC] in CaCN^ ; thiasolutionis the 
true reactant and its concentration is a deter- 
mining factor of the equilibrium. The reaction 
up to at least 1,325° is completeh reversible 
and 13 CaCj-|-Nj^=^CaCN,+ C, biit at 1.400° 
the CaCNj decomposes with loss of Ca and 
N • 

CaCN,-^C-»•Ca-l-N,-^2C. 
at l,G00° the whole of the Ca present as CaCN« 
volatihses. At 1,120°-1,130° CaCNtContammg 
29% N IS stable, but with rise of temperature to 
1,200° the N content falls ranidlj to about 21% . 
at higher temperature it falls relalivelj slowly, 
and at 1,500' is 17 5% 

Calcium Carbonate, CaCO,. occurs as a 
major constituent of the earth's crust in beds 
of limestone, chalk and marble, it al-o con 
stitutes the principal ingredient m egg »heU>. 
mollusc shells and coral. It u formed ^en the 
oxide or bjdroside is exposed to roout air con 
taming carbon dioxide, but is not produced l>> 
the action of df>‘ carbon dioxide on drj lime 
It may be obtained in the pure state bj di'soh 
ing chalk, or marble, or calcined o.istcr abells in 
hydrochloric acid, precipitating the alumina, 
oxide of iron, and earthy jiliosphates by 
ammonia or milk of lime, hitenng, then pre- 
cipitating the calcium by ammonium carbonate, 
washing and drying 

Calcium carbonate is dimorphous, crystallising 
in the hexagonal system as cakite {q'r.) and in 
the rhombic sy stem as aragonite r ) 

Brajy: (Proc Roy Soc. 1924^ /A), 105. IC). 
by X ray annly-sis, shows that the rn«t.xlline 
structure of aragonite is based on the simple 
orthorhombic lattice, the sides of which are 
4 94 A, 7 94 A, 5 72 A. The cell contains 4 roots 
of CaC03 and the symmetry is that cbaraclens 
ing the space group Q'*. 

When aq ( N is added to aq. CaCI{ 

the formation of rhombic as opposed to acicular 
crystals of CaCOj is favoured by low tempera 
ture, low (NHj), and high concentration of 
reactants Below 35° spheruLtic crystals 
apjiear (T. Noda, J Soc. Chem Ind. Japan, 
1934,37.319). 

Boeke (Jahrb. Jim 1912, 1, 91) finds that 
Iceland spar fuses in CO, at I^ISO'/IIO atm. 
without decomposmg. Fusion of mixed CaCO,- 
CaO forms a eutectic of 91% CaCO,, 9^J, CaO 
at 1,218°, but no mixed crystals or mtermediate 
product. The heating curves indicate an 
inversion of CaCO, at 970° from calcite into 
aCaCO,. 

Calcium carbonate, when heated to full 


redness in open vessels, is decomposed into 
carbon dioxide and lime. If the carbonate 
be i^ted in a closed vessel, it fuses and 
resobdifies to a mass of marble like calnte. 
According to Becker (Jahrb Jim lbS6, 1, 
Ret 403), any form of CaCO,, even at a low 
pressure, is changed on heating m a clo«ed space 
with exclusion of air into the rhomboh^ral 
form without fusion. The crystalline forms of 
calcium carbonate dissociate v cry slowly below 
400° , at this temperature the dissociation 
pressures are of the order of 0 003-0 009 nun. 
At 423° aragonite is transformed into calcite 
within an hour when heated m a vacuum. 
Besides the two well known forms a third 
crystallme form, referred to as ^CaCO, 
(Merwnn and Williamson, Amer. J. Sci 1909, 
41. 473), 13 obtained along wi*h calcite and 
aragonite by precipitation at 60°. It has rf 2 54, 
and can be separated from caleitc, d 2 71, and 
aragonite, d 2 88, by flotation in a liquid d 2 C 
If small quantities of the precipitated carbonate 
are thrown into a fused mixture of sixliuni 
and potassium chlorides m equivalent propor 
tions. no carbon dioxide is evoheil, but the 
larbonatc becomes mst.albne c.alcite. usually m 
aggregations of crystals like snow crystals 
(Bourgeois, Bull. Soc chim. 1882, (»). 37. 447) 

The melting-point of CaCO, containing only 
03»% CaO IS 1,339° at 1,013 atm pressure 
(bmiih and Adams. J Amer Chem. Soc 1923, 
45. 1 167). 

The i>olub)Iity of calcite and aragonite in 
water at 25°. 50% 190*. determined by the direct 
method in winch hrgesilica flasks were employed, 
was as follows . calcite 0 01433. 0 01504. 0 01779 
g pet litre, aragonite 0 01528. 0 01017, 001902 
g. per litre. In contact with air containing 
3 7 CO, per 19,000 the solubility of calcitc was 
0 04608 g per Ltre at £5°, and 0 02923 at 50* 
(Kendall, PhU Jlag. 1912, (Yl). 23. 95S-97C), 

By treating an aqueous suspension of CaCO, 
with CO, under 56 atm. pressure at Ib'.Haehnel 
(J jir Chem. 1924, [ii], 107. 165) obtained a 
solution containing 0 393^{, CaCO, correspond 
mg with 0 637% calcium hydrogen carbonate 
Thi-. figure is higher than that found by JlcCoj 
and S'mifh (J. Amer Cftent. Sor^ Of}}, 
46S) Both prepaml cnluum carbonate and 
Iceland spar gave the same result. The solu 
bility of the CaCO, depends on the pre».«iire of 
the CO, to which the mixture is subjected 
It reached the above maximum at 46 atm , not 
at 16 atm. as stated by JlcCoy and Smith. 

A litre of water dissolves about 18 mg of 
calcium carbonate. The solution has a 
alkahne reaction. Gothe (Chem.-Ztg. 1915, 39. 
305) gives the solubility of CaCO, in 
free from CO, as being 31 0 mg per litre It 
increased by the presence of ehlondes, lutrat^ 
and sulphates in the water, but decreased by 
alkaline carbonates, and by chlorides, 
and sulphates of the alkaline earths. *\hen 
boded with water CaCO, slowly dissociates 
with evolution of CO, This dissociation stops 
at a certam point, and is prevented if a somtion 
of Ca (OH), (saturated at the ordinary tempers- 
ture) is added to the boilmg calcium carbonate in 
water m the proportion of 15‘c.c. per hire. 
Sodium carbonate (0 05 g. per ktre) preven 
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dissociation (Cavazzi, Gazzetta, 1917, 47, ii, 49). 
Scylcr and Lloyd (J.C.S. 1917, 111, 994) find 
that the ionic solubility product of calcium 
carbonate is [Ca]x [C03]=71-9x 10“^®, which 
gives [Ca] = 14-6X 10“® for a saturated solution 
CaC03 in pure water. In this solution the 
carbonate is hydrolysed to the extent of 66%. 
Water containing carbonic acid dissolves 
it much more readily, forming tho acid car- 
bonate CaH2(C03)2, which is known only in 
solution. Solubility at higher pressures in 
water containing carbonic acid follows the law of 
Schlocsing pretty closely (Engel, Compt. rend. 
1886, 101, 949). The solubility increases under 
an increase of pressure only up to 3 g. per 
litre according to Caro. Tho solubilitj' of calcito 
in water, determined at dififerent temperatures 
by bubbling air containing 3-18 parts of COj 
per 10,000 until saturation occurs, expressed in 
parts of CaCOg per million is : at 1°, 82 ; 21°, 
60 ; 22°, 57 ;2 3°, 57 ; 30°, 55 (Wells, J. Wash- 
ington Acad. Sci. 1915, 5, 617 ; cf. J. Amer. 
Chem. Soc. 1915, 37, 1704). Cavazzi (Gazzetta, 
1916, 46, ii, 122) finds that the maximum quan- 
tity of CaCO^, which after prolonged shaking 
dissolves at 0° in 1 litre of water saturated with 
CO2 and maintained so in the presence of the 
gas at atmospheric pressure is 1-56 g. (2-5272 g. 
Ca(HC03)2); at 15°, 1-1752 CaCOj (1-9038 
CajHCOjij). A supersaturated solution is 
obtainable, containing 2-29 g. CaC03 per litre. 
This acid carbonate plays a most important 
part in nature, for whenever water containing 
carbonic acid comes in contact with carbonate or 
silicates of calcium, the calcium is gradually 
converted into this soluble form and is therefore 
fo\ind in almost all natural waters. Hence also 
tho deposits in kettles and boilers ; tho forma- 
tion of which may bo prevented by the addition 
of ammonium chloride to tho water. 

Hydrates of Calcium Carbonates. — The evapora- 
tion of natural solutions of the acid carbonate 
generall}' results in the deposition of the ordinary 
carbonate, forming tho stalactites and stalag- 
mites of caverns, travertine, and other forms of 
deposit ; but sometimes the solution yields six- 
sided rhombic prisms of the •pentahydrate, 
CaC03,5H20. These crystals are often found 
in pumps and pipes leading from wells, also 
adhering to the conferva; in ponds. They keep 
Tinaltercd under water at 20°, but at slightly 
higher temperatures lose their transparency and 
water of crystallisation. 

Kraiiss and Schriever (Z. anorg. Chem. 1930, 
188, 259) state that the hexahydrate may bo 
prepared by adding O-lA’-sodium carbonate 
slowly to O-liV-calcium chloride both at 
0°. The subsequent washing, drj'ing and 
examination of the compound must bo carried 
out at a low temperature, since it decomposes at 
8°. From experiments on the isobaric dehydra- 
tion of the hexahydrate it is evident that a 
monobydrate also exists, and this compound 
has been prepared and examined. The mono- 
hydrate is very unstable, even when kept 
under water at 0°, and on decomposition yields 
calcitc. Densities have been determined as 
follows: hexahydrate, rfj 1-77; monohydratc, 
df 1-99. 


Hume (J.C.S. 1925, 127, 1036) investigated 
the hydrates of calcium carbonate as follows: 
A solution of sucrose 25 g, in 100 c.c. of water 
was shaken with lime and filtered, the filtrate 
being treated with carbon dioxide. After 
two or three days crystals of calcium carbonate 
hexahydrate were deposited, 1-789. In 
contact with water or above 0° the hexahydrate 
slowly changes into anh3’’drous calcium car- 
bonate, but in the sugar-lime mixture it is 
stable below 10-4° and the anhydrous salt above 
17°. Between 10-4° and 17° the stable phase is 
pentahydrate, 1-834. Between 10-4° and 
25° the hexahydrate is first precipitated from 
the sugar solution and then changes slowly 
into the form most stable at the particular 
temperature. 

Basie Carbonates of Lime. — Calcium oxido 
commences to adsorb carbon dioxide at a 
temperature of 415°, forming a basic carbonate of 
the composition 2Ca0-C02 (Birnbaum and 
Mahn, Ber. 1879, 12, 1547). 

Raoult (Compt. rend. 1881, 92, 1457) shows 
that when freshly burnt lime is heated in a 
current of carbon dioxide it glows strongly, 
forming 2Ca0-C02, which does not dis- 
integrate in moist air, and does not take up 
•water from steam at 200°. When finely 
powdered' and treated with a little water, it 
hardens like hydraulie cement. The hydrated 
product has the composition CaC03-Ca(0H)2. 
On heating to dull redness, it loses water and is 
converted into a mixture of CaCO, and 
CaO. 

When burnt lime is heated in contact with 
carbon dioxide for several days, the basic salt, 
2CaC03-Ca0, is obtained, which adsorbs 
more COj, forming a third salt SCaCOj-CaO. 
Tho carbon dioxide continues to be adsorbed, 
ho'\vcver, and appears eventually to form the 
normal carbonate. 

Calcium Nitride, CajNj, is best obtained 
by passing dry nitrogen over metallic calcium 
contained in a metal boat and tube heated 
to bright redness. Two to three hours are 
required, and tho resulting material is fritted 
and possesses a brownish-red colour. Its fusion 
point is about 1,200°, sp.gr. 2-63 at 17°. When 
thrown into water it produces a lively effer- 
vescence, j’ielding ammonia and calcium 
hj'droxide : 

Ca3N2+6H20=3Ca(0H)2-l-2NH3 

(Moissnn, Ann. Chim. Phys. 1903, [vii],18, 289). 
The nitride heated in a current of hydrogen 
gives a compound having tho formula Ca3N2H4 
(Dafcrt and Miklauz, Monatsh. 1913, 34, 
1685). 

Antropoff and Falk (Z. anorg. Chem. 1930, 
187, 405) inv'cstigated the sj-stem calcium- 
calcium nitride by the determination of cooling 
curves in an atmosphere of argon. The eutectic 
mixture corresponds with 3-4% of nitride, 
but^fhe cooling curve shows halts at 780° and 
809°. The melting-point of calcium nitride is 
1,195 il°. The heat of formation of calcium 
nitride obtained by Guntz is 113,250 g.-cal.; 
Frank and Bodea obtained 102-6±1° kg.-cal. 
by direct formation of CajN, (95-98-2%) in a 
bomb calorimeter. 
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By beating the amide in a high vacuum the 
permtride Ca3N4 has been obtained as a 
reddish-brown powder, probably mixed with the 
corresponding imide. It dissolves slowly m 
HjO or dilute HCI with formation of NHj and 
Nj The X-ray spectra contain, besides the 
imide hnea, new lines which cannot he measured 
owing to a cloudiness which la apparently 
always found when the pemitride is present. 
Ba^Nj is probably similarly formed (H. Hart- 
mann, H. J. Frohlich, and F. Ebert, Z. anorg 
Chem. 1934, 218, 181) 

Calcium Azide, Ca(N,),, may be obtained 
by treatmg calcium hydroxide solution with the 
aqueous acid or by warming ammoiuum azide 
With excess of calcium hydroxide. The excess 
of Ca(OH)2 IS precipitated with carbon 
dioxide and the filtered solution concentrated 
Calcium azide forms colourless rhombic prisms 
(Curtius and Riasom, J. pr Chem. 1898, (ii), 
58, 261). 13 not affected by hammenng, but 
explodes on throwing on to a heated metal 
plate or by heating to 144“-156®. The dthydra- 
ztnale, Ca(N3),,2N2H4, may be prepared by 
crystalhsation of Ca(N3]2 from anhydrous 
hydrazine 

Calcium Ammonium, CafMHj)^. is formed 
when a current of dry ammonia gas u passed 
over metallic calcium, caauitained at a tempera- 
ture of 15® to 20®. It possesses a brownish red 
colour, and takes fire when exposed to air (Bdtz 
and Huttig, Z anorg. Chem 1920, 124, 241) 

Botolfsen (Ann Chim. 1922, [iz], 18, 5)abow3 
that its formation may take place at - 15® to 
-f 30® (c/. Moissan) , at the higher temperature, 
pressure is required, and if the calcium employed 
contains sodium as lopunty, the product is 

n rather than crystalline. On being heated 
out 34® under reduced pressure the sub- 
Btaoce decomposes explosively , the teroperatnre 
at which this occurs depends on the pressure 
Calcium Amide, CalNHj), — Calcium am- 
moaium slowly decomposes formuig transparent 
crystals of calcium amide, hydrogen and 
ammonia being evolved. 

Guntz and Benoit {Ann. Chim 1923. [ix], 20, 5) 
state that while the amides and imides of 
barium are obtained by the direct action of the 
metal on ammonia, those of calcium and 
strontium are only obtainable indirectly and 
with some difficulty by decomposition of the 
corresponding met albc ammonium (see also Kraus 
and Hurd, J. Amer. Chem. Soc. 1923, 45, 2559) 
Calcium imide, CaNH, is formed bypassmg 
equal volumes of’hydrogen and nitrogen over 
heated calcium. It haa not been obtained pore 
(Dafert and hliklauz, l.c ]. 

By heatmg the alkahne-earth amides, 
M(NHj)j, at approx. 400®, without removing 
the gases formed, the imides M N H are obtained 
as yellow, cubic, face-centred crystals X ray 
data are given (Hartmann, Frobheb, and Ebert, 
Ic.). 

Calcium Nitrite, CalNOjlj.HjO, is pre- 
pared by decomposmg a boiling solntion of 
Sliver nitrite with hme water, treating the filtrate 
with sulphuretted hydrogen and carbon dioxide 
to remove the silver and excess of calcium, and 
evaporating at a gentle beat. It crystalbses m 
dehquescent prisms insoluble in alcohol. 


Calcjum Nitrate. — ^The hydrate, 
Ca{N03)j,4H,0. 

m.p. 42-4® (Pickering), 42-7® (Richards), 42 89°± 
0 03® (d’Ans and Siegler), occurs as a siliiy 
efflorescence in limestone caverns, especially 
those of Kentucky, also on the walls of places 
where there is much organic refuse. It is found 
m many well waters, being derived from the 
soiL It is extremely deliquescent and soluble, 
and causes rapid disintegration of mortar, and 
hence is call^ “ saltpetre rot.” It may be 
prepared by dissolving the carbonate in mine 
acid, on slow evaporation of the solution the 
hydrated salt is deposited in monoclmic six 
aided prisms terminated by acute pyramids 
With alcohol it forms the compound 
Ca{N0,)3.2CjH5 0H 

(d'Ans and Siegler, Z. physikal Chem. 191J, 
82, 41). The hydrate is also soluble m alcohol 
On evaporating the aqueous solution to dryness 
the anhydrous salt of ep gr. 2-472 h obtained, 
possessing a warm, hitter taste and readJy 
soluble in water and alcohol On heating, 
more strongly, it becomes phosphorescent, as 
noticed by Baldwin in 1674, and hence u termed 
Baldima** pAospAortw At a higher tempera- 
ture, oxygen and nitric peroxide are evolved 
and with combustible bodies detonstion occurs 

The melting-point of Ca(NOj). is 561® 
(Camelly). The eutectic point for the system 
Ca(NO,)*-KN03-NaNO, » 175®. The 

compound Ca(NO,).,4CO(NH.), is formed 
when CalNOj)} and carbamide are mixed 
together with a small quantity of water and 
dried, or when a suitable proportion of carba- 
mide IS added to a melt of dehydrated mtrate. 
The double compound is easOy soluble in water 
(USP 1369383, Bosch). 

Nitrogen peroxide reacts with calcium oxide 
at all temperatures up to 400°, givbg primarily 
caicium nitrite and nitrate Secondaiy re 
actions occur at higher temperatures Above 
230” calcium nitrite decomposes: 

Ca(NOj),= CaO-t-NO-l-N03; 
and in the presence of mtrogen peroxide 
undergoes oxidation at lower temperatures in 
the following ways : 

Ca(N 03 ) 3 -f 2 N 0 **Ca(N 0 j) 3 + 2 N 0 , . 

Ca(N03)g+NO,-v-Ca(N03)j+0 6N*at450®. 

The molecular proportions in which the 
products of decomposition arc formed » 
represented by the equation 
12 02 CalNOg)*-*- 

7-68 CaD+4 34 Ca(NO,)j+14 40 NO+N, 
mtrogen and nitric oxide alone being evolved 
Above 480® nitrogen peroxide is in addition given 
off, and at 495“ calcium nitrate begins to 
decompose. Calcium nitrite is not oxidised by 
oxygen below its decomposition point except m 
the presence of nitrogen peroxide. The existence 
of the compound Ca(NOj)j,4HjO was con- 
finned (Partington and Wdliams, J.C.S. I”-’' 
12S, 947). „ 

The action of liquid and gaseous "itr?^ 
peroxide at temperatures between 15° and 4W» 
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and for periods between 5 and 624 hours on 
calcium carbonate and o.xide, and that of 
nitric oxide on these substances at 400°, have 
been studied by Briner, Lugrin, and Monnier 
(Helv. Chim. Acta, 1930, 13, 64-76). Both in 
the liquid and gaseous state dry nitrogen 
peroxide reacts with calcium carbonate accord- 
ing to the equation 

CaCOg-f-3N Og 

= Ca(N03)2-i-C02-i-N0+27 kg.-cal. 

The amount of nitrogen peroxide adsorbed is 
proportional to the time of contact, and the 
rate of adsorption increases rapidly with rise of 
temperature. With lime both nitrate and nitrite 
are formed with the liberation of nitric oxide, 
but the adsorption is irregular by reason of the 
pasty nature of the product. At 400° nitric 
oxide does not react with calcium carbonate and 
is decomposed only to a very slight extent by 
lime. Under conditions in which the solid may 
be stirred, nitrogen peroxide in 10% concentra- 
tion in air is better adsorbed by calcium carbon- 
ate than by lime. The use of calcium carbonate 
in the recovery of nitrous gases is suggested. 

The hydrate of calcium nitrate is extensively 
prepared on the Continent for the manufacture 
of nitre by mixing vegetable and animal refuse 
with chalk, marl, cinders, etc., moistening from 
time to time with liquid stable manure, and 
exposing to the air for two or three years, when 
the mass is lixiviated and the crude nitrate of 
calcium decomposed by carbonate, sulphate, or 
chloride of potassium. Large quantities of 
calcium nitrate are now produced by the Haber 
process. 

Calcium Phosphide, Ca^Pj. — Moissan 
(Compt. rend. 1899, 128, 787) obtained calcium 
phosphide as an amorphous product from pure 
crystallised calcium and red phosphorus. The 
two bodies were placed apart in a tube which 
was e.xhausted and the phosphorus was gently 
heated. The vapours evolved combined with the 
calcium with incandescence. He also obtained 
it in a brownish-red crystalline form by reduction 
of pure calcium phosphate with carbon in an 
electric furnace, using 310 parts and 90 parts 
respectively of the ingredients and a current 
of 950 amperes and 45 volts. It melts with 
difficulty except in the electric furnace, and has 
a sp. gr. 2-51 at 16°. The crystalline phosphide 
is decomposed slowly by cold water liberating 
hydrogen phosphide which is not spontaneously 
inflammable. 

An impure calcium phosphide which is decom- 
posed by water evolving the spontaneously 
inflammable mixture of liquid and gaseous 
hydrogen phosphides is utilised for the produc- 
tion of signal fires at sea. The manufacture is 
carried out in large crucibles divided by a false 
perforated bottom into two compartments, in the 
upper of which the pieces of lime are raised to a 
red heat, the phosphorus placed in the lower com- 
partment being afterwards volatilised by the heat 
radiated from above. In about 6 hours’ a charge, 
yielding 20 lb. of product, is finished. The broym 
stonj’ mass is immediately worked up into the 
“ lights.” These consist of cylindrical tinned- 
iron boxes, the lower half of which is filled ■with 
about 6 oz. of the fragments of phosphide. 
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Two small circular portions of the upper and 
under surfaces of metal are formed of soft lead, 
so that they may be pierced by a knife just 
before being thrown overboard. The tins are 
supported by a wooden float when in use. The 
water enters below and the gas issues from the 
upper outlet, burning with a flame 9 to 18 in. 
high, lasting about half an hour. Larger but 
similar “ lights ” are prepared to be placed in a 
bucket of water on de^k. 

Calcium Phosphite, CaHP 03 ,H 20 , 
separates as a crystalline crust from a solution 
of. the ammonium salt mixed with calcium 
chloride. It is sparingly soluble in cold water, 
and the solution decomposes when heated 
depositing a basic salt. It gives off its water at 
100°. It is a white crystaUme powder, which, 
on heating, evolves spontaneously inflammable 
pnosphoretted hydrogen, accompanied by slight 
detonations. At a higher temperature it 
becomes incandescent, and leaves a residue of 
calcium phosphate. 

An acid, phosphite, CaH3(P03)2,H20, is ob- 
tained as a crystalline crust by acting upon 
marble with aqueous phosphorous acid as long 
as carbon dioxide escapes. The crust consists 
of needle-shaped crystals soluble in water, and 
losing their water at 100°. 

Calcium Hypophosphite, 

Ca(P02H2)2 or CaH4(P02)2, 
is prepared by boiling phosphorus with milk of 
lime : 

3Ca(OH)2-i-2P,-t-6H20 

= 2PH3-i-3CaH4(P02)2 

On evaporation the hypophosphite is obtained 
in monoclinic flexible prisms insoluble in 
alcohol. When heated it evolves phosphoretted 
hydrogen and water, leaving calcium pyro- 
phosphate. It has therapeutic properties. 

Monocalcium Phosphate, CaHgiPOilj. 
Bassett (Z. anorg. Chem. 1907, 53, 65) obtained 
the anhydrous salt in long shining prisms by 
digesting CaCOg with concentrated H3PO4 
in an air bath for 6J hours followed by filtration 
on a Bucknell funnel washing with acetone and 
ether. 

The monohydrate is obtained in rhombic 
tables by dissolving the monophosphate in 
phosphoric acid and allowing the solution to 
evaporate spontaneously. It has a strong acid 
reaction, deliquesces in air, dissolves readily in 
water with decomposition, and crystallises in 
triclinic pinacoidal prisms {Groth, “Chemische 
Kiystallographie,” II, p. 830; Leipzig, 1908). 

The hydrate fuses on heating, giving up its 
water, and at 200° it .parts with the elements of 
water, leaving a mixture of calcium pyro- 
phosphate and metaphosphoric acid : 

2CaH,(P03)2=Ca2P207-l-2HP03-t-3H20 

When the mixture is heated to a still higher 
temperature, pure calcium metaphosphate 
remains (Spring, Bull. Soc. chim. Belg. 1907, 21, 
91). 

Superphosphate of Lime is a mixture of 
monocalcium phosphate and calcium sulphate, 
which is manufactured as a manure. It is 
prepared by acting on bone-ash, rock phosphate. 
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phosphontes, or other mineral phosphates trfth 
two thirds weight of sulphuric acid : 

Caj(P 04 ),+ 2 H,S 04 

= CaH 4 (P 04 ),+ 2 CaSO 4 
Besides its use as a manure for root crops it is 
used also m the manufacture of phosphorus. 

On dissolving mcreasmg quantities of mono* 
calcium phosphate in a given weight of water at 
a constant temperature the amount of free 
phosphoric acid continually increases, and 
tends towards a limit in accordance with the 
equation 
2 CaH 4 (P 04 ), 

^CaH 4 (P 04 ),+ CaHP 04 +H,P 04 
In Superphosphate the dicalcium phosphate is 
seldom present unless excess of acid has been 
u«ed. Alta considers that reaction does not 
take place according to Kolbe’s view, in two 
stages, but is more correctly represented by the 
equation . 

5Ca,(P04),+11H,S04 

-4CaH4(P04),-f2H,P04+JICaS04. 
^Vith n^e of temperature there is found free 
phosphoric acid and dicalcium phosphate which 
gradually mtersct to form the monocalcium 
phosphate (Annali Chem. Appl. 1918, 10, 93). 

Monocalcium phosphate u used as a basis of 
organopbospbors (£. Tiede and H Chomse, 
Ber. 1933, U6) Weighed quantities of 

Ca(H}^ 04 )i.H ,0 and the orcamc compound 
are intimately mixed u a porc^sm mortar and 
heated at about 230’ on Pt foil or porcelain 
until the mass has become plastic The phos* 
phate IB thereby converted mto a mixtue of 
Ca(POj)| and Ca.PjO, Lnauoous prepara- 
tions are obtamed with nranin, pbeuanthra* 
qumone, and the three carboxylic acids : — 
m C4H4 (COjH)j. CgH,(COjH),. 

C,H,(C0,H)4; 

poor results with l-bydroxj-naphthoic acid, and 
negative results with saLcyhc acid and anthra 
cene. Small amounts of metals (Cu, Bi, Mn) 
do not induce lummescence 

Diealetum OrthophosphaU, CajHj^POglj — 
An aqueous solution of phosphoric and acts on 
precipitated chalk, forming small needle shaped 
crystals of dicalcium phc»phate. Dned at 100®, 
the salt contains SHjO, which it does not 
lose below 113°. It is soluble in ammonium 
citrate, and in boiling aqueous solution it is 
partially decomposed mto tnealcium phosphate. 

On mixing boding solutions of sodium 
phosphate, calcium chloride, and acetic acid, 
Ca 2 H 2 (P 04 ) 2 ,H {0 13 formed; if the solutions 
are mixed in the cold, Ca 2 H,(P 04 ) 2 . 5 H 20 is 
the'product (MiUot, Bull Soc. chim. 1880, [u], 
33, 194). The pentahydrate is abo formed (Joly 
and Soreh Compt. rend. 1894, 118, 741) when 
cold saturated solutions of s^ium phosphate 
and calcium chloride are mixed in the presence 
of hj drochlonc acid. 

When solutions of calcium chloride and 
ordinary sodium phosphate are mixed, a white 
crystalline precipitate of Ca 2 H 2 (P 04 } 2 , 4 H 20 
13 thrown down. It is this salt which b 


occasionally deposited from wine in stellar 
aggregates According to Becquerel and Ber- 
zelius. a trihjdrate may abo be obtained 

Cakium OrthopkosphaU, Caj(P 04 ) 2 , occurs 
pure in the mineral osteolite, and as 
Ca 2 (P 04 ) 2 , 2 H 20 m omithite. Combined 
with calcium fluoride or chloride, it occurs m 
nature as apatite (q r.). Apatite is phosphorescent 
when heat^. especially after exposure to radium 

Calcium phosphate abo forms a principal 
constituent of the coprolites frequently found in 
extensive beds in the stratified rocks, and tbs 
forma the chief source of the rock phosphate of 
commerce. It forma about 80% of the morgamc 
material of bones. 

It IS obtained in the amorphous state by pre- 
cipitatmg an ammomacal solution of calcium 
chlonde with excess of hydrogen disodium 
phosphate. The precipitate la gelatinous, but 
dnea to a white earthy powder, nearly insoluble 
in water, but decomposed by long boilmg into 
an insoluble basic salt of the composition, 
Ca 2 (P 04 ) 2 ’Ca 2 (P 04 ) 0 H, and a soluble and 
salt This reaction abo occurs slowly in the 
cold Calcium phosphate is abo soluble in 
water containing carbonic acid (1 part in 1,789 
parts of water saturated with cai^n dioxide), 
ammonium salts, sodium nitrate, sodium 
chlonde, and other salts Its adsorption by the 
roots of plants is therefore promoted by the 
agency of salme solutions. 

Bassett (J C S. 1917, 111, 620) has shown that 
only two phosphates more basic than dicalcium 
phosphate exist these are tncalcium phosphate, 
CajPjOg, and hydroxy apatite, 

(Ca,p20,),.Ca(OH),. 

The latter is the only stable solid phase over a 
range of acidity of great practical importance, 
as It can exist m faintly acid, neutral, or 
alkaline solutions. It is probable that this 
compound is the only calcium phosphate that 
can permanently exist under normal soil coa- 
ditions. Bone phosphate is considered to he a 
mixture of hydroxyapatite and calcium carbon- 
ate, with small amounts of adsorbed bicatbonstes 
of sodium, potassium, and magnesium. 

Danneel and Frohlich (Z. anoig Chem. 1930, 
188, 14) suggest that the wide variation of the 
figures given m the literature for the solubibty 
of tncalcium phosphate in water is largelv doe 
to the fact that a substance havmg the com- 
position CajPjOg has hitherto seldom been 
obtamed. Specimens in which the ratio 
Ca . P varied between 2 99 and 3 01 have been 
prepared by precipitating solutions of mono- 
calcium phosphate with dilute ammonia, and the 
result of shaking these with water has bwo 
investigated. Equihbnum is established m 
less than 8 hours. Wann^on’s statement that 
the composition of the solution is a function of the 
relative amounts of solid and water has been 
confirmed. Calcium and phosphoric acid art 
not necessarily present in the solution mstoichi^ 
metne proportions. With very little water the 
CaO/PjOs ratio b 1 : 1 ; with 5 hires per g 
of solid it IS 2; 1 : and with JO litres 
2 53 1, which last named ratio b not 
by further dilution. It is considered probab e 
that water decomposes tnealcium phosphate int 
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tctracalcium phosphate, a salt Ca3H2(P20g)2. | contact of 35 days. In the presence of traces 
and monocalcium phosphate, and that these form of water the action is represented by 


a solid solution. 

Calcium orthophosphate may be obtained in 
the crystalline form by heating dicalcium 
pyrophosphate with water, whereby it is 
resolved into phosphoric acid and tricalcium 
phosphate, which separates in rectangular 
plates; 

3Ca2P207+3H20=2Ca3(P04)2+2H3P0< 

Tricalcium phosphate is not decomposed by 
ignition. It is not reduced by CO, but H 
reduces it at 1,300° to a mixture of CaO and 
phosphorus. Carbon begins to reduce it at 
1,400°. It is not decomposed by silica in an 
inert atmosphere, but chemical combination 
occurs at 1,150°, and the product is completely 
reducible by carbon. The compound has the 
composition 3Ca0,3Si02,P20B, and is indi- 
cated by a strong maximum on the freezing- 
point curve of the system calcium phosphate- 
calcium silicate. 

Briner and Monnier (Helv. Chim. Acta, 1930, 
13, 80) show that no reaction occurs between 
calcium phosphate and sulphur dioxide at the 
ordinary temperature, but at higher tempera- 
tures a reaction, represented by the equation 

2Ca2(P04)2-l-3S02 

“ 2 CaSO^-l- 2CH2P 207'T'S 

occurs. 

Thilo (Z. physikal. Chem. 1930, 148, 361) 
states that when a suspension of calcium 
phosphate is dissolved in sulphurous acid the 
following equilibrium is set up : 

Ca(H 2 P 0 j 2 +nCa(HS 03)2 

^2CaH PO^-Kn-M )S02-1- (n-1 )CaS03 

-{-(n-f-1)H20, 

in which n depends on the ratio CaO/PjOj 
in the original suspension. By removing the 
sulphur dioxide with a current of nitrogen at the 
ordinary temperature a precipitate consisting 
of dicalcium phosphate and calcium sulphite is 
obtained. Contrary to the findings of Mebane, 
Dobbins, and Cameron (J. physical Chem. 1929, 
33, 961 ), the phosphoric acid is alwa3's present as 
the dicalcium salt, whatever be the initial ratio 
of acid to lime. The proportion of calcium 
sulphite to dicalcium phosphate depends on the 
ratio CaO/PjOj in the suspension, as much 
calcium as possible being precipitated as 
phosphate and the remainder as normal 
sulphite. The composition of the precipitate is 
independent of the dmation of the experiment, 
the velocitj’ of the nitrogen stream or the con- 
centration of the solution. The rate of evolution 
of sulphur dioxide decreases rapidly to a 
minimum, and the formation of the precipitate 
begins immediately before this minimum is 
reached. Afterwards, the rate of evolution 
increases to a maximum and then slowly de- 
creases, indicating that the reaction is auto- 
catalyticallj' accelerated by the precipitate. 

Briner and Lugrin (Helv. Chim. Acta, 1930, 
13, 76) find that neither liquid nor gaseous 
nitrogen peroxide has appreciable action on 
dry calcium phosphate, even with periods of 


3N02-l-Ca3(P04)2-fH20 

= Ca(N03)2-}-2CaHP04-fN0, 

and, with greater amounts of water, by 
6N02-(-Ca3(P04)2-f2H20 

= CaH4(P04)2-f2Ca(N03)2-f2N0. 


No nitrite is formed in either case, any nitrous 
acid formed either decomposing to give nitric 
acid, 3HN02=HN03-1-H20-(-2N0, or being 
oxidised by the nitrogen peroxide, 

H N Oj-l- N © 2 = H N 03 -i- N O. 

Colloidal calcium phosphate may be prepared 
by adding slowly with continuous shaking a hot 
normal solution of sodium phosphate to an 
equal volume of normal solution of CaCl2 
containing a definite amount of protective 
colloid such as gum arable or gelatin (de Toni, 
KoUoid-Z. 1921, 28, 145). 

Colloidal calcium phosphate with calcium 
carbonate has been prepared by mixing sodium 
phosphate, sodium carbonate and calcium 
chloride solutions in aqueous gelatin solution at 
95°. The ratio of the two salts can vary greatly 
(Stella, KoUoid-Z. 1927, 43, 21). 

Dieckman and Houdremont (Z. anorg. Chem. 
1921, 120, 129) give the melting-point of tri- 
calcium phosphate as 1,670°. Oxyapatite, 
3(Ca3P205),Ca0, ro.p. 1,540°, d 2-99, is formed 
by heating tricalcium phosphate with calcium 
carbonate, the formation being complete at 
about 1,450°. By melting o.xjmpatite with cal- 
cium pyrophosphate a very soluble tricalcium 
phosphate is obtained. The solubility of tri- 
calcium phosphate in 2% citric acid was found 
to be affected by the temperature to which 
it was heated. Starting at 94'6% it fell to 
60% at 540°, and then rose steadily to 96-2% 
at the melting-point. Oxyapatite has a 
solubility of 55% in citric acid. 

M. A. Bredig, H. H. Franck, and H. Fiildner 
(Z. Elektrochem. 1933, 39, 959-969 ; cf. 1932, A. 
469) have prepared mixed apatites containing 
the following bivalent groups in place of F ; 

Fe204, and CaCN2. Carbonate- 
mixed-apatite has been characterised by its 
X-radiogram, and most naturally occurring Ca 
phosphates consist of it. The materials of 
bones and teeth are hydroxyoxyapatites. The 
transformation of the two forms of Ca3P20g is 
very sensitive to CaO and HjO, and this is 
explained on the basis of stabilitj’’ of hj’droxj’- 
oxyapatites. 

Tetracalcium Phosphate . — Phosphorus in basic 
slag is present as tctracalcium phosphate, 
4CaO,P205 ; less basic phosphates are reduced 
by molten iron, forming iron phosphide, Fe3P 
(LaMetallurgia, 1912,9,28). 4Ca0,P205,m.p. 
1,630°, has a high solubility in citric acid, but if 
heated for some time at 1,000° it falls to 25%. 

Calcium Pyrophosphate, Ca2P20., is prepared 
by the action of aqueous pyrophosphoric acid 
uponlime water, or sodium pj-rophosphate upon 
calcium chloride. If the precipitate thus ob- 
tained is dissolved in sulphurous acid and the 
solution heated, the salt separates as a crj’stalline 
crust. The ctystals contain four molecules of 
water. 


VoL. II. — 15 
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Cakt urn Meta phoipftales — The monosalt 
Ca(POj)j IS obtained b\ di'sohing calcium 
carlKjnate m orthophosphoric acid, evaporating, 
and heating the residue to 31G’. It isan insoluble 
white powder 

The dimetaphosphate Caj(POj)4,4HjO is 
obtained pure in the crj'-talline form by pre- 
cipitating the corresponding alkab *alt with 
excess of calcium chloride It is insoluble in 
water, but i» decomposed bj strong sulphuric 
acid. A double dimetaphosphate of calcium 
and aminonium, 

Ca(NH4),{P0j)4.2H,0. 

IS obtained in spicubr eij-stals bj mivmg a 
solution of calcium chloride with excess of the 
ammonium salt. It is insoluble m water 
Phosphato-chlorides of Calcium are ob 
tamed by eiaporating solutions of tricalcium 
phosphate in hjdrocWorie acid A saturated 
solution, on spontaneous e\aporation, deposits 
rhomboidal plates of 

TCaH^lPO^li-CaClj.tAHjO 


found to contain fine white prisms of the tn 
calcium orthoarsenate, CajfAsO,),. insolutlc 
in acids. The meta arsenate, CafAsO,),. u 
formed as an insoluble crj-stalline powder when 
mixtures of arsenious anhjdride and cslcian 
carbonate are ignited. 

According to P». H. Robinson (J. Agnc. Rm. 
I9IS. 13, Siil). pure calcium hjdrogen arsenate 
(CaH AsO^.HjO) may be prepared by pouring 
an acidified Bolution of calcium chloride into an 
acidified solution of sodium hydrogen arsenate 
It forms a heavy loluminous precipitate which 
may be obtained ciystallinc. It becomes 
anhydrous at 173°. Tricalcium arsenate, 
Ca,(As04)j.2H|0, 

maj be prepared by pouring an alkahne calcium 
chloride solution into an alkaline sodium 
hydrogen arsenate solution, when a beary, 
volummous, sparingly soluble precipitate of sp gr 
' 3 23 IS formed 

Basic Calcium Arsenate. — Hydrolysis of tn 
calcium arsenate or calcium ammonium arsenate 
I yields a basic calcium arsenate. 


If the solution is evaporated on the water bath, 
dicalcium phosphate is first deposited, then, on 
further evaporation, the above phosphatic 
chloride comes down, and afterwards white 
scales of CaH4(P04)} CaClj.H.O When a 
solution of dicalcium orthophosphate in hydro 
chloric acid is saturated at ordinary tempera- 
tures with tncalcium phosphate, then mixed 
with half the quantity of hydrochlonc acid 
already contain^ in it. and evaporated, on 
cooling below C* crystals separate having the 
conipo«ition 4CaH4(P04l, CaCi{.8H|0 
(Erlenmeycr, Jahresber 1837, l4b) 

Calcium Silice-Phosphate. — According to 
Carnot and Richard (Comnt rend 1893,87.316) 
the brownish black slag, formed in working the 
Thomas Gilchrist process at Joeuf (Meurtbe-et- 
Moselle), H coiereu with black crystab, some of 
which are slender needles, others right rhombic 
pnsms with brilliant faces, frequently aggre- 
gated in columnar masses terminating in 
Mtreous. translucent, blue crystals Similar 
blue coatals are found in the caiities, possessing 
the constant composition 

8P,Oj 8SiO, Al,0, FeO 36CaO. 
csi.entially a calcium silico phosphate. 

Ca,t POjlj+fcajSiO,. 

Calcium Arsenates. — Dicalcium arsenate 
occurs native as haidtngerile, 

Ca.H,{As0*),.H,O, 


3Caj(As04)t.Ca(0H)j. 

0 00488 part of which dissolves in 100 parts of 
water at 25°. It is analogous to hydroxy, 
apatite, and, like the latter, retains the water 
tenaciously (H.V Tartar.L Wood.andE Hmfr, 
J Amer. Cbem Soc 1824, 46. 809). 

Calcium arsenate appears to be now generally 
prepared by heating a mixture of milk of line 
and arsenious oxide (white arsenic] into which 
chlonne is passed, whereby an insoluble arsenate 
is produced together with a soluble cblonde 
(H P. Basset and E. C. l^athrop, USP. 
1300043, 20/12/21, issued 23/6/26) 

The toxicity of calcium arsenates an in 
secticides decreases with the increase of tbs 
molecular ratio 

CaO: AStOg. 

but IS not greatly affected by Ca(OH), in the 
presence of Caj(A$04)2.H{0. The banc 
calcium arsenates have a constant toxicity which 
IS lower than that of the acid calcium arsenate 
(Hendricks, Bacot and Young, Ind. Eng Chen 
1926. 18, 50) 

rafciwm Ammonium Arsenate, 

Ca(NH4)As04.7H,0, 

IS produced by mixing a hot solution of arsenic 
I acid in excess of ammonia with calcium lutttle 
or chloride ; tabular crystals are deposited on 
cooling. In a vacuum over sulphuric acid they 
become Ca,(NH,)H,(As 04 ),. 3 H, 0 . and 
when dried at 100° base the composition 


and p^armacoltfe, 

Ca,H,{As04),.6H,0, 

and may be prepared by adding a solution of 
dtsodium arsenate to excess of calcium rhlonde 
The tetrahydne arsenate obtained by addition of 
lime water to arsenic acid m soluble, while the 
tncalcium arsenate is insoluble m water, and 
may be prepared by precipitating calcium 
chloride w ith tnsodmra arsenate. Oneaaporat- 
ing a hydrochloric acid solution of calcium 
ammonium arsenate with platinum chloride, 
the mass left on ignition of the platinocblonde is 


Ca,(NH4)Hj(As04)».3H,0. 

On ignition they are converted into calcian 
pvroarsenate, Ca. As.O; (Bloxam, Chem. ^ew». 
1886.54,168). 

Another aalt.Ca(NH4),Hj(AsO,),. is preapi- 

tated by adding excess of ammonia to a lolutioti 
of dicalcium ar«enate in nitric acid, the 6^^ 
lent precipitate soon becoming a mass of needles 
The same salt is obtaioeil in crystals bclonprg 
to the regular system when the solution oj the 
dicalcium salt is only partially precipitatedin 
allowed to stand; hence it appears 
morphous (Baumann, Arch Chem. 18 H, 39,10) 
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Calcium Chloroarsenale. — C. M. Smith (J. 
Washington Acad. Sci. 1935, 25, 435) has 
prepared the' compound (CaCl)2H As04,2H20 
by addition of CaHAs0j,H20 to a solution of 
CaCl2 in -water. 

Calcium Meta-arsenite. — Krestovnikov 
and Lyutringshauzen (Min. Ssyrje, 1930, 5, 870 ; 
Chem. Zentr. 1931, i, 1257) find that the inter- 
action of AS2O3, finely divided Ca(OH)2, and 
H2O is effected at 100° with vigorous stirring. 
The product is amorphous ; solubility in HjO 
at 15°, 0-04-0-05%. 

Calcium Silicide, CaSi2, corresponds with 
the carbide CaC2. Pure disUicide, CaSij, is 
prepared by heating the monosilicide at 1,000°- 
1 ,010° in a eurrent of hydrogen. If excess of Si 
is present this unites with the hydride present 
to form a further quantity of disilicide. The 
silicide dissolves in HCl with formation of 
yellow silicone without production of spon- 
taneously inflammable silicon hydride (Wohler 
and Miiller, Z. anorg. Chem. 1921, 120, 49-70). 

Dodero (Compt. rend. 1934, 198, 1593), by 
electrolysis of a molten CaSiO^ bath , 

(Si02-i- CaC 03 -i- 2 CaF 2 "f*gUaC) 2 ), 

at 25 amperes per sq. cm., obtained cathodic 
mixtures of CaSi2 and Si in proportions depend- 
ing on the temperature. CaSij was practicaDy 
the sole product at the m.p. of the bath, 1,000°. 
Yield about 2-6 g. per hour. 

Calcium Monosilicide, CaSi or Ca2Si2. — 
The compound is formed free from disilicide 
when a mixture of calcium and silicon in atomic 
proportion or with excess of silicon up to 
100% is heated in a magnesia boat in an 
atmosphere of carbon dioxide at a temperature 
of 1,050°. After a quarter of a minute a violent 
reaction takes place and the mass becomes 
incandescent. It must then be cooled rapidly. 
The mass breaks up readily into small lustrous 
metallic leaflets and larger crystals. The density 
of the substance containing a small amount of 
unconverted silicon is 2'346. By dilute acids it 
is attacked readily with the evolution of a 
spontaneously inflammable gas which is probably 
silicon hydride (silicon-ethylene) and ignites 
yielding hydrated silica, 
CaSi:SiCa-h4HCl=2CaCl2-i-H2Si:SiH2 

(Wohler and Muller, l.c.). 

Crucibles made of talc and alumina in the 
ratio 5 : 2 are not attacked by calcium silicides 
(Wohler and Schliephake, Z. anorg. Chem. 
1926, 151, 1). The calcium in small pieces was 
put into the heated crucible and prepared 
silicon powder added. Thermal analysis showed 
the formation of a compound CaSi2 (41'6% 
Ca), m.p. 1,020°. The presence of the mono- 
silicide CaSi, m.p. 1,220° was also confirmed. 
Indications of a third silicide, CajSi, m’.p. 920°, 
were obtained. 

Tamaru (Z. anorg. Chem. 1909, 62, 81) found 
that molten silicon is miscible with molten calcium 
in all proportions. 

Kolb (Z. anorg. Chem. 1909, 64, 342), by heat- 
ing together calcium and silicon, obtained two 
silicides according to the component in excess. 
The products contain 53-5% and 36-68% 
silicon respectively, corresponding approximately 


■with the formul® CagSi^g and Ca^^Siio- Both 
silicides are crystalline, evolve hydrogen -with 
acetic acid, and evolve spontaneously inflam- 
mable silicon hydride -with dilute hydrochloric 
acid. Silicones are obtained with strong hydro- 
chloric acid. Both silicides absorb nitrogen near 
1,000°, the products ha-ving the respective com,- 
positions CaSi2N3 and CauSi^gNu,. 

Technical Preparation of Calcium-Silicon 
Alloys. — R. Weiner (Z. Elektrochem. 1934, 40, 
624) has prepared a Ca-Si alloy (approx. 30%) 
by heating CaC2, SiOg, and C in a 20-kw. 
electric furnace, using mainly resistance heating. 
The alloy, as formed, should be removed from the 
hottest zone, in which it is unstable. A similar 
product is formed from CaO, Si02, and C. 

Calcium Silicates. — Calcium oxide is an 
important base in a large number of natural sili- 
cates, and is the principal basic constituent Oi 
the folio-wing minerals : wollastonite, CaSiOg, or 
tabular spar, occurring in monoclinic crystals ; 
okenite, CaH2(Si03)2,2H20 ; zonalite, 
4CaSi03,H20 ; gyrolite, Ca2H2(BI03)3,H20 ; 
and apophyliite, HjKCatiSiOgle+^-SH^O. 

Gorgeu (Compt. rend. 1884, 99, 256) obtained 
artificial wollastonite by fusing 1 g. of silica with 
15 g. calcium chloride and 3 g. common salt at a 
cherry-red heat in a current of moist air for half 
an hour. 

Doelter (Jahrb. Min. 1886, 1, 119) found that 
in absence of steam, a hexagonal CaSiOg is 
always formed ; hence wollastonite must have 
been formed in presence of steam. Calcium 
silicate is therefore dimorphous. 

W. Jander and E. Hoffmann (Z. anorg. Chem. 
1934, 218, 211), by heating at 1,000-1,200° 
powdered mixtures of CaO and SiOjin different 
proportions, for a longer or shorter time, found 
that 2Ca0,Si02 i® first formed. For high 
proportions of CaO(4CaO to SiOg) and a 
sufficiently high temperature, SCaO.SiOg may 
next be obtained. In other circumstances the 
next product is 3Ca0,2Si02. As heating 
continues, in the presence of sufficient SiOg, 
the final product is Ca0,Si02. 

K. Hild and G. Tromel (Z. anorg. Chem. 1933, 
215, 333) have studied solid reactions between 
calcium oxide and silicic acid at 1,000°, using 
equimol. quantities. The time required for com- 
pletion varies from 5 minutes to 400 hours and is 
determined by the nature of the reactants and 
the intimacy of mixing. For reaction times 
greater than 20 minutes the initial product is 
/J-Ca2Si04, which then reacts with SiOj to 
give ^-CaSiOg (wollastonite). In the most 
rapid reaction (5 minutes) the main product is 
a-CaSiOg. In experiments in which quartz 
was used, the latter was frequently converted 
into cristobalite in presence of CaCOg, but 
never in presence of CaO. 

Hydrates of Monocalcium Silicate. — E. P. 
Flint and L. S. Wells (Bur. Stand. J. Res. 1934. 
12, 751) find that the solubility of SiOj in 
solutions of Ca(OH)j combined -with electro- 
metric measurements for saturated and super- 
saturated solutions indicate the existence of 
Ca(HgSi04)2, CaH2Si04, Ca3(HSi04)2, and 
0328104. The hydrolysis constantsof these com- 
pounds have been determined, and ionisation con- 
stants for the successive stages in the dissociation 
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of H^SiO* are given as 2-2 2 0xl&-**, 

1X10“^*, and 1x10"**, respectivelj. In 
presence of HjO, 3Ca0'2Si02, y<2CaO SiOj, 
^•2CaO-SiOj, and SCaO-SiO^, all pass into 
hydrated forms corresponding with the eqoili* 
bnum relation of the CaO-SiOj-HjO system, 
but Ca O SiO| is unaffected. 

R. Nacken and R. Mosebach (Z. anoig. Chem. 
1935, 223, 161) state that 033810, is gradually 
decomposed by HjO forming successively with 
increasing quantities of H^O, 2Ca0,Si0t,H30, 
3CaO,2SiO,,3HjO; and CaO,SiOj,2HjO. 
No appreciable dissolution of SiO. is indicated. 
Marked vanation in solubility 01 CaO with 
fineness of division was observed. The most 
probable value for the solubihty at 20” is 1*2100 
g. per litre. By grinding m contact with H,0 
a eupersaturation of 23% may be obtained. 

Calcium Chlonsdtcalt. — Goi^eu (Gompt. rend. 
1884, 99, 256) obtained two chlorosilicatcs by 
heating to a high temperature silica and calcium 
chloride in proportion of 1 molecule to 7 
in presence of water vapour. The first, 
2CaO S1O3 CaClj, forms bircfractive rhombic 
plates. The second, CaO-SiOj-CaCI}, forms 
heTsgonal plates, and is produced more rapidly 
than the former, which requires prolonged heat 
ing. Both compounds are decomposed by 
water. 

Calcium Aluminate.— Nagai sad Naito 
(J. Soc. Chem. lod. Japan, 1930, 33, 17-19B) 
prepared calcium aluminate by heating calcium 
carbonate and alumina in the ratio 3CaO : 
AljjOj, and the free and combined oxides in 
the product were determined. At 1,100”-1,250* 
the primary product is CaO^AtjO,, but at 
higher temperatures this is converted into 
3CaO AI3O3, a result similar to those obtained 
with other ratios (5il and 3* 5). A small 
proportion of the compound SCaO'dAl.O, 
was aiso first formed hut eliminated by further 
beatmg. Thecompound fiCaO-AljOjwas also 
converted by heating into SCaO'AIjO, with 
separation of free lime. 

S. Nagai and G. Sawayama (J. Soc. Chem. 
Ind. Japan, 1934, 37, 264B) find that the mixture 
4Ca0.Al2O3:Fe2O3 readily forms 

4CaO*A'i,0,-Te,03, 

theceh/eofPortland cement, at 1,250®. Amixture 

5CaO:A1,Oj5Fe,Oj 
(or 3CaO-AI,Os'2CaO Fe,Os), 
forms 2CaO FcjOg+eCaO- AIj03-2Fe,0, (I) 
at 1,400”-1,420® and 3CaO AljO,+(I) at 
1,250”-1,370°. (I) is probably a mixture of 
2CaO-Fe,Oj and the eutectic (CaO, 47%; 
AljOj, 53%) between 3Ca0-Al20, and 
5CaO 3A1,Oj. 

Rankin and Wright (Amcr. J. Sci. 1915, 39, 1) 
have examined the system CaO-AIjOs-SIO,. 
The melting-points of the three compounds are 
2,570” for hme, 2,050” for alumina and 1,625“ 
for cristobahte, the high temperature modifica- 
tion of sihea. Of the binary systems involved 
alumina and silica form one compound, mill , 
manite, AIjSiO,, whilst lime and alumma 
form four distinct compounds, CagAIjO, 
CagAlgOi^. CaAljOg, and CajAlfoOu. 
The tlurd binary system, lime silica, also gives 


rise to four compounds, CagSIO,, Ca^SiO , 
CajSijO;. and CaSiO,, the first mention^ 
of which, however, does not separate from the 
fusion. In the ternary system three compounds 
exist, but only anorthite, CaAI,SijOj, and 
CajAIjSijOio {! pure gehlenife) are stalk 
at their melting-point, the third, Ca,Al2SiO|, 
being unstable. The above compounds do 
not form solid solutions to any extent, and the 
authors did not detect in the crystallisations the 
eutectic ip) structure commonly seen in allojs 

Neuman (Stahl und Eisen, 1918, 38, 9a3) 
summarises investigation on the bmary and 
ternary systems of hme, alumina and silica, 
and points out that possible compositions of 
slags and Portland cements occupy only very 
small areas in the, triangular diagrams of the 
ternary mixtures, and refers to the composition 
and temperature relations for freely flowing 
slags and general identity with mixtures of pure 
oxides. With reference to Portland cement, he 
accepts Rankin's suggestion (J. Franklin Inst 
1916, 181) that Portland cement is produced 
by the formation of the compounds 2CaO,SiO{ 
and SCaO.AIjOg, which absorb hme and form 
tncalcic silicate and tncalcie aluminate. Tie 
former is regarded as the essential constituent of 
the cement, the latter acting chiefly as a flux or 
solvent which reduces the temperature at which 
the former is produced. 

UydraUs 0/ Dicolctum — R. Sal 

mom (Gazzetta, 1034, 64, 719) has prepared the 
hydrates 2CaO AljOj.nHjO, where na>l, 3, 
6, 10, and 11. Heats of dissolution and X-ray 
structures of the hvdiates with n^l, 3, 6, 7, 
and 9 are given. The higher hydrates will have 
the same lattice structure as the pentahydrate; 
this differs from that of the monohydrate. 

Travere and Schnoutka (Aim. Cbim. 1930, [z], 
13, 255) found that interaction of lime water 
with alumimum nitrate afforded crystalime 
calcium aluminates, the composition of which 
vaned between At,0,*3Ca0,12Ht0 and 
AljOj’4CaO,12HgO according to the con 
centrations employed; the formation takes 
place in three stages, involving the precipitstion 
of alifminium hydroxide, followed by its dissolu 
t«w. in. *h/t «, ti/uuirjQcjitm. aJn/zuffiUe 

and its precipitation as polycalcium aluminate 
A similar crystalline polycalcium aluminate u 
produced from’ potassium aluminate and hme 
water. Potassium aluminate reacts in solution 
with aqueous calcium nitrate containing Inn# 
water at pg 11-57—11 02 to give the pure crystal 

Ime Al20y3Ca0,12H*0; products expressed 

by the formula AljOs-3-4CaO,12HjO are 
obtained from the mother-liquors. 

Thoivaldson and Grace (Canadian J. Bes 
1929, 1, 36) obtained tricalcium aluminate by 
heating alumina with calcium carbonate at 
l,370”;itforms the hydrate 3CaO*AI,Os,6H,0 
when heated at 150” with steam in an auto- 
clave. This compound forms isotropic crystahi 
Up 1*604, which are slightly hygroscopic; a* 
275”-300” the stable hydrate {+1*5H,0) » 
formed, and at 1,000° the last traces of water are 
expelled. At 750”-900” decomposition into ^ 
lime and alummate, SCaO.AIjO,, occnr>. but 
recombination ensues after heating at above 
1,000“ or by heating in steam at 150”. 
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The solubility of the hexahydrate as deter- 
mined by gravimetric methods is 0'0246 and 
0-0268 g. per 100 c.c. at 21° and 40° respec- 
tively, whilst the density as determined by 
displacement in kerosene is 2-522 g. per c.c. 
X-ray data are tabulated and the crystal 
structure is described, the lattice constant being 
12-576A ±0-02, with 8 mols. in the unit cube. By 
exposing the anhydrous aluminate to atmo- 
spheres of different humidities at temperatures 
below 21°, evidence was obtained of the forma- 
tion of a series of higher hydrates crystallising in 
hexagonal plates and containing from 8 to 12 
mols. of water, but the water is very loosely held, 
and adsorption of water by tlie finely crystalline 
hydrates makes the exact formulse uncertain. 
The heats of dissolution in dilute hydrochloric 
acid (1 : 200) at 20° of the hydrates corre- 
sponding with 6, 8, 10, and I2H2O were 519, 
489, 482, and 472 g.-cal. per g. respectively, and 
these differences support the view that a 
series of hydrates exist, as do the changes in 
refractive index -n-ith degree of hydration. 
Dehydration of the hexagonal plates at 21° 
produces no change of shape, however, and the 
X-ray diffraction patterns of the hydrates -with 
8, 10, and I2H2O are almost identical. 

Pure amorphous calcined and finely ground 
tricaloium aluminate forms a true colloidal sol 
in water, an insignificant proportion entering 
into true solution. The crystal form appears to 
be highly polymerised, and in contact with water 
behaves like a colloid (PhiUips, J. Amer. Cerapa. 
Soo. 1919, 2, 708). 

The hydrated derivatives of the ternary 
system give rise in nature to zeolites in which, 
however, the lime is often partly replaced by 
soda, and the molecular ratio varies from the 
stilbito molecule, CaO-AljOg-BSiOj.OHjO) 
with decreasing SiOj (and generally HjO) as in 
raesolitc, Ca0(Na20)-Al203-3Si02,2H20 to 
the anorthito molecule, CaO- AljOj-SsiOj 
(Thomsonite±2-5H20). 

Artificial zeolites in which the composition is 
given ns Ca0(Na20)-Al203,2Si02,6H20 or 
Ca0(Na20)-Al203-a:Si02,7H20 are made 
on a large scale (“ permutite,” etc.) because of 
their property of interchange of the NajOjCaO 
molecules in contact with solutions containing 
the alternate molecule ; 

Na„0-Al203-a:Si02,i/H20±CaCl2 

^Ca 0 -Al 203 -a:Si 02 ,yH 20 ± 2 NaCI 

Hydrated Calcium Sulphatoahminate and 
Calcium Chloroaluminalc. — J. Lefol (Compt. 
rend. 1934, 198, 1858) by thermal analysis 
shows that: (i) Al2O3-3CaO-3CaSO4,30H2O 
rapidly loses HjO on heating, forming a hepta- 
hydrate stable at 145° and decomposed at 
higher temperature; free CaSO^ is not 
jiberated; (ii) Al2O3-3CaO-CaCl2,10H2O (I) 
is stable to 120° and forms a hexahydrate at 
175° which is stable to 280°. At temperature 
>100° (!) decomposes to CaCl2± Al203'3Ca0. 

Aqueous CaCI, reacts fairly rapidly -with 
3Ca0'Al203 at 30°, forming the compound, 
3CaO-Al2O3-CaCl2,10H2O. Tins reaction 
controls the influence of CaClj on the setting of 
Portland cement (R. Naeken and R. Mosebach, 
Z. anorg. Chem. 1936, 228, 19). 
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System Iron-Iron Oxide-Calcium Ortho- 
ferrite. — E. hlartin and R. Vogel (Arch. 
Eisenhiittenw. 1934-1935, 8, 249) show that 
thermal and micrographic observations have 
disclosed two compounds, CaO-9FeO (I), m.p. 
1,310°, and 4Ca0-3Fe304, m.p. 1,200°. The 
system may be divided into five 3-phase fields and 
one 2-phase field, the other solid phases present 
being Fe, FCjO^, wiistite, CaFe204, and 
CajFejOj. Eutectics are formed at FegOj 
62-8, CaO 26-9, Fe 10-3%, 1,110° [(I)± 
CasFejOj]; 65-3, CaO 25-8, Fe 

8-9%, 1,120°; and FezOg 72-0/-.CaO 24-5, 
Fe 3-5%, 1,240° (Fe304±Ca2.Fe205). Free 
Fe occurs in the melts when the Fe content 
is greater than that corresponding with the 
sections (Il-CagFCjOg and (I)-wustite. 

S. Nagai and T. Yoshiura (J. Soc. Chem. Ind. 
Japan, 1935, 38, 374B) find that CaO-FCjOg 
and 2Ca0-Fe203 are formed by heating 
a mixture 2Ca0±Fe203 at 1,000°-1,100° and 

I, 200° respectively. Ad±tion of 1% of CaFj 
lowers the temperature of formation by 50°-100° 
(e.g. reaction is completed after one hour at 
1 , 100 °). 

Calcium Boride, CaBj, was obtained by 
Moissan (Compt. rend. 1897, 125, 629 ; 1902, 
134, 137) by heating quicklime with boron in 
an electric furnace, and by reducing calcium 
borate with aluminium in the presence of 
carbon, then washing with hydrochloric and 
hydrofluoric acids and ether. It is a black 
crystalline body ; sp.gr. 2-33. Nitric acid 
attacks it vigorously. 

It is also formed (Ber. 1912, 46, 1885) when 
calcium metaborate (30 g.) is reduced by means 
of calcium (50 g.), the theoretical quantity of 
calcium boride being produced. The reaction 
product is extracted with dilute acetic acid, 
and then dilute HCI and hot' water. So 
obtained it is a light brown micro-ci-ystalline 
powder 2-11. 

Calcium Borate occurs in nature in several 
combinations. The best known is colemanite, 
HCajBOjlg.ZHjO, which crystallises in 
beautiful monoclinic prisms. 

Calcium Silicoboratc, CaO-ZSiOa’CaBgO^, 
occurs with one molecule of water as datolite, 
and with two molecules of water as botryolite. 

Calcium Titanate, CaTiOg, occurs in 
nature as perovskite. 

Calcium Silicolitanate, CaSiTiOg, is a 
common constituent of many igneous and meta- 
morphio rocks, and is knoivn as titanite, or 
sphene. Synthetic titanite forms blue crystals 
(m.p. 1,221°), which usually enclose small 
crystals of perovskite (Z. anorg Chem. 1911, 
73, 293). 

Calcium Monosulphide, CaS. Perfectly 
dry lime remains unaltered on passing over it a 
current of dry sulphuretted hydrogen ; but on 
hydrating the lime and again passing the gas, 
calcium sulphide is formed : 

Ca(0H)2±H2S=CaS±2H20 

The most favourable temperature is 60° (Veley, 

J. C.S. 1885, 47, 478). It may also be prepared 
by heating the sulphate -with coal or charcoal, or 
by the action of carbonic oxide at a red heat : 

CaS04±4C0=CaS±4C02 
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It may be prepared in the cryatalhne state hy 
direct reduction of the snlphate with carbon m 
the electric fnmace ; Muller (Cent, Mm. 1900, 
178) tiaa obtained it m small cubes. 

Rodriguez Mourelo (Compt. rend. 1915, 161, 
172) prepared calcium sulphide by heating 100 g. 
CaCO,, 0-1 g- NaCI, 0 03 g. Na^COj, fiowers 
of sulphur and the necessary active amonnU of 
Mn compounds, amounts varying from 0-1 to 
0 0001% of Mn to CaCO, taken. The tem- 
perature of heating was 300“— 1,000®, and the 
time 4 hours All the specimens thus prepared 
showed marked phototropy but no phosphores- 
cence. Under the influence of light the colours 
assumed were shades of red or violet, and m 
one case a shade of yellow, the maximum 
intensity being quickly attained. 

Anhydrous calcium sulphide is a white 
powder which emits an odour of H]S in the 
air. It turns jeUow on moistening, due to the 
formation of oxidised products It is only 
sparuigly soluble in water, and is decomposed 
by boding water, with formation of hydroxide 
and sulphydrate of calcium : 

2CaS-i-2H,0=Ca(HS),-fCa(H0), 

A suspension in water u readily decomposed 
by carbon dioxide, with formation of calcium 
carbonate and sulphnretled hydrogen : 

CaS-hH,0+CO,«CaCO,+ H,S 

After being heated, calcium eulphide shines in 
the dark, and was long known as Canton’4 
phosphorus 

According to Vemcuil (Compt rend. 1S86, 
103, COO), calcium sulphide with a violet 
phosphorescence may be prepared as follows: 
20 g. of finely powdered Line, obtained by 
heating the shells of Ht/popus vulgans, is 
intimately mixed with C g of sulphur and 2 g. 
of starch, and 8 c e. of a solution contauungO 5g. 
basic bismntb nitrate and 100 cc. of a&olute 
alcohol acidiSed with a few drops of hydrochlonc 
acid. The mixture is exposed to the air until 
most of the alcohol has evaporated, and is then 
heated to cherry redness for 20 minutes. WTien 
completely cooled, the upper layer of calaum 
sulphate is removed, and the calcined mass 
powdered and agam heated for 15 mmutes. 
The violet phosphorescence of the product is 
due to the trace of bismuth. 0-1% of sulphides 
of antimony, cadmium, mercury, tin, copper, 
lead, uranium, platmum or zinc imparts a 
bluish, or yellowish-green tmt to the phos- 
phorescence Slanganese produces an orange 
shade. A mixture of 100 parts hme. 30 parts 
sulphur, 10 parts starch, and 0 035 part lead 
acetate yields a solphide with a beautiful 
5 ellowi«h green phosphorescence. 

Pure calcium carbonate mixed with 2% 
sodium carbonate, and 0 02% common aalt, 
heated with 30% sulphur and 0 02% bismuth 
mtrate, yields a similar product to that obtamed 
by use of hypopus shells Pure calcium sulphide 
does not phosphoresce (J. H. Frydlender, Rev. 
Prod. chim. 1930, 33, 723, 757 ; 1931, 34. 5). 
The phenomenon is due to small quantities of. 
impurities ; thus in the last mixture it has been ' 
shouTi b\ Verneuil to be due to simultaneous! 


presence of traces of bismuth oxide, sodium 
carbonate and chloride and calcium sulphate 
These phosphorescing varieties of calciam 
sulphide are utilised in the manufacture of 
luminous paints. Abney (Phil. Mag. ( 5 j_ 
13, 212) found that the emission spectrum 
showed greatest luminosity between G and F 
and a feebler one extending from between E and 
F as far as the red. The rajs of the electnc 
bght somewhat beyond H on one side and G co 
the other are most actiie m eicitmg phos- 
phorescence. 

Calcium Disulphide, CaS{, is deposited in 
yellow crystals of the composition CaSj.SHjO 
from the solution obtained by boiling aulphui 
with milk of lime and filtering while hot. 

Calcium Pentasulphide, CaS;, is formed 
when the monosulphide or hydrate of calcium u 
boiled for a long time with excess of sulphur 
Concentrated solutions of calcium hjdroaalphide, 
Ca( H S)j, also react energetically upon powdered 
roll sulphur ; on preventmg access of air ij 
performing the operation in a current of 
hydrogen, an orange-red eolation is produced 
with a fall of temperature, and on warming 
the calcium is completely converted mto CaS] 
The reaction is reversible, a current of sni 
phnrettfd hydrogen causing deposition of 
eulpbur and reformation of hydrosulphide 
(Divers and Shunidzu, J.C S 1884, 45, 270). 

Auld obtained evidence mdicatmg the possible 
existence of polysulpbides as high as CaS;, and 
suggests the constitution 
S 

Ca^ ys-SS .... 

S 

the atoms of sulphur in the cham becoming 
progressively more loosely attached (Aold, 
J.C£. 1915, 107, 480). (For the eheaual 
composition of lime-sulphur animal dipe, ttt 
Chapin, U.S.A. Dept. Agnc. Bull. 451, 1916 ) 
Calcium Oxysulphides, 

CaSs,6CaO,20H,O. 

This osysulphide is obtained in gold-coloured 
needles when a solution of crude calnuni 
monosulphide is evaporated (Rose, AnnslMp 
1312.44,241). 

According to Hofimaim (Compt. rend. 1866, 
62, 291) n mixture of two molecules of calci^ 
mooosnlphide and one molecule lime at a red 
heat forms the oxysulphide 2CaS CaO. Thn 
oxysulphide is also contamed m recently 
lixiviated soda residues. 

Geuthcr (Annalen, 1884, 224, 178) obUmed 
crysUU of CaSj-2CaO,10HjO by bo^ 
sulphur in milk of lime. They diaolve in byd™ 
chlonc acid, forming hydrogen persulphide, 
HjS,. and a little HjS. On boiling calcinra 
monosulphide and sulphur with water, ciyswW 
ofCaSj-SCaO.lSH.Owereobtained. Diren 
obtamed a compound of the formula 
11CaS-5CaO 

by igmting lime m a mixture of carbon dionde 
and carbon disulphide. . -i , 

Auld (J.CS. 1915, 107, 4S0). bv boito? 
together hme and sulphur m proportioM c 
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culatcd to give the disulphide, obtained in each 
case Herschell’s crystals, for which he proposes 
the formula Ca0,CaS2,7H20. A lime- 
sulphur wash, used as a fungicide, is prepared by 
boiling together 1 part of quicklime, 2 or 
more parts of sulphur, and 10 parts of water. 
The concentrated commercial product contains 
calcium polysulphides and thiosulphate, 
generally with minor proportions of sulphite 
and sulphate. 

Winter (Ind. Eng. Chem. 1918, 10, 539) 
found that lime-sulphur solution prepared from 
ordinary common Hme and sulphur which has 
been standing for several days does not contain 
any appreciable amounts of hydrogen sulphide, 
calcium hydrosulphide, or calcium hj’droxy- 
hydrosulphide ; free calcium hydroxide is not 
present, as any excess of Ca(OH)2 originally 
present or added disappears gradually. The 
orange-red crystals which separate from lime- 
sulphur solution have the composition 
2Ca0,CaS3,11H20. 

Calcium Sulphydrate, Ca(HS)2, is formed 
together with the hj’droxide when the mono- 
sulphide is boiled with water. The best mode 
of preparing it is to pass sulphuretted hydrogen 
through the hydroxide or sulphide suspended in 
water, with constant agitation, until it ceases to 
be absorbed. It is difficult to obtain in the solid 
stage, being decomposed, when the stage of 
crj'stallisation is reached, into HjS and CaS 
which separates in silky prisms. 

Divers (J.C.S. 1884, 45, 270) obtained it in 
the solid form by forcing sulphuretted hydrogen 
through semi-solid calcium hydroxide and water 
so as to obtain a saturated solution of the 
sulphydrate. Air was excluded, and, on 
settling, decanting in a stream of H2S, and 
cooling by ice, crystals formed in abundance. 
They were colourless jjrisms, melting on slight 
rise of temperature with partial decomposition. 
They readily dissolved in one-fourth of their 
weight of water, and could not be removed 
from the atmosphere of sulphuretted hydrogen 
without decomposition. They possessed the 
formula Ca(SH)2,6H20. 

Calcium sulphydrate may be used as a 
depilatory, and for this purpose it is prepared 
in the form of a paste by passing sulphuretted 
hydrogen into thin milk of lime until the mass 
acquires a bluish-grey colour. It has been 
employed in the tan-yard. 

Calcium Hydroxy-Sulphydrate, Ca'{SH)(OH), 
is formed, according to Divers, by the action of 
water upon the crvstals of the last-described 
salt: Ca(SH2)-!-H20 = Ca(SH)(OH)-l-H2S. 
.\lso by union of water with calcium sulphide, as 
in interior of heaps of soda waste ; and by- 
reaction between Ca(OH)2-f HjS in the coal- 
gas purifier. Exposed to air, crystals of 
CafHSlj are rapidly converted to 
Ca(SH)(OH), and concentrated solutions of 
the sulphy-drate exposed to air become rapidly- 
covered with crystals, and an abundant crop 
of crystals of Ca(SH)(OH) is obtained on 
passing in a current of air. The crystals are 
colourless four-sided prisms of silky lustre, easily 
obtained dry, of the composition 

Ca(SH)(0H),3H20. 


They slowly evolve H2S in air,- and become 
yellow by adsorption of oxygen. They are 
readily soluble in water, but the solution 
rapidly decomposes into hydroxide and 
sulphydrate. They are insoluble in alcohol. 

According to Eolkard (Chem. News, 1884, 49, 
258), by exposing calcium hydroxide to the 
action of sulphuretted hydrogen until it ceases 
to gain weight a grev powder of the composition 
4Ca(OH)2-3H2S Is obtained; this evolves 
sulphuretted hydrogen by the action of coal 
gas, and at 100° water is eliminated, leaving 
Ca(OH)2-Ca(SH)(OH). This greyish-green 
powder, when gently heated in coal gas, leaves a 
yellowish-white salt, 

2Ca(OH)2-Ca(SH)(OH)-CaS, 
which, at a red heat, forms 

2CaO-Ca(SH)(OH)-CaS, 
and tliis, when ignited in air, burns like tinder to 
CaS 04 . 

The lime-sulphur solutions employed as 
insecticides and plant-sprays in agriculture, 
prepared by boiling together water, lime, and 
sulphur, consist mainly of calcium polysulphides, 
calcium hydroxysulphydrate, calcium thio- 
sulphate with sulphur held in solution. For 
their analyses, see Bodnar (Chem, Zeit. 1915, 
39, 715; Analyst, 1915, 40, 513); Ramsay (J. 
Agric. Sci. 1915, 6, 476). The following is an 
analysis of a typical lime-sulphur spray, sp.gr. 
1-3735, the results 'being e.xpressed in g. per 
100 c.c. (Ramsay, l.c .) : 



Sulphur. 

1 Calcium 
as CaO. 

1 

Hydroxy-sulphydrate . 

0-944 

1-653 

Disulphide .... 

14-716 

12-877 

Free sulphur - . 

23-11 

— 

Thiosulphate ... 

0-99 

0-86 

Sulphate .... 

1 

0-07 

0-11 

j 

39-83 

15-50 


Calcium Sulphocarbonale, CaCSj. — Lime 
over which coal gas containing sulphuretted 
hydrogen has been passed readily adsorbs 
carbon disulphide. Adsorption is most complete 
when the lime is moistened with water ; the 
“ fouled ” lime is then mixed with an equal 
weight of slaked lime. The adsorption of 
carbon disulphide stops when one-third of the 
sulphide is converted to sulphocarbonate, 
CaS-f 082= CaCSj. On exposing the product 
for a short time to the air, it is again rendered 
capable of removing carbon disulphide. 

On passing hydrogen saturated with vapour of 
carbon disulphide into a mixture of calcium 
monosulphide and a little water, the liquid 
becomes red, and in vacuo deposits red prismatic 
very deliquescent needles of the composition, 
Ca(OH)2-CaCS3,7H20. When the hj-droxy- 
sulphydrate is employed instead of monosul- 
phide, yellow crystals of 

2Ca(OH)2-CaCS3,10H2O 

arc obtained. ' 
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From there facts ^’eley (J.C.S. 1SS3» 47, 478) 
concludes that the carbon disulphide is adeorbed 
by Ca(SH)(OH), and not by CaS, and that 
the reactions are as follows : 

(1) CaS 4 -HjO=Ca(SH)(OH) 

{2) Ca(SH)j+H,0=Ca(SH)(OH)+H,S 
(3) 2Ca(SH){OH)+CS, 

= Ca(OH), CaCSj+H,S 

The basic sulphocarbonate is unstable, being 
decomposed slowly by sulphuretted hydrogen 
and readily by carbon diOTide. 

When milk of Lme is agitated with carbon 
di«ulphide, bnght orange needles of a basic 
sulphocarbonate, Ca(OH)} CaCS},6HjO, art 
deposited. 

Calcium Selenides. The monoselenidc is 
formed as a flesh-coloured precipitate by pre 
cipitating calcium chlonde mth potas‘>iuni 
monoselenide. Lime water saturated with 
seleniurctted hydrogen deposits crystals of 
calcium selcnide on spontaneous evaporation 
When lime and selenium are heated just below 
redness, a pohselemde mived with ralcmm 
selenide is formed 

Calcium Sulphite, CaSOj, is formed when 
a solution ot an alkaline sulphite is added to the 
solution of a calcium salt it is a white powder 
soluble m 800 parts of water. It di$*olTe8 in 
sulphurous ana, and the solution yields six 
sided needles of the eoroposition CaS 03 , 2 Hj 0 

The solution m sulphurous acid known com 
mercially as bisulphite of lime, and manufactured 
by passing sulphur dioxide into milk of bme, is 
largely used in the manufacture of sulphite 
cellulose. 

According to Bimbaum and Wittich (Ber 
18S0, 13, 6S1), calcium oxide does not adsorb 
sulphur dioxide gas below 400^ but at this 
temperature combination takes place rapidly 
with formation of a basic sulphite, Ca,S}0,« or 
6CaO SSO] At 500^ the gas is rapidly ad- 
sorbed. but the sulphite splits up into eulphato 
and sulphide 

Briner and Jfonnicr (Helv Chim Acta, 1930, 
13, 80-83] find that no action even after months 
of contact can be obsert cd between sulpb< 
diOTido in the gaseous or liquid states and dry 
calcium carbonate at the orUinary temperature. 
A relatively rapid reaction represented by 
2CaCO,+3SO, 

-2CaSO,+ S-)-2COj-f 74 kg -cal. 
occurs at 93*. If water is present aiilpbitc is 
formed by simple replacement. 

Calcium Sulphate, CaSO^, occurs in solu- 
tion in sca-watcr or risers and is found abun- 
dantly in deposits as gypsum, CaSOj,2HjO. 
of which the well cryataili«cd form is termed 
eclcjiilf, a fibrous variety mfin-apar, and a 
marblc-Iike form alabatler (y t ). 

Hydrated calcium sulphate is precipitated on 
adding dilute sulphuric acid or a soluble 
sulphate to an aqueous solution of calcium 
chloride. The sp gr. of pvpsum is 2 31, When 
it is hosted to i00“-200* it gi>cs up three- 
fourtlis of Its wafer rather quickly, but it requires 
ft temperature of 20<J'’-2.'i0* to expel the 
maindcr. I>ned at 100’, the hemihydratc 
2CaS0,.H,0 


of sp gr. 2-7 is left. The anhydrous salt fiij« 
at a red heat without decomposition, and on 
coobng assumes the structure of anhydntc 
{q.t ). When the hemihydrate is puli ensed ind 
mixed with water, it adsorbs 3 moleculrs of 
water, and solidifies to a very hard mass with 
evolution of heat, expanding so as to £11 anr 
mould in which it is cast, due probably to th'p 
outward thrust of the latb-shaped ciystals of 
the hydrated salt during grow th j hence the nso 
of gy psum or plaster of Pans m preparing casts 
{ste Blildixo Materials, Calcium Sulphate 
Plasters and Cements). 

Grengg (Z. anorg. Chem. 1916, 90, 327) 
prepared the hemihydrate CaSOj.JHjO by 
digesting gypsum with warm H NO,. It forms 
hexagonal prisms. Large crystals are obtained 
by heating gypsum with concentrated NaCI 
solution at 80“— 100®. The hexagonal form isonly 
apparent , the crystals are rhombic, repeatedly 
twinned 

Hydrated calcium sulphate, gypsum, is soluble 
m water, the solubility attaining a maximum it 
35®, 1 part dissolving in 393 parts water (Pog- 
giale) . at 0° in 488 parts, and at 100° in 460 
parts The solubility is increased by th# 
presence of Iiydrochlonc or mtnc acids, or 
chlorides of ammonium or sodium, hence its 
presence m salt springs ; probably m mos* 
cases partial double decomposition has oe 
curred. 

According to Lunge (J.S C I I6S3, 4, 31), thi 
solubility of calcium sulphate in solutions o 
sodium chloride increases with the percentage o 
salt, but diminishes with increose of tempers 
ture The quantity of calcium sulphate diuolrn 
by 100 c c of the salt solution is shown in thi 
following table : 


; Temp. *C. 

1 

21 5 

180 

101 0 

1025 

|NaCI% . 

1 3 53 

Il4’18 

3 53 

1418 

1 g* 

0 5115 

0-7340 

0 4S01 

OC24S 


Calcium chloride diminishes the solubility o 
I CaSO, the more it is concentrated, but at fb 
IjiQiJujPjnQjnt .the jooncentration is iramstcnal 
Hydrochloric acid increases the solubility boti 
with increase of concentration and of tempers 
ture. 

Gypsum is readily’ soluble m excess of lodniw 
thiosulphate, forming calcium thiosulphit#, 
which combines with the excess of the sodium 
salt to form a soluble double thiosulphate. On 
addition of alcohol, this double salt separates « 
heavy thick Lquid, which sohdifies, forming 
needle shaped crystals. , 

Tho reaction between gypsum and carbon 
sets in below 300®, but very slowly, and w 
rapid from about 700* and upwards! undei 
suitable conditions pure CaS is obtained: 

CaSO,.b3C=CaS-fCO,-i-2CO 
Similarly, with strontium and barium tbe eul 
phides aro formed, the differences 
being accounted for by a consideration ot 
heats of reaction. The reaction 

CaS-l-H,0-fCO,2;CaCO,-hH,S 



CALCIUM. 


233 


cannot be used for the profitable conversion of 
calcium sulphide. 

Calcium and barium sulphate can be con- 
veniently and quantitatively reduced by CO 
at a temperature of 900°-950° (Hofman and 
Mostovitsch, Amer. Inst. Min; Eng. 1910, 917, 
939). The sulphate is first rendered anhydrous 
by heating until weight is constant ; the reduc- 
tion commences at 680'’-700'’, becomes vigorous 
at 750°-850°, and is practically finished at 900°. 
The heating is continued until there is no 
further loss. With carbon in an atmosphere of 
nitrogen decomposition begins at 700°, it is 
vigorous at 800°-900°, and complete at 1,000°. 
By oxidation of CaS in dry air, the action 
begins at 800°, yielding 73% CaSO^ and 27% 
CaO. 

A large scale process in Germany, for 
utilising the dumps of calcium sulphate 
resulting from the neutralisation of excess 
sulphuric acid in sulphonation processes, consists 
in mixing the press-cake with coal and a slagging 
material, presumably of the composition 
required to give a cement mixture ; this is fed 
into a rotary kiln 50 m. long and 3 m. in diameter 
which is fired by coal-dust. The fumes con- 
taining sulphur dioxide are cleaned from dust 
by electrostatic means and arc passed into the 
sulphur trioxide converters. The cement pro- 
duced from the clinker is of satisfactory quality 
(Allmand and Williams, J.S.C.I. 1919, 38, 
287R). 

Preparations of gypsum could not be com- 
pletely dehydrated at 115°. The water of 
crystallisation was never reduced to less than 
4%. The common dihydrate lost its crystal 
water at 102° more slowly and less completely 
than other forms (Neugebaur, Kolloid-Z. 1922, 
31, 40). 

Burnt gypsum may be regarded as consisting 
of two components, one soluble, which dissolves 
quickly, and the other relatively insoluble. The 
solution of samples which have been burnt at 
500°-800° is rapid at first, this being explained 
by the presence of appreciable proportions of 
soluble modification of dead burnt gypsum. 

Samples of CaSO^ were heated to constant 
weight at temperatures of 800°-l,375°, and the 
proportion of CaO in the products determined: 
at 1,000°, 0-21 CaO ; at 1,300°, 3-0 CaO ; and 
at 1,375°, 98'67 CaO. Above 1,300° the salt 
melts and vigorous evolution of fumes take 
place (Budinov and Sjukin, Chem.-Ztg. 1923, 
47, 32). 

CaS04, when melted in the electric furnace, 
gives a f.p. 1,450°, and transformation point 
1,193° (Grahmnnn, Z. anorg. Chem. 1913, 81, 
267). 

Sulphur dioxide is prepared on a large 
scale by sintering gypsum with sand in a 
rotating furnace, the residue being used as 
cement (GaUo, 1928, B. 12). For the manu- 
facture of ammonium sulphate from gypsum, 
see Vol. I, 350. 

.Icid Calchim Sulphate, CaSOj-HjSO^, is 
formed by heating the neutral sulphate ivith 
strong sulphuric acid to 80°-100°. A portion of 
the porous mass produced dissolves and 
separates on cooling in microscopic prisms of 
the composition above indicated. It is decom- 


posed by water, even the moisture of the air, 
into gypsum and sulphuric acid. 

Calcium-Sodium Sulphate, CaNa2(S04)2, 
occurs native in rhombic prisms as the mineral 
glauberiie. It may be obtained in the same 
form by fusing together calcium and sodium 
sulphates. On heating 50 parts sodium sul- 
phate (Glauber’s salt) with an emulsion of 1 
part gypsum in 25 parts water to 80°, crystalline 
needles of CaS04-2Na2S04,2H20, are de- 
posited. On further heating, these crystals are 
transformed into microscopic monoolinic 
crystals of glauberite. 

In the Welsh process of manufacturing sodium 
acetate, during evaporation of the liquor formed 
by double decomposition of calcium acetate by 
sodium sulphate, micaceous spangles of glauber- 
ite have been observed to separate out (Folkard, 
Chem. News, 1881, 43, 6). This explains why 
calcium sulphate so tenaciously retains sodium 
sulphate. 

Calcium Potassium Sulphate, 

CaS04K2S04,H20, 

occurs native in monoclinic crystals as syn- 
genite. It is formed by mixing solutions of the 
two salts. When a mixture of equal weights of 
anhydrous calcium sulphate and potassium 
sulphate is stirred up with less than its weight of 
water, the mass suddenly soh'difies. If 4-5 
parts of water are used, the solidification is not 
quite so rapid, but gives casts superior to those 
of plaster of Paris, inasmuch as they possess a 
polished surface. 

A salt of the composition 

CaS 04 -K(NH 4 )S 04 ,Aq., 

is obtained by adding an excess of potassium 
sulphate to a warm concentrated solution of 
ammonium sulphate which has been saturated 
with calcium sulphate. The same salt is formed 
when the double sulphate of calcium and 
potassium is treated with a warm solution of 
ammonium sulphate (Fassbender, Ber. 1878, 
11, 1968). 

Calcium Persulphate. The salt may be 
extracted by means of absolute ethyl alcohol 
from the dried mixture resulting from the action 
of ammonium persulphate on calcium hydoxide 
(Erdenbrecher, Chem.-Ztg. 1924, 48, 189). 

Calcium Thiosulphate, CaS203,6H20, 
is prepared by heating a suspension of calcium 
sulphite and sulphur in water. Divers (J.C.S. 
1884, 45, 270) obtained it by oxidation of calcium 
sulphj'drate in a current of air, calcium hydroxy- 
sulphydrate being first formed : 

Ca(SH){OH)-f202-l-H2S=CaS203-f2H20 

It forms triclinic prisms soluble in their own 
weight of cold water. On heating the solution 
to 60°, it is decomposed with deposition of 
sulphur. It is used for the preparation of 
antimony cinnabar, Sb20S2, a pigment for oil 
paints. 

P. Petrovici (J. Pharm. Chim. 1934, [viii], 19, 
392) shows that CaS203,6H20 is stable at 
18° when the H^O v.p. is 9-12 mm. It loses 
SHjO when kept over 50% H2SO4 or heated 
at 30°; above 80° decomposition to CaSOj, S, 
and HoO commences. 
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Calcium Chromate, CaCrOj,4HjO, is pre- 
pared dissolving calcium carbonate in 

(iqueoss chromic acid, or as a light yellow 
precipitate on mixing concentrated solutions of 
calcium chloride and potassium chromate. 
Bourgeois (Jahresber. Min. 1880, 1 Ref 351) 
prepares the anhydrous salt by heating to hnght 
redness 2 molecules of the chlonde uith 1 
molecule of potassium chromate and 1 of 
sodium carbonate It forms slender yellow 
needles, moderately soluble in water. The 
by drated salt gives up its water at 200°, and the 
anhydrous salt is used as a pigment. 

The acid chromate CaCr^O^, 3 KjOisobtained 
in red deliquescent crystals by evaporating a 
solution of the neutral salt in aqueous chromic 
acid 

Calcium Potassium Chromate, 

(CaK,)(Cr04)jAq. 
forms jellov, silky needles, obtained by saturat- 
ing acid potassium chromate with calcium 
hydroxide 

For Detection and Estimation of Calcium, see 
Chemicai. Analysis O. S ** 

CALCIUM-SANDOZ is calcium gluconate 
(9 3% Ca) Csed in calcium therapy (Sandoz, 
London ; Brooks and AVarburton, London), 
BP.C. 1934 

CALCO-URANITE i AoTCMTE. 

CALEDON COLOURS v. ANTBtta- 
QCINONB DyESTUPK 

CALENDULA OFFICINALIS, Marigold 
(Fam. Compositic], contains a saponin the 
aglucone of which is oleanolic acid (Winterstem 
and Stem, Z physiol Chem 1031.199,64). 

CALGON. Sodium hexametaphospbate, 
NajtNa^PgO,,) Scouring and water soften- 
ing agent, removing calcium m the form of the 
soluble salt Na2(Ca2P«0|g) which docs not 
yield calcium ions 

CALIATUR WOOD. This wood is very 
similar to, though somewhat darker in colour 
than, sanderswood It was imported from the 
East Indies and is stated to hare been chiefiy 
employed on the Continent. According to 
Franemmont and Sicherer it contains santalin 
but in larger amount than sanderswood (Ber. 
1879, 12, 14) (t. Babwood). 

CALICHE. The term by which the impure 
native sodium nitrate or Chile saltpetre is known 
throughout Soutli America. Also applied to a 
limestone hardpan found in Arizona and else- 
where. 

CALIFORNITE. A variety of Vesu- 
vianitc 

CALISAYA or YELLOW BARK. A 
variety of cinchona bark. 

CALLISTEPHIN. One of the antho- 
cyanin pigments of purple-red asters (Cal/i- 
stephus chtnensis Nees, syn. Aster chtnensta 
Linn), which was isolated as a hydrocblonde, 
by Willstatter and Bur- 
dick (Annalen, 1916, 412, 149), after separation 
from astenn chloride by fractional precipitation 
Irom alcohol by ether and recrystallisation from 
aqueous hydrochloric acid. The fine orange red 
needles are easily soluble in water, alcohol or 
dilute HCI or H2SO4. and give a dull violet red 


colour with sodium acetate and violet red null 
sodium carbonate and sodium hydroxide. Since 
there are not adjacent hydroxyls at 3' and 4' 
feme chloride gives no colour reaction The 
high distribution number (partition value 
between amyl alcohol and aqueous HCI) which 
IS increased by dilution, is normal for a mono- 
glncoside Hydrolysis yields pelargonidm (1 
mol.) and glucose (1 rool ). 

The position of this glucose molecule at 3 was 
confirmed when Robertson and Robinson (J C S 
1928, 1460) obtained the chloride of tie first 
synthetic natural anthocyanm, pelargonidm 
3 ^ monoglucoside, which was identical with 
callistephin chlonde. 



HO CH 


The synthesis depends upon the condensation 
of the O tetra-acetyl d glucoside (II) of the car 
binoLAcO C.H, CO-CHj-OH.withO benzoyl 
pbloroglucinafdehyde (I) m a mixture of ether 
and chloroform, and subsequent hydrolysis with 
cold 8% aqueous sodium hydroxide, and 
acidification ’ 


HO,^ 


''OH 


CO— < Vac 

I ^ ^ 

CHj-0 C2H,0(0 Ac)4 
II. 


In the Chinese Aster, Witt (Dissertation, 
Groningen, 1936) has shown that pigmentation 
by callutephm is recessiv e both to tKat by the 
corresponmng pelargonidm 3 5-diglucoside and 
also to that by the more oxidised cyanidin and 
delphirudin types («ee Chbysamhemin) Thu 
follows the genera! rules of dominance put for 
ward by Scott-Moneneff (J. Genetics, 1936, 32, 
117), whereby the pelargonidm 3 mono'ide 
pigmentation in pale salmon and coral pmk 
flowers of different species is apparently always 
the bottom recessiv e anthocy’anm ty pe. R. S -M 
CALLITROPIC ACID. A crystalbnc 
acid, CjjHjijO,, m p 263°, was extracted from 
sandarac resin by RoUett (Monatsh. 1928, 60, 1) 
CALLUTANNIC ACID was obtained by 
Rochleder by alcoholic extraction of heather 
{Calliaia vulgaris. Erica lulgans) followed by 
preparation of the lead salt and its decomposition 
by HjS ; he gave it the formula 
Ci.HijOg+HjO (I) 

(Sitxungsber Alvad. Wiss Wien, 1852, 9, 286: 
1866, 53, 369 j Annalen, 1832, 84, 354). Thais 
analysis did not agree with this formula (Ber. 
1883, 18, 1502) Rochleder describes the sub- 
stance as dyeing w ool mordanted with alum deep 
yellow. A. G. Perkin and F. I«ewbury (Proc. 
Chem. Soe. 1899, 15, 179) state that heather 
contains the colouring matter quercetin and tn* 
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a catechol tannin is present in small quantity. 
It is doubtful whether (I) has been prepared in a 
pure state. 

CALMATAMBIN, CigHjg0i3,2H20,m.p. 
144°, [a]p —130°, found in the bark of Canthium 
glahrifloTum Hiem. from Sierra Leone, crystal- 
lises in colourless prismatic needles. It is 
hydrolysed by mineral acids and by emulsin to 
glucose and calmatambetin, 

MeOCi2Hio02(OH)5. 

It is physiologically inactive (Pyman, J.C.S. 1907, 
91, 1228), and has not been further investigated. 

E. F. A. 

CALMONAL. Double salt of urethane and 
calcium bromide, m.p. 107°, 

(C2H3-C02NH2)4-CaBr2,2HoO. 
has hypnotic properties (Gehe & Co.). 

CALOMEL. Mercurous chloride. 

CALOMELOL. A colloidal preparation of 
calomel containing 20% of albuminoids (“ U.S. 
Dispensatory,” 20th ed., p. 1300). 

CALONCOBA GLAUCA, CALON- 
COBA ECHINATA, ONCOBA WEL- 
WITSCHII. (1929, B., 870.) Antileprosy oils 
in Brazil and the Cameroons (Peirier, J. Pharm. 
Chim. 1929, 10, [viii], 124 ; Perrott and Fran9ois, 
Bull. Sci. Pharmacol. 1929, 36, 551). 

CALOPHYLLUM INOPHYLLUM 
Linn. A tree (Fam. Guttiferce), Alexandrian 
laurel, dilo of Fiji, and sultana champa of 
Bengal, the nuts of which yield 58% of a green, 
semi-solid oil clearing at 50°, containing the 
following acids : palmitic (14'1%), stearic 
(ll-0%), eruoic (3-0%), oleic (48-0%), linoleic 
(14-3%), resin acids (9-7%), together with 
unsaponifiable matter (0-25%) containing sito- 
sterol (Glasgow, J.S.C.I. 1932, 51, 172). 

CALOTYPE. A photographic process 
patented by Fox Talbot in 1841, in which 
sensitised paper containing silver iodide was 
exposed in a camera. 

CALUMBA ALKALOIDS. Calumbaroot, 
Calombffi radix, is indigenous to East Africa. 
Syn. are the following terms : Jateorhiza 
Calumba, Coccidus palmalua, Menispermum 
palmalum, Chasmanihera palmata. The plant, 
which belongs to the Fam. Menispermacere, is 
also grown in Madagascar, Ceylon, and in the 
East Indies. Extracts of Calumba root are 
ofScial in the British Pharmacopoeia, B.P.C., 
1934. Calumba root is no longer official in the 
United States Pharmacopoeia, 1936. 

Jalcorhiza Calumba contains three quaternary 
alkaloids — palmatine (I), jatrorrhizine (U), 
columbamine (III) — and two glucosides — colum- 
bin and chasmantherin. For early literature, 
sec Gadaraer (Arch, Pharm. 1902, 240, 450 ; ibid. 
1006, 244, 255), Giinzel (ibid. 1906, 244, 257), 
Feist (ibid. 1907, 245, 586 with early references), 
and Feist and Sandstcde (ibid. 1918, 256, 1). The 
early historj' of these alkaloids is somewhat 
confusing : Giinzel (l.c.) isolated a base columba- 
mine, Feist (l.c.) found palmatine and jatrorrhi- 
zino (called jateorrhizine in earlier papers), but 
it was Spiith and Duschinsky (Ber. 1925, 58, 
[B], 1939) who showed that Gunzel’s and Feist’s 
base columbamine was really palmatine. Spath 
and Burger (Ber. 1926, 59, [B], 1486) isolated a 
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third alkaloid for which the term columbamine 
was used. References concerning columbamine 
earlier than 1926 should therefore be applied 
to palmatine. 

According to Spath and Duschinsky (l.c.) the 
roots are extracted ■with EtOH, the EtOH- 
residue is extracted TOth very dilute acid, and the 
total alkaloids precipitated with H I. The crude 
crystalline iodides are fractionated with K2CO3 
and KOH when (I)-iodide is left behind. The 
separation of the quaternary phenolic bases is 
difficult and they are best reduced to the 
tetrahydro-compounds ivith H2SO4 and zinc, 
or amalgamated zinc -f- 30% acetic acid (Awe, 
Ber. 1934, 67, [B], 836), or zinc and acetic acid 
(Feist, Awe and Etzrodt, Arch. Pharm. 1934, 
272, 817). The crude tetrahydrobases are frac- 
tionated with HCl ; the first fractions deposit 
a sparingly soluble hydrochloride which is con- 
verted into the free base tetrahydrojatror- 
rhizine (V). From the mother-liquors an easily 
soluble chloride was isolated and converted into 
the free base tetrahydrocolumbamine (VI). 
The total yield of crude iodides is about 4-3% 
(Feistand Dschu, Arch. Pharm. 1925, 263, 294) of 
which 2% is (I)-iodide. According to Spath and 
Duschinsky (l.c.) 32 g. of the crude quaternary 
phenolic iodides yield 18 g. of the crude tetra- 
hydro mixture. The yield of (VI) is very small ; 
Spath and Burger (l.c.) isolated 0-52 g. from 30 g. 
crude quaternary bases. 

Palmatine (I)-iodide, C2JH22O4N l-)-2H20, 
m.p. 240°, crystallises from HgO in yellow 
needles ; (I)-Cl yellow needles, m.p. 205° ; 
(Il'NOg, m.p. 239°, greenish -yellow needles. 

(I) is easily reduced to rac. tetrahydropalmatine 
(IV), m.p. 144°, colourless glistening leaflets. 
(IV^HCI is sparingly soluble. The d-form of 
(IV) occurs in Corydalis roots. The great 
similarity of (I) to berberine was already 
suggested by Gadamer (l.c.) ; like berberine (I) 
forms characteristic addition compounds with 
chloroform (greyish-yellow crystals, m.p. 189°) 
and with acetone (red-brown crystals, m.p. 143°). 

Jatrorrhizine (Il)-iodide, C20H20O4N Iq-HjO, 
m.p. 210°-211°, crystallises in reddish-yellow 
needles. (II)-CI yellow (from H2O) or copper 
coloured needles (from EtOH), both forms 
melting at 206° ; (Ill'NOg glistening, golden- 
yellow needles, m.p. 22.5°. On reduction of 

(II) rac. (V) (m.p. 216°-217°, from alcohol) is 
obtained. 

Columbamine (111), C2oH2o04N-OH, has 
only been isolated as the rac. tetrahydro- 
derivalive (VI), m.p. 223°-224° (from MeOH) 
(cf. Spath and Burger, l.c.). 

For the absorption spectra of the three 
alkaloids, see Feist, Awe, and Etzrodt (l.c.). 

Spath and Polgar (Monatsh. 1929, 52, 117) iso- 
lated (I), (U), and (III) from Berberis vulgaris. 
Gadamer, Spath, and Mosettig (Arch. Pharm. 
1927, 265, 675) found d-(VI) in Corydalis cava. 
(II) -w-as further isolated from Mahonia philip- 
pensis (Castro, Santos, and Valenzuela, 1933, A., 
878), (II) and (III) from Arcangelisia jlava 
(Santos, 1932, A., 664), and Berberis Thunbergii 
D.C. var. Maximowiezi, Franch. (Kondo and 
Tomita, 1931, A., 242). 

Consliliilions . — The constitution of (I) has 
been proved by Feist and Sandstede (l.c.) who by 
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permanganate oxidation obtained corydaldme 
(right part of the molecule) and ohemipinic 
acid (left part of the molecule). Gadamer’s 
suggestions (Ic.) concerning the iclalionship 
between (I) and berbenne is now certain, (I) is 
a base with tno MeO-groupa instead of a 
metbylenediosy-group in the 2 3-position of 
berberine. (II) (Spath and Bohm, Ber. 1922, 55, 
2985) and (III) (Spath and Burger, Ic.) were 
methylated at the phenolic OH group and thus 
converted into (I). By careful oxidation of 
(V) ethyl ether with permanganate Sphth and 
Duschinsky (l.c.) obtained the methyl ethyl ether 
ofnor w hemipinicacidand7-methoxy 6 ethoxy- 
1-keto-l 2 3 4 tetrahydroisoquinoline, which was 
conclusive proof that the phenohe OH group 
was in position 3. A similar oxidation of (VI)- 
ethjl ether (Spath and Burger, I e ) showed the 
phenohe OH-group of (III) to be in position 2. 

Synthesea . — Unsuccessful attempts at syn- 
theses of the tetrahydropalmatine skeleton were 
reported by Pictet and Malinovski (Ber. 1913, 
46, 2688) and by Pictet and Chou (Ber 1916,49, 
370). Splth and Lang (Ber. 1921, 64, [B], 3054). 
starting from tetrahydroberbenne, removed the 
methylenedioxy group with alcohoLc potash 
and methylated the phenohe base with dimethyl 
sulphate. The quaternary raetbosulphate was 
converted into (IV) (m p 146*-147*, no depres 
Sion with the natural product), and finally into 

(I) I (m p 240”) by oxidation with iodine solu- 
tion Tlie yields are poor. A second synthesis 
of (I), starting from quaternary berbenne 
sulphate and removing the methylenedioxy- 
group with phloroglucmol H 2 SO 4 has been 
reported by Spath and Quietcnsky (Ber. 1925, 
68 , [B], 22b7) The phenolic base is methylated 
with cumethylsulphate, the yields are good 

Interesting syntheses of (IV) and of the iodide 
of (I) have been reported by Haworth, Koepfli, 
and Perkin (JCS 1927, 548); a further 
synthesis of the latter is due to Oberlm (Arch 
Pharm. 1927, 265, 271), and Osada obtained (IV) 
starting with piotopioe (Amer Chem A^tr 
1928, 22, 692). 

Spath and Quietensky (l.c ) methylated with 
small amounts of dimethyl sulphate the phenohe 
base obtained in their second synthesis (see a{>OTe), 
and obtained a compound winch after reduction 
yielded (V). 

In a second synthesis, [startmg from r- and 
d tetrahydroberbenne Spath and Mosettig (Ber 
1927, 60, 383) obtained the r- and d forms of 
(IV), (V), and (VI), d (V) (mp 237‘’-238') is 
identical with corypalmine. 

The following are the structural relations of 
the Calumba alkaloids : 



(I) Ri=R 2 =R, 

(II) Ri=R3=R4=OMe , R 2 =OH 

(III) R 2 =R 3 =R 4 =OMe ; Rj^OH 



(IV) R,= Rg=R 3 =R 4 =OMe 

(V) Ri=R,=R 4 =OMe ; R.=OH 
(VI) Rg=Rj=R 4 =OMe ; R,=OH 

ScU 

CALYCANTHINE (I) and uo-CALY- 
CANTHINE (II) are two alkaloids occumeg 
in two CalycflRtAua species (/oridiM, glaucut) and 
in Aferatia prxeox (Fam. Calyeanthaces) 
(I) was first isolated by Eccles (Proc. Amer. 
Pharm. Assoc. 1888,64,382); the first chemical 
investigation was undertaken by Gordm (J 
Amer. Chem. Soc. 1905, 27, 144). 

Sxiracheft (tr/. Gt>rdm, J sbs, 1 e , and ihaslf, 
J- Amer. Chem. Soc. 1D20, 51, 1836) : the seeds 
are first defatted by extraction with light 
petroleum, etc The alkaloid is then obtained by 
extraction with hot EtOH. After evaporation 
the residue is taken up in dilute HCI. The darl 
brown solution is carefully basified when the 
crude crystalline base separates and is recrystal 
tised from dilute EtOH or dilute acetone (yield 
approximately 1 7-2 6 %) 

Calycanthine (I), CtzHjiN, (Spath and 
Sttob. Ber. 1025, 68 . [B], 2131) or C„H,,N, 
(Manske. I e. 1929), m.p. 216*-218'' or 245* (dry), 
Wn -f684 3% crystallises with 1 mol. ofH,0 
in orthorhombic bipyramids, it is readily soluble 
in EtjO and CHClg, sparingly soluble in 
HjO, reacts alkabne to litmus and has a bitter 
taste. It probably contains two secondary 
and two tertiary N atoms. For colour reactione 
cf. Gordin (l.c.). The salts of (I) are noetly 
crystalline. B-2HNO,, prisms, m.p. 2O8‘’-209 
(from dilute HNOj); B' 2 HgS 04 . silky 
needles, m.p. 184® (dry) j B'HjSO^, m.p. 219 
(dry*) , chloroaurate, m.p. 196“ (dry) : picrste, 
ni p. 185% yellow silky needles, sparingly 
soluble H 3 O and EtOH ; c/. Gordm (J- Amer. 
Chem Soc. 1905, 27, 1418). 

By interaction of HNOj and (I) a di 
lutrosamine was obtained (Gordm, lc)i * 
Zerewitmoff estimation (Spith and Strob, Ic) 
detnonstrated two active H-atoms (two N-H 
groups) ; these findings are difficult to cone 
lato with a partial formula for (I), drawn Iro® 
Manske’a degradation expenments (Canad. J 
Rea. 1931, 4. 276). 


CH 

I 

CH 
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/so-Calycanthine (II). — Gordin (J. Amer. 
Chom. Soc. 1909, 31, 1305) reportedtheisolation of 
a second alkaloid (II) from G. glaucus. Although 
there is no reason for questioning the existence 
of (II), Gordin’s first starting material, from 
which he isolated (I), must have been C. fioridus, 
(I) and (II) have never been found together, 
(I) is obtained from 0. fioridus and Meralia 
•prircox, and (II) from G.fertilis {0. glaumia). 

(II) forms thick prisms, melting at 235°-236°, 
[a]“ +697-9°, soluble in acetone, CHClj, and 
hot EtOH, sparingly soluble in EtjO, cold 
EtOH, or benzene. The salts are mostly 
crystalline. 

(I) and (II) are very toxic ; 10 mg. produce 
strychnine-like convulsions in a frog, lethal dose 
for rabbits 20 mg. per kg. body weight, death 
from paralysis of respiration (c/. Cushny, Arch, 
intern, do pharmac. et de therapie, 15, 487). 
From the leaves of G. fioridus, Mirande (Compt. 
rend. 1912, 155, 783) has isolated small amounts 
of prussic acid ; Scalione (Ind. Eng. Chem. 1916, 
8, 729) has found trimethylamine in the leaves of 
C. occidcntalis. For constituents of the volatile 
oil of G. fioridus, see Miller, Taylor and Eskcw 
(J. Amer. Chem. Soc. 1914, 36, 2182). Schl. 

CAMBOGIA or GAMBOGE. An orange 
red gum resin obtained from Garcinia Hanhuryi, 
Hook (Fam. Guttiferaa) growing in Camboja, 
Siam and Cochin China. Indian gamboge is 
obtained from 0. morella Desrouss. Used as a 
purgative and also as a pigment. 

CAMELINE OIL, DODDER OIL, or 
GERMAN SESAME OIL, is obtained from 
the seeds of Gamelina saliva L. Fr. (Fam. Cruci- 
forso). Several centuries ago the cultivation of 
camelino was of considerable importance in 
Germany, but it is now only grown on a 
small scale in Central Europe and Russia. 
The seed contains 30-40% of oil, which is golden- 
yellow in colour and has a pungent taste and 
smell. It is a semi-drying oU, on exposure 
to air it dries slowly and on boiling with 
litharge or manganese salts it yields a 
slowly drying varnish. The cold-pressed oU is 
used for edible purposes in Russia ; the hot- 
pressed grades are used for soap-making on the 
Continent. 

The properties of the oil are as follow-s : 

0-920-0-927 ; f.p. -15° to -19°C. ; saponi- 
fication value 185-188 ; iodine value 133-164 
(the liighcr iodine values arc found for oUs 
from colder regions, e.g. North Russia, c/.Ivanow, 
Chom. Umschau, 1930, 37, 349 ; Boekenoogon, 
Fettchem. Umschau, 1933, 40, 55 ; Heller, 
Angew. Chem. 1933, 46, 441) ; unsaponifiable 
matter 1-16% (one sample, Grimme, Chem. Rev. 
1912, 19, 102) ; m.p. of fatty acids, 18°-20°C., 
mean molecular weight of fatty acids, 296-3. 
The latter figure and low saponification value 
of the oil suggest that the oil may contain erucic 
acid. The presence of small amounts of this 
acid, and of linolenic acid, together with oleic, 
linolic, and saturated acids (about 10% ?) in 
camcline oil is reported by Bockenoogen 
(private communication). J. L. and E. L. 

CAMPEACHY WOOD. Log\vooa. 

CAMPHANIC ACID. The lactone of 
hydroxy-camphoric acid {v, Camwioe). 


CAMPHENE. 

HjC CH — CMCa 

1 CH, 

I I 

H^C CH C:CH3 

The dicyclic hydrocarbon, camphene, CjqHig, 
is crystalline, and it has therefore been obtained 
pure and free from isomerides. It occurs fairly 
widely distributed in nature both in the optically 
active and inactive forms. 1-Camphene is 
probably most conveniently obtained from the 
oU of Abies Sibirica. The optically active and 
inactive forms have approximately the same 
melting-points and the following constants have 
been recorded : m.p. 51°-52°, b.p. 158-15°- 
168-5°/760 mm., 0-84224, n®* 1-5514, 
[a]p +103-89°, —85-9° (in ether). The hydro- 
carbon can be identified by its melting-point, by 
its conversion with the Bertram-Walbaum 
reagent into tsobornool, and by its oxidation in 
acetic acid solution to camphenilone. 

Camphene was prepared in the laboratory 
prior to its isolation from natural sources. It 
is formed when hydrogen chloride is removed 
from bomyl or aliobornyl chlorides, this reaction 
having been investigated as far back as 1831 by 
Oppermann (Pogg. Ann. 1831,22, 193). The most 
suitable conditions for the conversion of bornyl 
chloride into camphene have been carefully 
studied in view of its importance as a stage in 
the manufacture of “ synthetic ” camphor. 

Owing to the facility with which camphene 
undergoes molecular rearrangements and the 
somewhat abnormal results obtained on oxida- 
tion with potassium permanganate in alkaline 
solution, the determination of the structure of 
camphene has afforded considerable difficulty. 
The constitution (I) now assigned to it was first 
suggested by Wagner (J. Russ. Phys. Chem. Soc. 
1899, 31, 680) and proof is furnished by the 
following facts : (i) on ozonolysis it yields 
formaldehyde, camphenilone (II), and the 
lactone (III), the latter being a secondary product 
formed by the reactions indicated below 
(Harries and Palm6n, Ber. 1910, 43, 1432) -. 


Hj.C— CH— CMej H^C— CH— CMe, 


CH, 


CH, 


HjC— CH— CiCHj HgC— CH— C— CH- 

\ /■ 

I- O, 


HjC— CH— CMe, 

■ I 

CH, 

I 

H,C— CH— CO 

11. 


H,C— CH— CMe, 


CH, 


. . I I I a'- 
HjC— CH— C< 

\f 


H,C— CH— CMe, 


CH^ O 


HjC— CH— CO 

ni. 
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and (u) by the oxidation of the roDdensaticm 
product (TV) of camphene with ethyl diazo> 
acetate to cyc/opropane-1 : 1 : 2 tricarboxylic acid 
(V) which establishes the esocyhc ethylenic 
linkage. ’ 

H.C— CH— CMe, 

' > I 

CH, 


! I 

H.C— CH- 


-C— CH, 

\ / 

C(CO,Etl, 

IV. 


HO,C— CH— CH, 

C(CO,H), 

V. 


Whilst the oxidation of camphene with potaa- 
Slum permanganate m acetic acid yields cam 
pheniione (II/, la alkahne soiotioa the dibasic 
acid, campAenie ocid (X) is obtained, the for* 
mation of which suggests that camphene should 
be representedby the structure (IX). This hydro- 
carbon. tndocampAe/ie, was prepared by Lipp, 
Gbtzen, and Beinarte (Annaleo, 1927, 453, 1 ) 
from a irotweamphena (VI), which on treat* 
ment with alku giree AomouimpA«nth»i« 
(VIX). Kednction of the ketone with eodium 
and aloobol yields the alcohol honuxam- 
pKtn%lol (Vm), from which by debydration 
endocamphene ts obtained. 

H,C— CH— CMe, H,C— CH— CMe, 


CH, 1 H 

I I 

r_CH— C.CH, 


' CH, 

I I I 

H,C-*CH— CiCHBr 


H.C— CH— CMe, H,C— CH— CMe, 

,11 [it 

CH, CH, -> CH, CH, 


H,C— CH— CMe, 

I I 

H,C— CH— C(OH)CO,H 
XI. 

H,C— CH— CMe, 

I I 1 

- I CH, CO ^ (X) 
H,C— CH— CO 

V. xir. 

Camphene has been prepared synthetically 
I by the action of magnesium methyl iodide on 
camphentlone (II), the tertiary alcohol, melAyt 
\camphtn\l6l or eamphtne hydraU (XIII), ginng 
on dehydration camphene (I). 

H,C— CH— CMe, 

! > I 

CH, 

I ) ' 

H,C— CH— CO 
II. 

H,C— CH— CMe, 

^ _ I in, I - (I) 
H,C— CH— C(OH)Me 
xin. 

Other methods for the preparation of am. 
phene are (i) the dehydration of bomeol and tto 
MTseol, (u) the action of acetic anhydnde oo 
bonylanune. 

On oxidation with chromic acid amphene 
yields camphor (XV) (Armstrong and ludeo. 
Ber. 1879, 12, 1756 } Kachler and SpiUer, 
Annalen, 1880, 200, 359). TZiis reaction m 
Toircs a Wagner ileerwein rearrangement and 
it is possible that camphene hydrate (XITI) ia 
fiiet formed, which tautomensea to bomeol (or 
isobomeoi) (XTV), the latter then being oxidiied 
to camphor. 


H,C— CH— do, H,C— CH- 


I— i;HC 


H,C— CH— CMe, 

1 i 

CH, 




-in-t 

IX. 


H,C— CH— CMe, 

ill 

CH, CO,H 
H,C— CH— CO,H 
X. 


The oxidation of camphene to campbenic 
acid, which occnra only in the presence of alhah 
(Langlois, Ann. Chim. 19I9,[ix],12,30I),isdiie 
to the reairangeuent of the primary oxidation 
product, eamphtnylic acid (Xl) into car&o. 
eamphoniloM (XII), which ts then further 
oxidised to camphemc acid. 


H,C— CMe— CHOH 

I I I 

I CMe. 

Ill 

H,C— CH CH, 

XIV. 


H,C— CMe-CO 

I L,. I 

H,c— in — CH, 

XV. 


This method has been used for the manufsctuie 
of “ synthetic ” camphor ; for fuller particuUf* 
see CurrEOB, SrKTHEnc, p. 249. 

The oxidation of camphene with nitric acid 
has been studied by Kiban (Ber. 1878,11,391 . 
Armstrong and Tilden (iftid. 1879, 12. 1756). 
Marsh and Gardner (T.C.S. 1891, 59, 648). and 
by Komppa (Ber. 1901, 34, 2472 ; IMS, «. 
2747 ; 1911, 44, 863, 1536 ; Annalen. IW- 
366, 71 ; 368, 126), and it has been ahowu to 
proceed in accordance with the following 
acbeme : 
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HjC— CH— CMej HjC— CH— CMea 


'■ 1 

1 

. 1 
- 1 

c— CH— C 

::CH2 HjC- CH— c 


OH 

CH. 
(Camphene glycol) 


CHjOH 


H^C-CH— CMej 


CH„ 

' I V 

HjC— CH— C/ 


OH 


COjH 

(Camphenyllc acid) 

HjC— CH— CMe, H,C— CH— CMe» 


1 

j CHj 

- ' Ah, 

1 1 

,c c 

1 = 

:co,H H,C — 1 — c 


CH-OH 


HjC- CH— CHa 


I CMCjI 

H,C— C CO 


COjH 


CO 

H„C— CHCOjH 

I 

CMej 

H,C— CCO,H 


COjH 

(Carboxyapocaraphoric 

acid) 

HjC— CHCOjH 
1 CMe, 


HjC— CHCOjH 

(npoCamphoric acid) 


have been studied by Langlois (l.c.) and also 
by Lipp and bis collaborators (J. pr. Chem. 1922, 
[iij, 105, 50 ; Annalen, 1927, 453, 1). 

As was first observed by Berthelot (Annalen, 
1859, 110, 367) camphene on treatment with 
hydrogen chloride yields tsobornyl chloride. 
This important reaction has since been studied 
in great detail and the experiments of Aschan 
(Annalen, 1911, 383, 7) and more especially of 
Meerwein and Emster (Ber. 1920, 53, [B], 1815 ; 
1922, 55, [B], 2500) have shown that a mixture of 
isobomyl chloride and camphene hydrochloride, 
m.p. 125°-127°, is formed, when camphene is 
treated with hydrogen chloride in methyl 
alcoholic or ethereal solution. The latter hydro- 
chloride which is extremely unstable, is tauto- 
meric with bornyl and isobornyl chlorides. The 
percentage of camphene hydrochloride in the 
mixture can be readijy estimated by taking 
advantage of the fact that it can be titrated like 
free hydrochloric acid. 

<o-Nilrocamphene, 1-, m.p. 84°-85°, dl-, 
m.p. 64“, known also as camphenilic nitrite, can 
be readily prepared by the action of oxides of 
nitrogen on camphene (Jagelki, Ber. 1899, 32, 
1498 ; Lipp, Annalen, 1911, 382, 291 ; 1913, 
399, 241 : 1914, 402, 343 ; Blaise and Blanc, 
Comp. rend. 1899, 139, 886 ; Bull Soc. chim. 
1900, [iiij, 23, 164). It yields on treatment with 
alkali camphenilone. Two further nitro-cam- 
phenes have been prepared (Forster, JD.S. 
1899, 75, 1144 ; Nametkin and Zabroda, 
Annalen, 1925, 441, 181). The second of these, 
b.p. 119°-119-5°, prepared by the action of 
nitric acid on tricyclene (XIX) is probably repre- 
sented by (XX), but the constitution of Forster’s 
nitrocamphene, m.p. 56°, obtained by the action 
of silver nitrate on 2-bromo-2-nitrocamphane is 
not known. 


cu-Chlorocamphene (XVI), b.p. 95°-98715 mm., 
has been i^repared by Langlois (Ann. Chim. 
1919, [ix], 12, 193) by the action of chlorine on 
camphene, whilst two stereoisomeric a-chloro- 
camphenes (XVTI), m.p. 20°, b.p. 193°-197°, 
and m.p. 123°-129°, b.p. 194°-200°, have been 
obtained by Meerwein and Wortmann (Annalen, 
1923, 435, 194) from a-dichlorocamphane (XVIII) 
prepared by the action of phosphorus penta- 
chlorido on camphor. 

HjC— CMe— CCI 

j CMej 

HjC— CH CH, 

XVIII. 


H„C— CH— CMe„ 


! CH„ 

' I ‘ I 

H„C— CH— C: 
XVI, 


CHCI 


C:CH„ 


HC- 


-CHCI 


Potassium 


acetate 


CMe, 

I ‘ 

H„C CH— CH, 

XITI. 


cii-Bromocamphcne, which is an oil, was first 
prepared by Vallach (Annalen, 1885, 230, 235) 
by the bromination of camphene. Its reactions 


CMe 



CMe^ 

i I 

HjC CH— CHj 

XIX. 


HC- 


^C:CH2 
CH-NO, 


CMe, 

' I 

HgC CH— CH, 

XX. 


The hydration of camphene with acetic-sul- 
phuric acid mixture (Bertram and Walbaum, J. 
pr. Chem. 1894, [ ii], 49, 8) yields mainly isoborneol 
with some borneol. This is the normal product 
of the hydration and it occurs with the majority 
of hydrating reagents. Since it forms an inter- 
mediate stage in the manufacture of “ synthetic ” 
camphor the reaction has been studied in great 
detail and it forms the subject of numerous 
patents. If, however, camphene is hydrated in 
ethereal solution with Aschan’s reagent “ diethyl 
oxonium sulphate ” (prepared by treating ether 
with monohydrate) it yields camphene hydrate, 
m.p. 150°-lol° ; phenylurelhane, m.p. 89° 
(Aschan, Medd. K. Vetenskapsakad. Nobel- 
Inst. 1919, 5, No. 8, 19). This alcohol is 
obtained also by the action of milk of lime on 
either bornyl chloride or camphene hydro- 
chloride (Aschan, Ber. 1908, 41, 1092). A 
stereoisomeric alcohol, m.p. 117°-118° ; phenyl- 
urethane, m.p. 126°, was prepared by Moycho 
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and EieakowaU (Annalen, 1905, 340, 58) by 
tbe action of magnesium meth}! iodide on 
camphenilone. As has been shown by ileenrcm 
and hi3 collaborators (Annalen, 1923, 435, 174 ; 
1927, 453, 16) bomeol, nobomeol, and camphene 
hydrate, like the related chlondcs, are tanto* 
merides. J. !<. S. 

CAMPHENILONE. 

CHj— CH— CME j 


; secondary alcohol, camphenilol (VII). Two 
steieoisotnenc dl forms of this alcouol ha\c been 
described, m.p. 91-5°-92° and 74'’-75° respec- 
tively (G. Komppa and Beckmann, Annalen, 
1936, 522, 137) , the related optically aotne 
isomendes have m p. 76®, (aJn —23 0”, and m p. 
98“— 101“,[a]i> +33 3®. They were prepared from 
/ camphene (Huckel and Tappo, Ber. 193G, 
69, [B], 2770). 

CH*— CH— CMcj CHj— CH— CMe, 


CH,— CH— CO 

The ketone camphenilone, C,Hj 40 , does not 
occur in nature, dl Camphenilone has m p. SS**, 
b.p. 195°, d’* 0 9705, r469, eemiear^ione, 

m.p 224®, oxime, m p. 41®-42®. Both optically 
active modifications have been prepar^ ; d-, 
m p. 41*— 42®, [o]b^ +3005 (in alcohol), I,' 
m.p. 39®. bp. 193®/760 mm., [a]|, -60S® (in 
benzene) (Aseban, Annalen, 1915, 410. 223 , 
Huckel and Tappe, Ber. 1936, 69, B, 2770) 

The ketone (I) can be prepared by the ovida 
tion of camphene (II) (Blaiie and Blanc. Bull 
Soc chim. 1900, [ill], 23, 173) or by the oxidation 
of <o mtroeampiune (III) with potassium per 
inanganate (Jagelkj, Ber 1899, 32. 1498 . 
Komppa and Umtikka, Annalen, 1912, 387, 
294). 

CH,— CH— CMe, CH,— CH— CMe, 


I I * I 1 r I 

CH,— CH— C:CH, CH,— CH— CO 

II. I. 


CH,— CH— CMe, 

iH.I 


iIh,-, 


CH— C.CH NO, 
III. 


CH,— CH— CMe, 

1 

CH,— CH— CO,/ 
IV. 


CH,— CH— CH, 

! M 

CH,— CH— CO 
V. 


CH,— CH— CMe, 

I I 

CH,— CH— CH C< 
VI. 


The ketone has been synthesised by G, Komppa 
and Hmtikka (Ber. 1914, 47, 1550) by the dis 
tillation of the lead salt of camphenic acid (IV), 
by Diels and Alder (Annalen, 1926, 470, 63 ; 
1931, 486. 202) by the methylation of nor- 
camphor (V) and by G. Komppa and 0 Komppa 
(Ber. 1936, 69, 2C0C) from leocamphenilanic acid 
(VI) through camphenylamine and camphenilol. 

On reduction camphenilone yields the 


CH, CH, 

I I 

CHj— CH— CH OH CH,— CH— CHCl 

Vn. VIII. 

By the action of phosphorus pentachlonde on 

the alcohol rampAeniiyl chloride (VIII), m p. 54°, 
b.p 70®-76°/15 mm., is obtamed, which is, 
however, not homogeneous 

The dehydration of camphenilol or the removal 
of hydrogen chloride from camphenilyl chloride 
yields a complex mixture of hydrocarbons, in 
which santene predominates, apocjtlene and 
opobomylene bemg formed also (Hmtikka and 
Komppa, Bull. Soc. chim. 1917, [ivj, 21, 14 , 
Snitter, BuU. Inst Pin, 1933, 17S, 200 ; Gratton 
and Simonsen, J C S. 1935, 1621 ; Kompps and 
Beckmann, Annalen, 1936, 522, 137 ; ijpp and 
Daniels, Ber. 1036, 69, [B], 1813, 2251). J. L. S. 

CAMPHENOLr. Cabvsjjone. 

CAMPHOCHOL. A molecular compound 
of camphor and apoebohe acid(Itheinboldtel al. 
Z. physiol Cbem. 1929, 184, 219) 

CAMPHOL, A name for synthetic borneol 
(Bertheiot, Ann Chim. 1859, [ml, 66, 61). 

CAMPHOR. 

H,C— CMe— CO 

I CMe, I 

H,C— CH — CH, 

The dicycLc ketone camphor, CjoHjgO, does 
not occur very widely distnbuted in nature. 
d-Camphor occurs in the tree Ctnnamomum 
camphora Nees and this forms the mam source 
of the natural ketone. Camphor occurs m all 
parts of the tree, but mainly in the trunk. The 
most extensive forests of C. camphora are found 
in Formosa, where the production of camphor 
13 a government monopoly ; the tree has, 
however, been cultivated in vanous other tropical 
and semi tropical countries. No large industry 
has, however, been developed. i-Camphor i» 
found in the oil from Elumea baUamiJera and 
in that from Artemisia Indenlata lypica (Adams 
and Oakberg, J. Amer. Chem. Soc. 1934, 56, 
457), and dLcamphor in the oil from Chrys- 
anthemum sinense, var. japontca. 

Camphor has a characteristic odour, crj’stal- 
Lses m thin plates, and sublimes readily at room 
temperature. The d- and I- forms of camphor 
melt at 178 5’-179°, [o]d ±44-22° (m alcohol 
c=20), the rotatory power varies very greatly 
with the nature of the solvent and the con- 
centration. d(-Camphor has mp. 178°-178 5 , 
b.p. 209*/759 mm., dj 1 000. Camphor can be 
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identified by the preparation pf the oxime, 
m.p. 119'6° or the semicarbazone, m.p. 245°. 
The d; 1; and d/-forma of camphor, and also 
their derivatives, differ as a rule little in melting- 
points, one notable exception being tiio plienyl- 
semicarbazones, where the d- and Z-forms have 
m.p. 153°-154°, and the dl-, m.p. 171'5°-172-5°. 
In the absence of other carbonyl derivatives 
camphor can be estimated quantitatively by 
the preparation of its sparingly soluble 2:4- 
dinilrophenylhydrazone, m.p. 175°. 

Frequent mention of camphor, which early 
found employment in medicine, is found in 
alchemical hterature. Its composition and 
molecular weight were first correctly deter- 
mined by Dumas (Annalen, 1833, 6, 245), and 
since that time no natural substance has formed 
the subject of such intensive study. (For an 
account of early work on camphor, see Aschan, 
"Die Constitution dcs Camphers und seiner 
wichtigsten Derivative,” Braunscliweig, 1903). 

Camphor on oxidation gives a dibasic acid, 
camphoric acid, CjoHj^O^, and the structure (I) 
now accepted for camphor is based upon that 
suggested for camphoric acid (II) by llredt in 
1893. 


H,C CMe— CO 

' I 

CMCj 


H„C — CMeC02H 
CMej 


HjC — CH — CHj 
I. 


HjC — CH-COjH 
II. 


Camphoric acid can exist in cis- and leans- 
forms. It is only the cis- form, which has the 
carbo.xyl groups on the same side of the plane 
of the ring, that is related to camphor. The 
more important evidence in support of the 
formula! suggested for these two substances 
may be briefly summarised under the following 
heads : (i) both camphor and camphoric acid 
are saturated substances, and they must there- 
fore be dicyclic and monocylic respectively ; 
(ii) camphor and camphoric acid arc optically 
active and they must therefore contain at least 
one centre of asymmetry ; (iii) camphor is a 
ketone, since it forms an oxime and can be 
reduced to a secondary alcohol ; (iv) camphor 
must contain the grouping — CO — CHj — since 
it gives an hydroxymethylene derivative and 
yields on oxidation a dibasic acid, camphoric 
acid, in which the two carboxyl groups are not 
similarly situated ; (v) oxidation of camphor 
or of camphoric acid with nitric acid gives 
camphoronic acid, CjHj^Oe, shown by Perkin 
and Thorpe’s synthesis (J.C.S. 1897, 71, 1189) 
to bo represented by (III). From this it follows 
that camphor and camphoric acid must contain 


HX CH-COoH 

I 

CMe, 

I 

HjC CHCO^H 

V. 

the carbon skeleton (IV) ; (vi) the sodium 
derivative of camphor gives with cyanogen, 
cyanocampJior, CiqHijO-CN, yielding on hy- 
drolysis homocamphoric acid, C9Hig(C02H)2. 
This acid must be a derivative of either glutaric 
or adipic acid, since distillation of its calcium 
salt gives the ketone camphor ; (vii) direct 
proof of the presence of the eyeZopentane ring 
is furnished by the oxidation of bornyl chloride 
to apocamphoric acid (V) synthesised by Komppa 
(Ber. 1901, 34, 2472). 

The reactions outlined above can be explained 
readily on the Bredt formulre (I) and (II), and 
the structure for camphoric acid has been con- 
firmed by its synthesis practically simul- 
taneously by Komppa (Bcr. li)03, 36, 4332 ; 
Annalen, 1909, 370, 225) and bv Perkin and 
Thorpe (J.C.S. 1904, 85, 146 ; 1906, 89, 799). 
These two syntheses arc outlined in the schemes 
set out below : 

Komppa. 

COMo H2CCO„Me OC— CHCOaMe 

! I ■ ; I 

I I + CM62 — >■ I CM62 

COjMe HjC-COjMe OC— CHCOaMe 

I 

I OC— CMeXOjMe HjC— CMeXOjMe 


-> I CMe2 


CMe2 


OC— CH-COjMe HjC—CHCOgMe 


Perkin and Thorpe. 

H02CH2C COjH 

! I 

; CMej 

i I 

H2C— CHCO2H 
H,C CMe— O 

■| I 

CMe, -> 

I I 

H2C CH-CO 

HjC— CMe-CN 

, I 

-> I CMe, 

I I 

H 2 C— CH-C02H 


CO 

I 

CMea 

I 

CHCOjH 
HjC— CMeBr 

' I 

CMe, 

I I ■ 

H2 C— CHCO 2H 
H2C— CMeCO,H 

I I 

; CMe2 
H2C— CHCO2H 


H2C- 

I 

HgC— 


HX CMe-CO,H 


HO.X 


i 


Me, 

OoH 


III. 

VOL. 11.— 10 


C- 



CMe, 

I I ■ 
•c — c- 

IV. 


The camphoric acid so obtained was optically 
inactive, but it was readily resolved into the 
two enantiomorphs, d- and Z-camphoric acids, 
identical with those obtained by the oxidation 
of (Z- and Z- camphor. 

As mentioned above, camphor can be pre- 
pared by the distillation of the calcium salt of 
homocamphoric acid (VII), obtained from 
camphoric anhydride (VT) by the reactions given 
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below, first carried out by Haller (Compt. rend 
1889, 109, 68, 112 ; 1896, 122, 440). 


H.C— CMe— CO 

I 


CMej 


)° 

HjC— CH CO 

VI. 


HjC— CMe CO 

I ' \ 

I CMe, 

I 

HjC— CH-CHj 

Campholidc 


H,C— CMeCO.H 
KCN I 

— »■ CMe, 


HC=CMe 

I CMe, CHO 

1 I / 

HjC— CH— CHj 

vin. 


HjC— CMeCO 
I CMeAo 
HjC— CH-CH, 
IX. 


H„C— CMe— CO 


OC— CH — CHj 
X. 


H,C— CH CHgCN 

H,C— CMe-CO-H H,C— CMe— CO 

'I 'll 

-> ' CMe, -> I CMe, 

II 111 

H,C— CH CH. COjH H,C— CH CH, 

VII. 

Although camphor has two centres of asym- 
metry, as was first pointed out by Aschan 
(Aimalen, 1901, 316, 212), both these are 
occasioned by the carbonyl group, and camphor 
can therefore only give two optically active- 
forma, Thia la confirmed by the fact that the 
saturated hydrocarbon, camphane, derived 
firom camphor, is optically inactive 

Camphor is of very great technical importance, 
being used largely, inter aha, m the manufacture 
of celluloid, plastics, amokelesa powders, and 
medicinal products Since the natural product 
is limited in quantity camphor is now manu 
factuied on a considerable scale from pinene 
The subject of the manufacture of “ e^mthetic ” 
camphor is dealt with elsewhere One of the 
mam processes involves the foUonmg senes of 
reactions , 

Pmeno Bornjl chloride -► Caniphene 

-♦ isoBorneol -*■ Camphor 
On reduction camphor gives the secondary 
alcohols boraecJ and isohomeoi 'VVilb a 
platinum black catalyst Vavon and Peignier 
(Compt. rend 1925, 181, 184) found the product | 
to be nearly pure tsoborneol, prolonged treat : 
ment giving camphane With a nickel oxide 
catalyst at 320“-350‘’, using high pressures, a 
mixture of bomeol and isoborneo! results, whilst 
with an alumma nickel oxide catalyst these 
alcohols are accompanied by tsocamphane 
(Ipatiev, Ber. 1912, 45, 3206). The hydro- 
carbon IS evidently formed by the dehydration 
of the alcohols to camphene followed by hydro- 
genation. I 

Camphor is fairly resistant to the action of! 
oxidising agents. In alcoholic solution it isj 
oxidised hy the air in sunLght to a ramphoJen- '■ 
aldehyde (VIII) and other substances (Ciamician 
and Sdber, Ber. 1910, 43, 1341). With Caro’s 
reagent a eamphohde (IX) and a lacton^ 

■ Jil obtained (Baeyer and ViUiger, I 

Ber. 1899, 32, 3625 ; Loequm, Compt. rend. 
1911, 153, 284). In the presence ol mmeral 
acids chromic acid oxidises camphor to ca*n 
phoronic and iso-campboTomc acids (Kachler, 


Ber 1880, 13, 487), but in their absence the 
diketone p dilelocamphane (X) is obtained 
(Bredt, J. pr. Chem. 1923, [u], 106, 336). With 
potassium permanganate in alkaline solution or 
with potassium ferricyanide camphoric acid 
results and this acid, together with camphoronic, 
isocamphoronic, trimethyl- and dimethyl-suc- 
cinic acids, is obtained by the action of mtnc 
acid (Grosser, Ber. 1881, 14, 2507 ; £tard, 
Compt. rend. 1900, 130, 570 ; Bredt, Ber. 1893, 
26. 3047) 

The action of dehydrating agents on camphor 
results as a rule m the formation of monocyclic 
derivatives, ring fission occurring generally 
between the 1 and 7 carbon atoms of the 
camphor molecule. Thus with phosphorus 
pcntoxide camphor yields p cymena (Dumas 
and P4b|ot, Compt. rend. 1836, 4, 400 j KekuI6 
and Pott, Ber 1869, 2. 121 ; Armstrong and 
.Miller, tbid. 1883, 16, 2250). With zinc chlonde 
peymene, 2 2 dimethyi 4-ethylbenzene and 
I 2 3 5-tetramethylbenzene and carvacrol are 
produced (Armstrong and Miller), whilst the 
phenol 13 formed also by the action of iodine 
(Claus, Annalen, 1 842, 44, 301 ; J. pr. Chem. 
1843, (0, 25, 264 ; Fleischer and KekuU, Ber. 
1873, 6, 933 , Armstrong and EasktU, t&id. 187S, 
11, 151). W'ltb concentrated sulpbunc acid a 
mixtureof3 4 dimethylacetophenone and carve 
none is obtained (Armstrong and Kipping, J.C S. 
1893, 83, 75 ; Bredt, Rochussen, and Monheim, 
Annalen. 1901, 314, 376). With phosphorus 
pentachloride similar degradation to p cymeae 
and carvacrol may occur, but Jleerwem and 
Wortmann (Annalen, 1923, 436, 190) have shown 
that under suitable conditions a camphor di^- 
chloride, 2.2"-dichlorocamphane, m p. 

I (XI) 13 obtamed, which m the presence^ of 
I stannous chloride in toluene solution isomerises 
I to 2:10 diehlorocampkane, m.p. 178®-179° (XII). 


HjC CMe— CCI 2 

j ciMeg I 

H.C CH CHj 


CHjCI 

H*C C— CHCl 

I CMejj 

HjC CH-CH, 

XII. 


Camphor reacts readily with sodium or sodamide 
to give sodiocamphor (Bruhl, Ber. 1903, So, 
1303 ; 1904, 37, 2171), some reduction to bomeol 
and isobomeol occurring during its formation. 
Sodiocamphor reacts with carbon dioxide to give 
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camphor-carboxylic acid [XIII], m.p. 127°-I28°, 
Mn ± 18° (Baubigny, Aim. Chim. 1870, [iv], 19, 
221 ; Bredt and Sandkuhl, Annalen, 1909,369, 11). 
The acid is formed also from a-bromocaraphor 
by the Grignard reaction (Zelinski, Ber. 1903, 36 
308 ; Briihl, ibid. 688 ; Malmgren, ibid. 2622). 
When reduced eleotrolyticaUy (Bredt, Scheen, 
and Quaritsch, Annalen, 1906, 348, 199 ; Bredt 
and Sandkuhl, ibid. 1909, 366, 16 ; J. pr. Chem. 
1922, [ii], 104, 1 ; Bredt, Drouven, Schumann, 
and Scholl, ibid. 1931, [ii], 131, 132) it yields a 
mixture of cis- and tTans-bomeolcarboxylic acids 
(XIV), CIS-, m.p. 101'’-102“ (dl; m.p. 129°- 
130°) ; trans; m.p. 171° (dl-, m.p. 144°-145°), 
which both give on dehydration hornylenecar- 
boxylic acid (XV) . The hydroxy-acids are highly 

H,C CMe— CO 

I 

CMe, 

I 

HjC CH CHCOjH 

XIII. 

H,C CMe— CH-OH 

I 

CMe, 

I 

HjC CH CHCOaH 

XIV. 


H,C CMe— CH 

I 

CMCa 


HjC CH CCOjH 

XV. 


reactive and undergo a number of interesting 
molecular rearrangements. Cyarwcamphor, m.p. 
127°-128°, [a]i, +12-16°, was prepared by Haller 
(Compt. rend. 1878, 87, 843) by the action of 
cyanogen or cyanogen chloride on sodiocamphor. 
It can bo prepared also more conveniently by 
the action of hydroxylamine on hydroxy- 
methylenecamphor (Bishop, Claisen, and Sin- 
clair, Annalen, 1894, 281, 349). It yields homo- 
camphoric acid on prolonged hydrolysis with 
alkali. Alkyl derivatives of camphor, a-methyl- 
camphor, m.p. 38°, [a]j, +30°, are prepared by the 
action of aUiyl halides on sodiocamphor or by 
heating the alkyl camphorcarboxylic acids; 
dialkyl derivatives have also been described 
(Haller and Bauer, Ann. Chim. 1917, [i.v]; 8, 
117 ; Haller and Louvrier, ibid. 1918, [ix], 9, 
190). By the action of amyl formate on sodio- 
camphor, Bishop, Claisen, and Sinclair (Annalen, 
1894, 281, 330), prepared hydroxymethyhne- 
camphor, m.p. 81°. The structure of this sub- 
stance has been discussed by Pope and Read 
(J.C.S. 1909, 95, 175), and by Singh and Bhad- 
uri (J. Indian Chem.' Soo. 1930, 7, 771). It 
condenses readily with bases to give products of 
the general formula (XVI) from which the base 
can bo regenerated by the action of bromine 
(Pope and Read, J.C.S. 1912, 101, 2337 ; 1913, 
103, -144). By the action of acetyl chloride or 


CO 


CsHh, 


CiCHNRa 

XVI. 


CO 



C:C(OH)Me 

XVII. 


acetic anhydride onsodiocamphor, acelylcampJior, 
b.p. 118°-118-5°/ll-2 mm., has been prepared 
which probably consists mainly of the enolic 
form (XVII). Benzoylcamphor has been obtained 
in both enolic and ketonic forms (I’orster, J.C.S. 
1901, 79, 991 ; 1903, 83, 98). These mutarotate 
in solution, enolic form m.p. 89-5°, [a]D+331°, 
ke to form m.p. 112°, [a']^+152°, a final value 
faJi>+258°, in alcohol (Lowry, MacConkey, and 
Burgess, ibid. 1928, 1333). 

Derivatives of Camphor. 

System of numbering : 


SC 10 



9 |7 8 

C— C— C 


C C C a 

5 4 3 


Camphoroxime, d- and 1-, m.p. 119°, [o]p 
—42-40°, +41-7°; dl-, m.p. 118°, is most readily 
prepared by the method of Auwers (Ber. 1899, 
22, 605). It can be hydrolysed to camphor with 
formaldehyde and hydrochloric acid (Lapworth, 
J.C.S. 1907, 91, 1*132). When reduced with 
sodium and alcohol a mixture of bornylamine, 
m.p. 163°, [a]j, +45-5°, and nQobomylamine, 
m.p. 183°, [o]d -43-7°, is obtained (Leuokart 
and Bach, Ber. 1887, 20, 111 ; Forster, J.C.S. 
1898, 73, 370 ; Konovalov, J. Russ. Phys. 
Chem. 1901, 33, 46). When camphoroxime is 
digested with mineral acids or acid chlorides it 
undergoes the Beckmann rearrangement and 
gives a mixture of a-campholenonitrile, a- 
campholonoamide, a-campholenic acid, /J-cam- 
pholenonitrile, )S - campholenoaraide, /S - cam- 
pholenic acid, and dihydro-|S-campholenolactone, 
depending upon the conditions used (Naegeli, 
Ber. 1884; 17, 805 ; Goldschmidt and Schmidt, 
ibid. 2071 ; Tiemann, ibid. 1896, 29, 3007 ; 
1897, 30, 243, 328 ; Behai, Bull. Soc. chim. 
1895, 13, 837 ; Konovalov, J. Russ. Phys. 
Chem. 1901, 33, 46). The primary product of 
the reaction is a-camphohnonilrile (I), b.p. 
226°-227°, [a]i, +7-3°, which can be hydrolysed 
through the amide, m.p. 130-5°, [a]i, —4-9°, to 
the acid, b.p. 142°-144°/10 mm., [a]p +9-37°. 
a-Campholenonitrile readily isomerises when 
heated with mineral acids to P-campholenonitrile 
(II), b.p. 225° amide, m.p. 86°, acid, m.p. 52°. 
Both acids lose carbon dioxide when heated to 
give the hydrocarbon, campholene (HI), b.p. 
134°/758 mm., d^°'‘ 0-8039, 1-4466. 


HC=CMe 

1 

CMea CN 

HX— CH CH„ 

I. 


H,C— CMe, 

1 

CMe CN 
II I 

HjC— C CHj 

II. 
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III. 

The structures of these acids have beea proved 
by their degradation (Tiemann, Bcr. 1895, 
2170 j 1896, 29, 529, 3014, 3023 ; 1897, 30, 
405). 

When camphor is fused with alkali it gives 
mixture of campholte acid, d- and 1*, m.p. 106* 
107°, dl; m.p. 109°, and isocampAo/ic acid, the 
latter being difficult to purify (Delalande, Ann. 
Chim. 1841, [lu], 1, 120). Camphohe aoid must 
be represented by (IV) since it has been prepared 
by Haller and Blanc (Compt. rend. 1900, 130, 
376) from a-campholide (V). 


HjC— CMe— CO 
I CMe, 

H,C— CH CH, 

V. 


H,C— CMeCO,H 
CMe, 

I I 

H,C— CH CH.Br 


H,C— CMeCOjH 

11 

— i* CMe, 

I I 

H,C-CH'Me 
IV. 

iroCamphohe acid has been shonm by ton 
Braun and Heymons (Ber. 1928. 61, 3276) to 
be dihydro a campholeiuc acid (VI). 

H,C— CHMe 

! ^Me, CO.H 

1 I 

H,C— CH CH, 

VI. 

Halogen Derivatives of Camphor. 

The direct chlorination of camphor causes 
substitution on the U'Carbon atom, the mono- 
substitution products existing in two stereo- 
isoraeric forms. The two o- .and a'-ehloro- 
tamphors, m.p. 94°, [aJi, +96'2°; m.p. 117°, 
[oJd +35°, were first obtained by Loury and 
Steele. These compounds show mutarotation in 
the presence of alkali (JC.S. 1915, 107, 1382). 
Bromination and nitration of the chloro 
camphors gh e stereoisomeric bromo- and nitro- 
a-chlorocamphora (Lowry, J.C.S. 1898, 73, 669, 
684, 987). By the saturation of an alc^olic 
solution of camphor with chlorine Cazeneave 
(Bull. Soc. chim. 1882, [u], 37, 454) prepared 
aa"-dic)ilorocamphor, m.p. 96°, [a]o -f-57 3*. 

^•(or 10-)Cklorocamphor, m p. 132 6°, [o]d 
- f40 7° (III) was prepared by Forster {J.C.S. 
1902, 81, 272) by the action of chlorine on 
hydroxycamphene (I or II). 


I I I ! 

CMe, I -> ' CMe, j 

H.C CH — CH, H,C CH— CH, 

1. HI. 

C:CH, 

CH OH 

^ I CMe, ' 

H,c — in— CH, 

II. 

w - ChlorocampJior, m p. 129°-129 5°, [0]^ 
+9988°, results when camphor-ir sulphonyl- 
chlonde is heated at 175°-190° (Kipping and 
Pope, Proc. Chem, Soc. 1895. 11, 213). 

air-t)ichh>roeamphor, m.p. 118°-il8‘5*, is 
prepared in a similar manner from a.chloro 
camphor*>r- sulphonyl chloride. 

a-Bromocamphor, ra.ji. 76“-77° {dl-, m.p. 51 1°), 
[o]p +117-1°, IS obtained by the addition of 
bromine to camphor at 100° (Armstrong and 
Mathews, Cbem. News, 1878, 73, 4 ; Kippmg 
and Pope, J.CS. 1893, 63, 676 ; Marsh, 

1890, 57, 828). The isomeric, a' bmnocamphor, 
m.p. 78°, [a],,,] —40®, was first desenbed by 
Lowry, Steele, and Burgess (J.C.S. 1922, 181, 
633). These substances show mutarotation m 
solution in the presence of alkali (Kippmg, 
Proc. Chem. Soc. 1905, 21, 124). 

P-Bromocamphor, m.p. 78°, [ajp +19 1°, can 
be prepared from hy^oxycamphene (Fonter, 

J.C.S. 1902, 81, 267) or by heating canphot-jB- 
sulpbonylbromide (Armstrong and Lowry, 
J.CS. 1902, 81, 1469) (see, however, Lipp and 
Lausberg, Annalen, 1924, 436, 274). 
tr-Bromocamphor, two forms, m p. 60°“€3°and 
14° respectively, [o]^ +11601°, is prepared 
I a similar manner to its cUoro-anatogue 
(Kippmg and Pope, J C.S. 1895, 67, 382). 

I'-Dibromocamphor, m.p. 61°, [o]j) +39 2°, 
be obtained by brominating a-bromocam- 
phor; up dtbromocamphor, m.p. 214°, fajjm 
+ 127°, from a - bromocamphor • jS - sulphonyl- 
bromide (Armstrong and Lowiy, J.C.S. 1902, 
81, 1451). 

a'p-Dthromocamphor, m.p. 136°, [aljjd +85* 
(Burgess and Lowry, J.C.S. 1923, 123, 1873) i 
atr dxbnmocamphoT, m.p. 153°, [0]^ +128 2° are 
obtained in a similar manner to the chloro 
derivatives (Kipping and Pope, Proc. Chem. 
Soc. 1895, 11, 213). Two isomeric tribromo- 
iphora, aa'P tnhfomo, m p. 63*-64°, [aJu +2 , 
and aaiT’tnbromo , m.p. 69°— 70°, haie been 
desenbed (Lapworth, J.CiJ. 1899, 75, 574). 
•lodocampkor, m.p. 43°-44°, [a]^ +160 42°, 

; prepared by Haller (Compt. rend. 1875, 80, 

695 ; 1878, 87, 695, 843, 925) by the action of 
lodme on sodiocamphor, whilst ea'-di itxlo 
camphor, m p. 108°-I09°, [ajp +28°, results from 
the action of iodine on hydroxymethylene 
camphor in the presence of alkah (Bruhl, Ber. 
1904, 37, 2158). 
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Nitrocamphor. 

a-Xilrocampkor, m.p. 102°, cannot be prepared 
))y the direct action of nitric acid on camphor. 
It is, however, readily obtained when the halo- 
genated nitrocamphors are reduced. It is pre- 
pared most conveniently by the reduction of 
a-hromo-a'-nitrocamphor with an alcoholic solu- 
tion of sodium ethoxide, the yield being 
50% (Lowiy and Steele, J.C.S. 1915, 107, 
1038). In solution a'-nitrocamphor (I) shows 
mutarotation (Loway, J.C.S. 1899, 75, 211), the 
initial value in benzene, [a]j, —214°, falling to 
—104°. This change is due to its conversion 
into the pseudo-form (II). Pseudonitrocamphor 
has not been isolated, but its salts are known. 
When an aqueous solution of o'-nitrocamphor 
is evaporated it j’ields the anhydride of psettdo- 
nilrocamphor, m.p. 193“ (HI). 

H„C CMe— CO 

I 

' CMe., , 

I “ . 

HjC CH CHNOo 

I. 

H,C CMe— CO 

1 

CMe« I 

i I * ' 

H„C CH C;N 02 H 

II. 

HjC CMe— CO OC — CMe— CH, 

I I 

CMe, ■ O O CMe, 

^ ' I ■ t t I ■ 

H.,C CH C:N-0-N.C— CH CH.^ 

III. 

On reduction with sodium amalgam or with 
zinc dust in acetic aciil, a'-nitrocaraplior gives 
a'-aminocamphor, m.p. 110°-114°, b.p. 24G'4° 
(SchilT, Bcr. 1880, 13, 1404 ; Kachler and Spitzer 
Monatsh. 1880,34, 567) from which by reduction 
with sodium and alcohol aminohorneol, m.p. 187°, 
is obtained (Duden and McIntyre, Bor. 1898, 
31, 1902, 1900, 33, 481). The reactions of this 
base have been studied by Forster and his col- 
laborators (J.C.S. 1905, 87, 110, 712, 826 j 1909, 
2057 ; 1914, 105, 2770). "With nitrous acid 
a'-aminocamphor gives diazocampJior, m.p. 73° 
(IV) (Schiff, Ber. 1886, 14, 1373), which when 
heated with water passes into P-pericycIo- 
camphanone (V), m.p. 1GS°-170° (Bredt and 
Holz, J. pr. Chem. 1917, 95, 133). 

H,C CMe^CO H,C CMe-CO I 


I oxime and later by Forster and Howard (J.C.S. 
1 1913, 103, 63) by the action of ammonia on 
^-bromocamphor. It yields a mixture of two iso- 
meric oximes and two isomeric semicarbazones. 
The Camphor Sulphonic Acids. 

Camphor ^-sulphonic acid (Reychler’s acid), 
m.p. 192°-193°, is readily prepared by the action 
of sulphuric acid on camphor in acetic anhydride 
solution (Reychler, Bull. Soc. chim. 1898, [iii], 
19, 120). Its constitution has been determined 
by Wedekind, Schenk and Stiisser (Ber. 1923, 
56, [B], 640 ; c/. Armstrong and Lowry, J.C.S. 
1902, 81, 1444 ; Burgess and Lowry, ibid. 1925, 
127, 271 ; Bredt, Rochusson, and Heusch, Ber. 
1902, 35, 1290 (footnote) ; Lipp and Lausberg, 
Annalen, 1924, 436, 274). Its salts show muta- 
rotation (Schreiber and Shrlner, J. Amer. Chem. 
Soc. 1935, 57, 1306, 1445, 1896 ; Sutherland and 
Shriner, ibid. 1936, 58, 62). The resolution of 
the rfl-acid into its optically active enantio- 
morphs has been studied by Burgess and 
Gibson (J.S.C.I. 1925, 44, 296). 

dl-Oamphor ■n-sidphonic acid, acid chloride, 
m.p. 105-5°-106-6° ; amide, m.p. 133-5°-136-5°, 
is obtained when camphor is treated with 
fuming sulphuric acid, the camphor being 
racemised (Kippbig and Pope, J.C.S. 1893, 63, 
549 ; 1895, 67, 357). It can be separated into 
the d- and 1-forms by strychnine (Pope and 
Read, J.C.S. 1910, 97, 992). 

The Hydroxycamphors. 

a-( 0 T 3-)Hydroxycamphor (II), d-, m.p. 197°- 
198°, [a]]j -)-17-3°, semicarhazone, m.p. 183°-184°; 
dl; m.p. 200°, semicarhazone, m.p. 182°-183°, 
was prepared by Jlanasse (Ber. 1897, 30, 
659) by the reduction of camphor- quinone (1) 
with zinc dust in acetic acid solution, when it 
is found in admi.vtiirc with a second hydro.vy 
ketone, hydruxyepicamphor (III). Later a- 
hydroxycamphor was obtained by Lapworth 
and Chapman (J.C.S. 1901, 79, 384) by heating 
hydroxycamphorcarbo.xylic acid (IV). The 
constitution of Manasse’s two hydroxycamphors 
was subsequently investigated by Karrer and 
Takashima (Hciv. Chim. Acta, 1925, 8, 2112), 
Forster and Shukla (J.C.S. 1925, 127, 1885), 
and by Bredt and his collaborators (J. pr. Chem. 
1926, [ii], 112, 273 ; 1929, [ii], 121, 153 ; 1931, 
[ii], 131, 49 ; Ber. 1929, 62, [B], 2314). 

HjC — CMe— CH-OH HjC — CMe— CO 


1 I 

HjC CH CO . HX— CH CO 

111 . ■ 1 . 

H„C — CMe— CO 


, CMe, • 

I , yN 

H,C CH — 'Cy II 

IV. 


CMe, 



P-Ami)iocamphor, m.p. 81°, was prepared by 
Ticmann (Ber. 1895, 28, 1082 ; 1897, 30, 321) 
by the action of hydrogen iodide on camphor-' 


, CMe, 

H ,C C H C H O H 

II. 

HjC — CMe— CO 
CMe, 

‘ I 

H„C — CH C(0H)C02H 

IV. 
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i-Eydroxycamphor, in.p. 250®, Bemicarhatone, 
m.p. 236*-'238“, was prepared by Houben and 
Pfantnch (Annalcn, 1931, 489, 192) from 4 
ammocamphor. 

5-lIydTOxycamp7ioT,a.p 216®-217*,[a)n+38 9*, 
is excreted m admixture with 3- and » hjdroxj • 
camphors in the nnne of dogs fed on a diet 
containing camphor (Schmiedeberg and Mejer, 
Z. physioL Chem. 1879, 3, 422 ; ilagnus-Levy, 
Biochem. Z. 1907, 2, 319 ; Asahma and Zshii&te, 
Ber. 1928, 61. [B], 653 ; 1193, 64, fB], 188 . 

1933, 66, [B], 1673 ; 1935, 68, [B], 947 . 

Bemartz and Zanke, ibid. 1935, 68, [B], 618). 
5-Hydroiycamphor (I) can be prepared by 
the hydr^enation of p-di(etoeampAane (11) 
(Reinartz and Zanke, Ber. 1934, 67, [B], ^8) 
and from P-pencjcloeamphanone by treatment 
with trichloroacetic and aulphnnc aads at ' 
150®— 160* followed ty hydrolysis of the 5-tri 
chloroacetyl derivative with alkali (Takenchi, 
Sci. Papers, Inst. Phys. Chem. Rea. Tokyo, 

1934, 23, 288). 


H.C- 


-CMe— CO 
I 1 
CMe, , 


H.C — CMe— CO 

I 


-CH— 

II. 


CMe, 

CH, HO HC CH — CH, 

I. 


lO-^ydfoxyeampAof (I),m.p 220*,(«)|,+48(r, 
has been prepar^ by Aaaoma and Ishidate 
(Ber. 1934, 67, [B], 1202) by the redoctioo of tbe 
Btmiearliatont of mtihyl keioptnate (□) with 
sodium and alcohol. The resulting aemi* 
carbaBone, m p. 200®, giving on hydrolysis the 
hydrozyketone. On oxidation with chromic 
acid the Lito alddtydi (III), m.p. 211®-213®, is 
obtained. 


CO, Me 

H.C — C CO 

I 

I CMe, 
-CH— CH, 


H,C- 


CHjOH 

_C CO 

CMe,| 

I ‘ 

-CH— CH, 


II. 


CHO 

H,C — -C CO 

1 I 

CMe, 

H,C CH— CH, 

UI. 

n-Eydroxycamphors, etB , m.p. 233®-234", (aj, 
+40 68®, aemjear6arofle, m.p. 216®-217® ; traju-, 
m.p. 233®, [a]p +62 2®, Bemtearbazone, m p. , 
224®-225®, have been prepared by Asahina and . 
Ishidate (Ber. 1934, 67, [B], 74) by theredactiOD 
with sodium and alcohol of the semicarbazonea of , 
CIS- and trona-methyl w.flj>ocamphor-7.carboxy- 
late. On oxidation they yield the co r re s pondi^ ; 
ktlc-aldthydts, m.p. 205® and 195*-196® respec-| 
lively. I 


The KetO'Camphors, 

Camphorquinone (H), m.p. 198®, [o]j, —105 4®, 
oystailises in golden yellow needles. It was 
firat prepared by the hydrolysis of its monoxlme, 
uonitroBocamphOT (I), which is formed when 
sodiocamphor is treated with taoamyl nitnte 
(Claisen and Slanasse, Annalen, 1893, 274, 530 ; 
Rope and Splittger^r, Ber. 1907, 40, 4313). 
•wNitrosocamphor is obtamed also by the action 
of nitrous aad on campfaorcarboxyhc add (Oddo, 
Gazzetta, 1893, 23, 187) and by the action of 
isoamyl mtnte on a*bromocamphor (Clarke, 
Lapworth, and Wechsler, J.C.S. 1908, 93, 40). 
H,C — CMe— CO H.C CMe— CO 

I i I I < I 

CMe, CMe, 

111 III 

H,C — CH C:NOH H.C CH — CO 


I. 


n. 


H,C CMeCOjH 

I CMe, 

H,C CH-COjH 

in. 

The hydrolysis is most readily carried ont by 
digestion with formaldehyde and hydrochloric 
acid (Upworth, J.CB. 1907, 91, 1134). Cam- 
phorqmsone is, however, most coDTemently pre 
pared by the oxidation of camphor in acetic 
anhydride solntionwitb aelemum mozfde (Brans, 
Rk^os, and Simonsen, J.CJ3. 1934. 137). The 
constitution of camphorquinone is proved by its 
oxidation with hydrogen peroxide to camphone 
acid (III) (Forster and Holmes, J.C.S. 1903, 93, 
252), a nng fission which occun also by digestion 
with alcoholic potassium hydroxide solution 
(Claisen and hlanasse, he.). On rednetion snth 
zmc dost and acetic acid or with alnmininm 
amalgam a mixtore of bydroxycamphor and 
bydroxyepicamphor is obtained (see ebon}. 
Bedoction of this nuxtoro with sodiom and 
alcohol gives camphor glycol, m.p. 230°-231®, 
(aJp+12-3®. 

On bromination camphorqninone gives a 
J37®-338®. and 

a fnbromxde, C^gH^jOgBr,, m.p. 197®-198® 
(Manasse and Samnel. Ber. 1897, 30, 3160). 
These bromides have been shown by Evans, 
Simonsen, and Bhagvat (J.CB. 1934, 444), to 
have the lactone structures represented by (IV) 
and (V) respectively, 

H,C CO C CH,Br 



I I 

H,C CBr— ( 
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When dissolved in concentrated sulphuric acid 
camphorquinone gives a keto-acid, CioH 16®3 
(Manasse and Samuel, Ber. 1897, 30, 3157 ; 
1902, 35, 3831) -svhich has been shown to 
be d-2: 2 : 34rimethylcyclohexan-4:-one-l -carboxylic 
acid (VI) (Gibson and Simonsen, J.C.S. 1925, 127, 

HjC — CO — CHMe 


H,C — CH — CMe, 

I 

COjH 

VI. 

1295 ; Bhagvat and Simonsen, ibid. 1927, 79 ; 
Bredt-Savolsberg, Zaunbrecher, and ICnieke, 
Ber. 1927, 60, 1801). On fusion with alkali 
camphorquinone yields the semi-aldehyde of 
camphoric acid, m.p. 76°-78°, [o]d +103-01° 
(Bredt, J. pr. Chem. 1917, 95, 63). Camphor- 
quinone can give rise to four monoximes, which 
are respectively isonitrosocamphors and iso- 
nitrosepicamphors. These, together with the 
related dioximes, have been prepared by Forster 
and his collaborators {inter al., Forster, J.C.S. 
1913, 103, 662) ; the configurations assigned to 
them require modification in the light of more 
recent investigations (Taylor, J.C.S. 1931, 2021 ; 
Meisenheimer and Theilacker, Annalen, 1932, 
493, 33). The melting-points and rotatory 
powers of these oximes and dioximes are given 
in the following table : 



M.p. 

Wo 

a-i«oNitrosocaniphor« 

. 152° 

196-6° 

p- 

. 114° 

172-9° 

a-isoNitrosoepicamphor . 

. 170° 

-200-1° 

P- 

. 137° 

-179-4° 

a-Dioxime 

. 201° 

-63-6° 

P- 

. 248° 

-24-1° 

y 

. 136° 

-1-22-4° 

8- 

. 199° 

-1-75-5° 


methyl ester of (I) at 280°-300°. It can be 
hydrolysed to the parent acid. 

HO.C HCMe— CO 

^ I 

1 CMe^ 

HjC CH CHa 

I. 

Camphoric Acid. 

Camphoric acid has been prepared in four 
stereoisomeric forms, the melting-points and 
rotatory powers being given in the table below : 



M.p. 

Wo 

d-Camphoric acid 

. 187° 

-1-47-8 

1- ,, ,, • . 

187° 

-47-8 

dl- „ • 

. 202°-203° 

— 

d-isoCamphoric acid . 

. 171°-172° 

-47-r 

1- „ „ . 

. 171°-172° 

-1-47-1 

dl- „ „ . 

. 191° 

— 


d-Camphoric acid, which has the cis-con- 
figuration, is obtained by the oxidation of 
d-camphor and is isomerised to d-tsocamphoric 
acid by heating with water at 200°-220° (Jung- 
fleisch, Ber. 1873, 6, 680), by heating with hydro- 
ehloric acid at 150°-160° (Wreden, Annalen, 
1872, 163, 328) and by fusion with potassium 
hydroxide (Mahla and Tiemann, Ber. 1895, 28, 
215). The two acids are readily separated by 
treatment with acetyl chloride when d-camphorio 
acid yields the anhydride, m.p. 220°-221° 
(Aschan, Ber. 1874, 27, 2001 ; Annalen, 1901, 
316, 209). The synthesis and the proof of the 
structure of camphoric acid has been given 
above. 

Reduction of camphoric anhydride with 
sodium amalgam (Haller, Bull. Soo. chim. 1896, 
[iii], 7, 984) or catalytically (Rupe and Jaggi, 
Helv. Chim. Acta, 1920 3, 654) gives a-cam- 
pJiolide, whilst reduction of jS-methyl hydrogen 
camphorate gives B-campholide, m.p. 218°- 
220 °: 


The isomeric semicarbazones, hydrazones, and 
phenylhydrazones have also been studied by 
Forster and his collaborators {inter al.. J.C.S. 
1910, 97, 2156 ; 1914, 105, 1718). The bis- 
imino-derivatives of camphor have very high 
rotatory powers, thus p-phenylenebisimino- 
camphor has [a]p -1-1509° giving a molecular 
rotatorj' power of 6096° (Forster and Thornley, 
J.C.S. 1909, 95, 942 ; Forster and Spinner, 
ibid. 1919, 115, 891 ; Singh, ibid. 1920, 117, 
1599 : 1921, 119, 1972). 

p-Dikctocamphane {5-ketocamphor), m.p. 
206-5°-207°, [a]i, -H03-42°, disemicarbazone, 
m.p. above 262°, is obtained by the oxidation 
of 5-hydroxycamphor (Bredt and Goeb, J. pr. 
Chem. 1921, [ii], 101, 273) or bj' the oxidation of 
camphor by chromic acid in acetic acid solution 
(Bredt. ibid. 1923, [ii], 106, 336). The reactions 
of this diketono have been studied by Asahina 
and Ishidatc (Ber. 1934, 67, [B] 440). 

O-Kctocamphor, m.p. 194°-195°, dioxime, m.p. 
241°-242°, disemicarbazone, m.p. 228°, was pre- 
pared by 3Ii3-nke and Watanabe (Proc. Imp. 
Acad. Tokj’o, 1935, 11, 322) bj' heating the 


H^C- 


HaC- 


-CMeCH, 

I \ 

CMe, O 


-CHCO 


Being unsymmetrical camphoric acid gives 
two hydrogen esters, the a-(or ortho-) eaters (I) 
{a-methyl hydrogen camphorate, m.p. 77°) and the 
P- (or alio-) esters (II) {P-methyl hydrogen cam- 
phorate, m.p. 86°-87°). The structures of these 
esters have been rigidly proved (Walker, J.C.S. 


HjC — CMeCO,H 

1 

CMe, 

H„C— CH-COjR 
I. 


H,C CMe-CO,R 

I 

CMe, 

1 

HjC — CHCOjH 
II. 


1892, 61, 1093 ; 1893, 63, 415 ; Walker and 
Henderson, ibid. 1895, 67, 337 ; Blanc, BuU. 
Soc. chim. 1899, [iii], 21, 716 ; Bruhl and 
Braunschweig, Ber. 1892, 25, 1086). 
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Two moioamities ha\e been prepareJ, o-, 
m p. 17G'’-177‘’, by the action of ammonia on 
the anhydride and , m.p. 182°-1S3% by treat- 
ing eamphorimide, m.p. 243°-244®, with dilute 
sodium hj'droxide. Camphonmidc is readily 
obtained by heating the a amide or by passing 
ammonia into the molten anhjdnde. 

Camphonc acid is extremclj stable to oxidisu^ 
agents On prolonged heating with nitric acid 
it gives camphoronicacid, whilst with potassram 
permanganate in alkabne solution Balbiano’s 
acid 13 obtained, which has been shown bj 
Bardban (J.C S. 1928, 2604) to be represented 

H,C CMe, 

! I 

{ CMe 

I [l 

HjC C COjH 

IV. 


by (HI). 
CHMe COjH 

<iMe, 

I 

CO COjH 
III. 


and Hoerlin, tbid. 1893, 26, 812 i 1804, 27, 
3466; Perkin, J C.S. 1893, 73. 79S ; 1901. 
83, 8^). This acid has been shown by Lewis 
and Simonsen (J C.S. 1937, 457) to have the 
structure (IX). On fusion with potassium 
hydroxide it gives a camph^hc aeid (X), 
mp. 148®, and fi-camphjhc acid (XI), mp. 
105“— 106* (Lewis and Simonsen, J.C S. 1936, 
734). 


HO.S CH — CMe, 

I I 

I CMe 
I II 

CHj— C CO^H 
IX. 


HC^CMe 

I 

CMe, 

I 

HC^CCOjH 

X. 


-CMe, 

CMe 


With aluminium chloride camphoric .itid gives 
holauronolif aeid (I\’) aii<l four isomeric I 
ftydrary . 1 3 dimcMylc>clo/iexff» • 4 enTbort/ltc 
aeida (V) (Lees uiul Perkin, JC'! 1901, 79, 
332 I Perkin and Yates, tbid. 1373) On treat 
jnent with chlorine or bromine c.Tmphonc acid 

S ues the corresponding sionosuWitiitcd an 
ydrides, a chlorocampnoric ankijdndi, mp 
2J3*-235“, and a broinocamphoric anhydndt. 
Both these anhjdrulcs give on digestion with 
w ntcr Of with alkali the lactonic acid, tamphamc 
acid (VI). Two other inonobromo acids are 
known, bromocamphonc acid, m p 209“-210®, 

H,C— CMe CO H,C— C(CH,Br)CO,H 


HC — C CO,H 
XJ. 

The following acids lias o been prepared from 
camphonc acid by elimmation of one of the 
carboxyl groups 

a Cam^idpfie acid (XII). b p 240®-243*, 
amide, ro p. 103®, wa« prepared by WalLer 
<J C S 1893, 63, 493) by the electrolysis of the 
sodium salt of a-cthyl bjdrogen camphorate 
(XIII) It has been prepared also by Noyes 


I, CMe. 

II 

H,C— CCOjH 


, I 

CMsu 

I I 

HjC— CH CO,H 

VII. 


H,C CMe CO,H 

1 I 

1 CMeCH.Br 

I I 

H,C — CH CO,H 

viir. 

(VJI) prepared by .Armstrong .ind Loii/j fJ.C.S. 
1902, 81, 1467) by the oxidation of ^bromo- 
camphor and the w bromo-acid, m.p. 216®-217®, 
(VllI), obtained by the oxidation of av^Ji 
bromocatuphor (Kipping, J.C.S. 1898, 69. D13). 

By treatment of camphoric acid with con- 
centrated sulphunc acid sulpkocampkylie aad, 
C,H,40{S, is obtained (^^alte^. Ann. Chim. 
1843,(111), 9, 179 ; Kaehler, Annalen, 1873,189. 
179 ; Damsky, Bor. 1887, 20, 2950 ; Koenigs 


H,C- CMe-CO.Na 

I I 

I CMe, 

I I 

H,C— CH COjEt 
XIII. 


H.C— CMe, 

I 

CMe 

H,C~C COjH 
XIV. 


HC^CMe 

I (^Me, 

HjC-Ah co,h 

XII. 

H,C-CMe, 

i I 

CMe 

I I! 

H,C— CH 
XV. 


(iVmer. Chem. J. 1894, 16, 500 ; 1895, 17, 424 ; 
1902, 24, 290 ; Noyes and Potter. J. Amer. 
Chern. Soc. 1902. 34, 1067). It was synthesised 
bj' Perkin and Thoipe (J.C S. 1904, 85, 147) 
from a campholactone. Its nio-'t characteristic 
reaction is it« isomeniation to itolauronohe acid 
(XIV), ni p 1.J5 , b\ the attion of cold concen- 
trate>i sul^iuric acid or by w-arniing with the 
dilute acid This acid, known also as ^-cam- 
pholytic acid and isocampholvtic acid, was first 
obtained by Walker (J.C.S. 1893, 63, 501) ns a 
by product in the clcctTolysis of the sodium salt 
ofo-eth}] hydrogen camphorate (XIII). 
ence has been made above to its formation by 
the action of aluminum chloride on camphonc 
aciiL ^Ihcn treated with hjdrobromic acid it 
gives the hydrobromide of a camphol3bc 
arid. When laolauronolic acid is heated at 300 
it gives the hjdrocnrbou isolaurolcne (Xt), 
bp. 103 5®/7o8 mm.. 0 7867, n” 1-4333 
(Blanc, Bull. Soc. (him 1898, (lu]. 19. 200: 
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Ann. C'liini. 1899, [vii], 18. 21.5 ; Compt. rend. 
1906, 142, 1085). 

Camphonentc acid {y-lauronolic acid), m.p. 
15d°-lB6° (XVI), was first prepared by the 
action of nitrous acid on aminocamphonanic acid 
(XVII) (Noyes, Ber. 1895, 28, 583 ; Amer. 
Chem. J. 1894, 16, 508 ; 1895, 17, 433), but it is 
obtained most readily by heating dehydrocam- 
phoric acid (XVIII). , 

HjC— CMe-COjH HgC— CMe-COaH 

CMe, 

1 

HC=CH 
XVI. 

HgC— CMeCOjH 


CMe, 


H,C— CH-NH, 


HNO, 


XIHI. 


CMe, 


HC=C'COjH 

XVHI. 


Lauroknic acid (originally called lauronolic 
acid, Fittig and IVoringcr, Annalcn, 1885, 227, 1), 
m.p. 13°, b.p. 135°-135-6°;i4-5 mm. (XIX), is 
most readily prepared by heating a-chloro- 
caraphoric anhydride with water or with sodium 
carbonate solution (Bredt and Amann, J. pr. 
Chem, 1913, [ii], 87, 12 ; Aschan, Ber. 1894, 27, 
3540). It has been prepared also bj' other 

H,C— CMe-CO,H 

I I 

CMe 


HjC— CMe I 

XIX. 1 

reactions and the structure now assigned to it 
was suggested by Lapworth (Brit. Assoc. Re- 
ports, 1900, 327 ; L.npworth and Linton, J.C.S. 
1901, 79, 1284). J. L. S. 

CAMPHOR, ESSENTIAL OIL OF. 
Camphor oil is distilled from all parts of the 
camphor tree, Cinnainomum cataphora Nees and 
Eberm. (Earn. Lauracea!), which is indigenous to 
China and Japan. It has been cultivated in 
India, Ce 3 'lon, Java, the Malay Archipelago, 
Australia, east and south Itaty, Algiers, 
California, Florida, the AVest Indies and 
Maprilius. The tree grows to a height of 
60-100 ft. In Japan and Formosa it is chieflj' 
distilled for the production of camphor, and 
70% of the world’s suppl.y is obtained from this 
.source. Camphor oil is a by-product after the 
c.xtraction of camphor and safrole, which arc 
separated by fractional distillation and freezing. 
Oil from the leave.s is rich in camphor, and a 
continuous supplj' is available. Oil from the 
wood and root contains more safrol. The crude 
camphor oil has sp.gr. 0-950-0'990, and j-ields 
two products on fractional distillation — white 
camphor oil (sp.gr. 0-S76-0’900) consisting 
of the lower boiling fractions, and brown 
camphor oil (sp.gr. 1-018-1-026) containing 
25-35% of safrole. 

Constituents . — In addition to camphor and 
•safrole, d-o-pinenc, )3-pinene, d-limonene, d- 
fcnchene, phcli.andrcne.cineolc, borncol, tcrpincol. 


citronellol, cuminol and small quantities of 
geraniol and linalol have been isolated. Piperi- 
tone, carvacrol, eugenol, ethylguaiacol, limene, 
cadinene, a-camphorene, and traces of esters 
have also been found. 

Characters . — Camphor oil has sp.gr. 0'875- 

0- 900 at 15-5°, +9° to -(-24°, ji'd 1-465- 

1- 470. Contains about 35% of cineole. This 
oil is used in medicine as a mild counter- 
irritant for rheumatism. Brown camphor oil 
is chiefly used as a source of safrole. C. T. B. 

CAMPHOR, SYNTHETIC. Synthetic 
camphor, as it is usually knewn, cannot be 
regarded as suitablj' named ,- since the commercial 
product is derived from a naturally occurring 
substance, pinene, which possesses the same 
number of carbon atoms in the molecule and has 
never been completely synthesised. True syn- 
thetic camphor is known but only as a laboratory 
preparation. In conjunction with the growth 
of the celluloid industrj-, in which camphor is 
chiefly used, camphor manufacture has de- 
veloped on an increasing scale, for although in 
the earlj' days of the celluloid industry sufficient 
natural camphor was available, the use of 
s.vnthetio camphor predominates at the present 
day. Synthetic camphor has been made on an 
industrial scale since the beginning of this cen- 
turj', but its importance was first realised at the 
time of the Russo-Japanese M’ar of 1904^-1908, 
when natural camphor became scarce and prices 
rose to very high levels. Commercial synthetic 
camphor, originally made in Germany, has since 
been made also in England, the U.S.A., France, 
ttalj’, Switzerland, Spain, and the U.S.S.R. 

Raw Materials. 

The chief raw material is pinene, which is 
obtained from the oleo-resin of pine trees, oil 
of turpentine consisting principally of a- and 
j8-pinene. For the purposes of camphor manu- 
facture a raw material containing a high pro- 
portion of pinene is essential, and although most 
of the types of pines commerciallj'' exploited 
for turpentine yield a suitable essence, certain 
varieties do not ; Indian turpentine, for instance, 
from Finns longifolia, contains only 35% of 
pinene. Greek, Spanish, and Portuguese tur- 
pentines give an oil containing about 90% of 
a-pinene, with very little )3-pinene. French and 
American turpentine, on the other hand, con- 
tain 90% of pinene, of which 30% is /9-pinene 
and the remainder a-pinene. a- and ^-Pinene 
arc both suitable ns sources of camphor, although 
in some processes jS-pinene is more reactive 
and gives higher a-ields of camphor than a-pinene. 

Another source of pinene is from steam- 
distilled wood Uu-pentine, an industry developed 
in the U.S.A. in recent years. Pine stumps from 
cut-over lands are shredded and steam-treated, 
liberating rosin, pine oil, and steam-distilled 
wood turpentine, the latter containing about 
70% a-pinene, together with dipentene, ter- 
pineno, etc. By fractional distillation a grade 
of a-pinene is obtained which is claimed to be 
pinene. Previously wood turpentine, pre- 
pared by destructive distillation, -wjis very low- 
in pinene content, and contained in addition 
objectionable by-products from the pyrolysis 
of the w-ood and rosin. 
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Substitutes are available for torpentioe in wbich is then oxidised to campbor. The pro 
many of its uses, but it is irreplaceable as a raw cesses which have been developed arerepresented 
material for camphor manufacture. It is, in the following scheme : 
therefore, important to note that there is no 
source of turpentine in this country. The 
Scotch fir yields an oil containing pineoe, but 
the chmate is unfavourable for rapid tree growth 
and easy fiow of gum essential for successful 
tuipentme operations. Within the British 
Empire, West Australia is regarded as possessing 
a suitable chmate, but the establishment of pine 
forests would require many years. India con- 
tains, m addition to Ptnws longifotia already 
refen^ to, large tracts of Himalayan BJoe Those methods depending on the formaffoa of 
Pme (PiniM ezcelsa) capable of yielding a high bomyl chloride and camphene, followed by oxida. 
grade of a-pmene, but as yet almost uneiploilcd tion to camphor, either directly or after con- 
owing to the maccessibiLty of the forests. In version of camphene to isoborneol, constitute 
Great Bntam, pinene, or oil of turpentine, as a what may be described as the classical process, 
light hydrocarbon oU, is subject at the present which the firm of Schering, pioneers in large, 
time {1937) to an import duty of 8d. per gallon, scale camphor manufacture, have developed in 
the tax representing about 25% of the total cost Germany This process, with variants, is now 
As pinene is hable to oxidation if exposed to described in some detail, after which the altcrna 
air, storage of tuipentmo has always been a tive processes ate reviewed, 
serious problem. It la the normal practice to Pinene — Bornyl Chloride. — ^The action of 

transport it m wooden barrels lined with glue, hydrogen chloride on pinene yields a crude 
and turpentine so transported can be rehed on prodoct containing principally bornyl chloride, 
to arrive in good condition, without excessive together with by products such as dipentene 
leaiage. When consigned to merchants, the hydroeWonde and fenchyl chloride. This «• 
turpentme is tanked at the docks, aa the barrek action depends on the addition of the elements 
cannot be stored for any length of lime without of hydrogen chJonde to form a tertiary hydro- 
developing leaks. When sold, the tuipentine is chloride, followed by rearrangement of the 
run out into the onginal barrels, but in the molecule. As will be seen from the equations, 
meantime has undergone some oxidation with a the rearrangement may take place either to 
corresponding diminution In pmene content, dipentene bydrochlonde, bornyl chloride, or 
In order to reduce the tendency to discolour, fenchene hydrochloride, the last bemg more 
the tanks are often lined with shellac, discolora- easily Tuualised when the formula for pinene u 
tion being due to attack on the iron by the small written with the cyeiobutane ring reversed, 
quantities of acids produced during atmospheric Fortunately for camphor manufacturera bomyl 
oxidation of the pinene ; but even so deteriora* cblonde predominates, as much as 70% of the 
tion 13 unavoidable and tnrpentme which has pinene being recovered in this form. Fenchene 
been tanked is generally regarded as unsuitable bydrochlonde normally occurs to the extent 
for camphor manufacture. of about S% but may be higher. If oil of 

Gum turpentine may besuppUedingalvanised turpentine is employed it is usually redistilled, 
dnims, but docs not amve in such good con preferably under vacuum, and the pinene dried 
dition as when packed in wooden barrek, the over calcium chloride or quicklime. This du- 
zme coating being slowly attacked. Pmenefrom tiUation removes most of the sesqmterpenes 
steam-distiljed wood turpentine, on the other and other high-boihng impurities, 
band, does not attack galvanised drums ap- The distiU^ pinene m batches ofnot more than 

preciably and may be stored for periods up to 1 Ion is saturated with dry hydrogen chloride 
6 months without apparent detenoratiou if air in I^d-hned or enamelled vessels fitted with 
is excluded. ^ powerful stirrers and hrme jackets. Refrigera- 

The empirical formula! of camphor (CisHi^O) tion is essential to prevent the considerable heat 
and pinene (CjgHji) differ by one oxygen atom, of reaction, causing undue nse in temperature, 
but oxidation of pinene to camphor, although Inthefirststagesofthereactionthetemperature 
claimed in numerous ^tents, is not practicable, is kept at 0®-10®, but later rises to 35% when 
and the comersion has to be earned out by the bomyl chlonde begins to crystallise By this 
indirect methods. The chief difficulties in the time the pinene has absorbed about 22% of its 
conversion of pinene to camphor are due to the weight of hydrogen chloride but subsequently 
high reactivity of pinene, and the fact that none continues to absorb the gas more slowly. ^Vhen 
of Its additive reactions proceeds without the all the pmene has disappeared the gas absorption 
fimultaneous occurrence of side reactions. For is sUli less than one equivalent owing to the fact 
this reason, and also on account of the volatihty that the relatively unstable dipentene hydro* 
of the terpenes, the yield of camphor is not chloride formed in the early stages reacts to 
quantitative, and In comparing various processes some extent with fresh pmene, and thus the 
from an economic atandpoint this is a very finished product may contain free dipentene. 

important factor, pmene being by fat the It is possible to continue the saturation beyond 

largest smgle item in the total coat. this point, but there is no advantage to be gaim^ 

In the majority of processes pinene is treated as the l^myl chloride content cannot be 
with an acid, yielding an ester of bomeol. Thk increased. 

is converted info either bomeol or eampbene. As already mentioned, temperature control w 
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very important, and the temperature should not 
in any case exceed 50°. Very low tempera- 
tures, on the other hand, are .lot necessary, 
and there is evidence that such conditions lead 
to a lowering of yield. There does not appear 
to be any catalyst which increases the yield of 
bomyl chloride, but many substances have an 
adverse effect. Metals, especially iron, have a 
pronounced effect, especially if water is also 
present. In contact with metallic iron, or if 
ferric chloride is added to the pinene, the yield 
of bornyl chloride is so much reduced that the 
product, normally a pale straw colour and semi- 
solid, is a dark reddish liquid ndth an excessively 
high content of hydrogen chloride, the catalyst 
favouring the continued reaction of dipentene 
to the dihydrochloride stage. The use of lead for 
the reaction vessels is permissible owing to the 
formation of an adherent coating of lead 
chloride over the surfaces exposed to the gas, 
but a reduced yield may be expected in the first 
few batches from a new lead-lined pot. 

Water is also found to have a deleterious 
action, but this is not pronounced in the absence 


of other catalysts. The formation of fenchyl 
chloride is said to be more noticeable in the 
presence of water. Precautions are therefore 
taken to dry the pinene and the gas used for 
saturation. It is also necessary to eliminate 
from the pinene those substances which may 
liberate water during the course of the reaction. 
Pinene readily oxidises in the presence of air, 
yielding pinene pero.xide, verbenone, etc., all 
of which are capable of liberating water by 
decomposition. Other oxidation products of 
pinene such ns acetic and formic acids are also 
harmfuL 

An important part of this process is the pre- 
paration of the hydrogen chloride. Synthetic 
hydrogen chloride made by burning chlorine in 
hydrogen is not suitable as it is accompanied by a 
considerable amount of water. In small quanti- 
ties the gas may be prepared by heating commer- 
cial muriatic acid with concentrated sulphuric 
acid, but this is somewhat wasteful. For gene- 
rating a continuous supply of dry gas the Zahn 
process is convenient, in which diy granular rook 
I salt and sulphuric acid are fed in the correct 
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proportions to a cast*iron vesse] containing liquid 
sodium bisulphate mamtamcd at a temperature 
of 320°C. The gas is Lberatcd almost mstaii* 
taneously, leaying sodium bisulphate, which, as 
it accumulates, orerfloas through a dip pipe 
reaching to the bottom of the vessel. The gas, 
which is led off under a slight suction of ^ in. 
water, is of very high quahty (90% or over), and 
after drying by passing up a s^phuric acid tower 
may be pumped directly to the saturators. In 
order to economise m gas these are connected 
in senes, the iresh hatch receiving the residua] 
gas. A small quantity of gas la unabsorbed i 
and IS condensed is a uater'Shsorption tower. 

Unless there is an outlet for the sodium 
bisulphate produced as a by product the Zahn 
process is rather expensive, and in larger iiistal* 
lations a mechanical salt cake furnace (Ind. 
Cbem. 1931, 7, 461) is used aa a source of 
hydrogen chloride, the by-product oeuig readily 
saleable, and a cheaper grade of salt may be 
used as a raw material Un the other hand, the 
salt cake furnace gives a gas contauiing only 
50-60% HCI, the balance being air, and the 
mixture is more difficult to dry. In presence of 
air only about half of the gas is taken up by 
the pinene, and the rest has to be absorb^ u 
water and disposed of. 

Several methods are available for treating 
the product of the reaction between pmene and 
HO. Aa the bomyl chloride crystaUi^s well the 
product may be filtered and more than half of 
the bomyl enlondc recovered m a solid form; tbe 
mother liquor containing about 60% of bomyl 
ehlonde may be treated by any of the following 
methods either singly or m combination 

(1) Refrigeration followed by a second 
filtration. 


(2) Itesaturation with HCI to reduce the solu- 

bility of bomjl chloride m the mother 
Lquor ; followed by filtration. 

(3) Eeatmg to decompose the less stable 

dipentene hydrochloride, followed by 
distillation of the dipentene thus 
formed. 

(4) Oxidation with nitric acid. 

(5) Treatment with sulphuric acid to poly- 

merise the dipentene, follow ed by steam 
distillation of the bomyl chloride. 

None of these methods gi>es the highest 
possible yield and some manufacturers defer 
the sepamtioii of the by products, either by 
passing the whole reaction product forward to 
the next stage of the process, or by a simple 
filtration followed by separate treatment of tlio 
solid and liquid hydruclilondes in tbe next pro 
rcss. The “ solid pinene hydrochloride ’’ pre- 
pare in this way contains about 90% bonijl 
chlonde, and the pure substance can be obtained 
by Teaj-ataVijJitio}}. It is a white crystalbue 
sobd with distmctive odour, m.p. 132®, b p. 207°. 
'Vben pure it is stable at the boiluig point. At 
one time bomyl chlonde was put fonxard as a 
camphor substitute under the name “Artificial 
Camphor,*' but although it has somegelatinumg 
action on lutroceUulose it has ne\er been used 
auccessfully in celluloid manufacture 
I Bornyl Chloride — Camphene. — Bomyl 
! chlonde has tbe same rug etnicture as bomeol 
and camphor, but no commercial process has 
yet been developed for the direct conversion, 
although several patents are in existence. B) 
treating bomyl chlonde with magnesium a 
On^nanl type of compound is obtained which 
ovidises 111 pre'rf'iirp of oxygen and water to give 
bomciil 



Direct oxidation of bomyl chlonde, although 
claimed to give camphor, fails to remove the 
chlorine atom and produces ji-ketobornyl 
chloride (Bredt and Piiiten, J. pr. Chem. 1927, 
[iO.115. 45). 

Ehnunation of HCI by direct action of steam 
in presence of catalysts lias been proposed, but 
in practice bomyl chloride is treated wiUi an 
alkaline reagent which produces mainly cam- 
phene, although smaller quantities of camphene 
hydrate and bomeol are produced. Sodium 
hydroxide itself is too active a reagent, and at 
the temperature necessary for tbe elimination of 
tbe chlorine it reacts further with the products 
causing a diminution of camphene yield. A 
suspension m water of calcium or magnesium 
hydroxide may be used, but usually the sodium 
salt of a weak acid u chosen. Among the 


tcagenta proposed in the numerous patents on 
this subject are sodium stearate, phenate, 
benzene sulphonatc, tte , tth>o ammonia, ali- 
phatic amines, and aniline. These processes are 
vatTied out in aqueous solutions and ovun^o 
the high temperature necessiry (180°-2ty) 
have to be tondueted under pressure m auto- 
claves. 

Ill a typical process pinene hydrochloride is 
heated witli sodium stearate in an autochve 
at 180*-200'’ stirred mechanically. The 
camphene is then steam distilled leaving 
»ckI and a solution of sodium chloride. The 
latter is nm off and a fresh charge of ^lum 
hydroxide solution is added to the stearic sci'l 
for the next batch. , 

The course of the reaction Disv be oxpni'C' 
h> the following scheme : 
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On the basis of Jleemein's theory the fint 
reaction la the isomerisation of bomyl chloride 
to wobomyl chloride and camphene hydro* 
chloride. The function of the alkaline reagent 
is to combine with the hydrogen ddraide 
' resulting from the decomposition of the cant- 
phene hydrochlonde, yielding camphene as the 
mam product. Smaller quantities of bomeol, 
laobomeoJ, and camphene hydrate are obtained 
by direct action on the correspondmg chlorides. 
As would be expected, the use of aqueous calctum 
hydroxide gives higher proportions of the 
hydroxylated compounds. Support for this 
theory of the dehydrochlorination of homyl 
chloride is given by experiments which show that 
the reaction velocity follows the unimoleciilar 
law, and is mdependent of the concentration 
of alkah, the slow isomensation of borayl ' 
chlonde being the controlhng factor. 

In another group of processes the reaction is 
earned out m acetic or formic acid solutions. 
Among the reagents proposed are sodium, lead, 
ana' zinc acetates or zmo tbrmate. la (ie acia' 
solvent the reaction proceeds more rapidly and 
may be conducted at a lower temperature. A 
proportion of the camphene is converted during 
the process into taobomyl acetate or formate, 
and m consequence of this it is often claimed 
that there is a direct reaction between the bomyl 
chlonde and, for example, sodium acetate. 

This suggestion can ^ disproved for the 
following reasons : 

(1) The greater proportion of the bomyl 

chloride u converted to camphene. 

(2) The ester formed is optically mactive. 

(3) The eater yields, on hydrolysis, tsobomcol, 

and not bomeol. 

(4) The reaction velocity is unimoiecular and 

independent of the concentration of 

sodium acetate or similar reagent. 

In the conversion of pmene to bomyl chlonde 
and camphene optical activity is retained, 
d'pmene yielding d-bomyl chloride and d- 
camphene. When the camphene is converted 
to esters of tsobomeol, optical activity dis- 
appears except under very special conditions. 

At first eight dehydrochlonnation in acid 
solution in presence of sodium acetate is to be 
preferred, since there is a simultaneous formation 
of 1 molecule of acetic acid for each molecule of 
camphene, thus providmg sufficient acetic acid 
for the conversion of the camphene into isobomyl 
acetate as will be described later. As the acetic 
acid IS afterwards recovered as sodium acetate, 
which can be used either directly or indirectly in 
the dehydrochlonnation process, the whole pro- 
cess 13 self contamed and does not need a separate 
acetic acid recovery section which is required 
when camphene prepared by an alkalme process 
is esterified to laobomyl acetate. A typical 
acid process is described in G.F. 268308 ; zinc 
acetate in acetic and being the reagent chosen. 
After dehydrochlorination, the acid layer con- 
tains the equivalent amonnt of zinc chlonde, 
from which zinc acetate is regenerated by 
addition of sodium acetate, sodium chloride 
bemg precipitated and filtered OS', while the 
terpenes are at the same time salted out from 
the acid layer and may be decanted. In spite 
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of these advantages, however, the acid pro- 
cesses are not used to any extent, the chief 
otwtacle being the difficulty of constructing 
antoclaves to withstand the severe corrosion. 

Camphene, the main product of the dehydro, 
chlorination of bornyl chloride, is associated 
with small quantities of tricyclene and homylene, 
tho derivation of these compounds being shown 
above. In subsequent reactions they behave 
mach the same as camphene. The by products 
present in the Lquid pineno hydrochloride are 
also dehydrochlormated during the same pro- 
ress. Dipentene hydrochloride reverts to di- 
pentene, which is further isomensed to terpinene 
mi 4 terpinolene. Fenchyl chlonde reacts in a 
similar series of reactions and may yield any of 
the five known fenchenea, cyciofenehene being 
the product most readily isolated from the 
snitture. 


CH, 

I 

C 



‘CH 


rjirioFenchene 

^e product from the decompoaition of crude 
ptnene hydrochloride has been recently examined 
>n detail by Bros and Vibra (Bull. Inst. Pm, 
193$, 73-77, 107-113), who report the presence 
of tnany of the above mentioned compounds, 
and confirm eimilar work earned out by 0. 
Aschan (“ Naphtenverbindungen, Terpene nnd 
Canipherarten,” W. de Gruyter and Co. 1929, 
P; ^5). It IS very important to ensure the 
highest possible degree of elimination of chlorine, 
and owing to the stability of bornyl chloride, 
unusual m a non aromatic derivative, this 
necessitates severe reaction conditions. Pure 
boriiyl chloride is dechlorinated more readily 
thaii the crude mixture, and it is possible that 
the last traces of chlorine which are difficult to 
remove are combined in one of the by-products 

If the dehydrochlonnation process has been 
c*reied out under optimum conditions, the yield 
of camphene should be quantitative ; but 
unl^ the bomyl chlonde has been separated 
and purified before dehydrochlonnation, the 
product IS an oil containing, in addition to 
camphene, dipentene, terpinene, terpinolene. 
and some polymers (diterpenes, etc.), also small 
quantities offenchene, tncyclene, and bomylene. 
Camphene may be separated at this stage in a 
<^mparatively pure form by fractional distil- 
lation, but the separation is difficult on a large 
scale owing to the closeness of the boiling-poin^ 
of Camphene and the by-products with which it 
is associated. It is not essential to separate 
camphene at this stage since the crude product 
may be treated as such in the next process. 

Esterification of Camphene. — '^e dis- 
covery that camphene is converted to isobomyl 
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acetate by treatment with acetic acid in the 
presence of a catalyst was made by Bertram 
and Walbaum (J. pr. Chem. 1894, [ii], 49, 1). 
This reaction takes place readily at temperatures 
between 30° and 60°, and gives an excellent 
j'ield, although, owing to the fact that the 
reaction is reversible, some camphene is un- 
changed unless a large excess of acetic acid is 
used. A detailed investigation of this reaction 
has been carried out by Brus and Vebra (Bull. 
Inst. Pin, 1936, 8, 57, 73). If the dehydro- 
chlorination process has been conducted in 
acetic acid solution, the camphene is already 
partly esterified and contains, in addition, some 
free acetic acid. Various modifications of the 
Bertram and Walbaum method have been 
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proposed. Catalysts such as phosphoric acid 
and zinc chloride have been suggested as alter- 
natives to sulphuric acid. The formic acid 
ester of isobomeol is made in a similar way 
although the use of a catalyst is not essential 
in this case. Other organic acids such as oxalic 
have also been proposed for esterifying cam- 
phene. 

The term esterification is not strictly applicable 
to this reaction, which comprises empirically the 
addition of the elements of acetic acid to cam- 
phene. Actually a series of reactions is in- 
volved ; first of aU camphene combines with 
acetic acid giving the acetic acid ester of 
camphene hydrate, which isomerises to the iso- 
bomyl acetate. 
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This explanation of the interconversion of 
camphene and bomeol derivatives is due to 
Meerwein, but the intermediate camphene 
hydrate ester has never been isolated, and the 
series of reactions is probably stiU more com- 
plex in the presence of sulphuric acid as a 
catalyst. Tricylene behaves similarly to cam- 
phene giving esters of isoborneol, but bomylene 
gives esters of borneol. 

In order to complete the" reaction a con- 
siderable excess of acid is necessary as the 
reaction is to some extent reversible. This 
acid may be removed by washing with water 
or by distillation under vacuum. The latter 
method is open to the objection that the bomyl 
esters, particularly the formate, are hable to 
decompose on heating, especially in presence' 
of a catalyst. Alternatively the acid may be 
neutralised with sodium carbonate solution 
and separated by decantation. 

At this stage the ester may bo isolated in a 
pure state by fractional distillation under high 
vacuum, a process which has been described by 
Tomeo (Anal. FIs. Qufm. Teen. 1928, 26, 30). 
Camphene distils first, followed by ^pentene, 
terpinone, etc. Diterpenes remain behind after 
the ester is removed. Owing to the closeness in 
boiling points, it is difficult to obtain sharp cuts 
between the various constituents. isoFenchyl 
esters, if present, tend to accumulate in the first 
runnings of the ‘ester fraction and may be 
partially separated. Pure isobomyl acetate is 
a colourless Uquid with a eharacteristic pine 
odour, and is used to some extent in perfumery. 
It boils at 225° with slight decomposition at 
atmospheric pressure. 

If pure camphene has been used the resultant 
ester may bo 90% pure or over, but if no 


separation of by-products has been attempted 
in the earlier stages the ester content is only 
70-76%, the balance being unesterified cam- 
phene, dipentene, terpinene, terpinolene, and 
diterpenes, the latter derived from dipentene 
which tends, in the presence of acid, to undergo 
isomeric changes leading finally to polyterpenes 
of unknown composition. Hydrocarbons of the 
fencheno series, if present, are converted in an 
analogous way into iaofenchyl esters. 

CH3 


C 



It is desirable to emphasize at this stage the 
remarkable change which ring structure under- 
goes in order to produce the third type of 
hydrocarbon of the formula CjoHjj. The 
formula CnH2n-4 requires either 3 double 
bonds, 1 ring and 2 double bonds, 2 rings and I 
double bond or three rings. The terpenes 
belong only to the second and third series whilst 
members of the tricycUc group only occur as 
intermeffiate products. Nevertheless, the 
elimination of the acetyl group may occur in 
several ways, in accordance with the structure 
of the hydrocarbon and it is this which makes 
research in this field so difficult. 
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The yield of wobornyl ester from eamphene a ketone but is complicated by the instability 
depends solely on the amount of eamphene left of isobomcol, acids readily converting it into 
unestenfied, unless the concentration of acid eamphene and wafer. Almost every- known 
catalysts is excessively high, when it is possible oxidismg agent h.is been proposed for tbii 
to polymense the eamphene to some extent, reaction, but the only substances suitable for 
iio^myl esters prepared by this method are large scale use are nitric acid or chromic acnl 
normally inactive, but Meerwcin and Gerard Slild oxidismg agents have no action on wo- 
(Annalen, 1924, 435, 189) have succeeded in bomeol, but on the other hand it is possible to 
obtaining active isobomyl esters by working at carry the oxidation beyond the ketone stage if 
low temperatures i the reagent used has a very high oxidation 

isoBorneoI. — The esters of tsohomeid are j reduction potential or if the conditions are not 


hydrolysed quantitatively by alkahne hvdroj* 
ides. The reaction takes place very readily in 
alcohohe solution, although isobomyl formate is 
rapidly hydrolysed on refluxing with aqueous 
sodium hydroxide. The acetate la more stable 
and hydrolysis in aqueous solution is usually 
earned out under pressure at about ISC'* to com 
plete the reaction Pure tsobomyl acetate gives 
a solid product after running off the aqueous 
layer, but if the crude ester is hydrolysed direct 
the product is a liquid, from which isobomeol 
crystallises on cooling, and is filtered off The 
mother bquor, or “ Bomeol Oil " as it is uvnally 
known, contains up to €0% isobomcol. nhicb it 
is desirable to recover. This is aeconiplished by 
distiUing ofi* the lighter constituents, after which 
a further quantity of Mobomeol may be 
crystallised. 

Owing to the tendency of terpenes to fonn 
mixed crystals, uobomeol does not crystallise 
in a pure state from the '‘Bomeol OJ,''aQd may 
contain about 10% of impurities. tsoFenchyl 
alcohol concentrates in the mother liquors, and 
after repeated working up for isoboroeol there 
u finally left an inseparable mixture of wbomeo) 
and teofenchyl alcohol. uoBomeol is readily 
recrystalliscd from bght petroleum and may be 
obtained ultimately in a pure state. It is, 
however, difficult to remove completely traces 
of bomyl chlonde usually present m tsobomcoL 

It is possible to obtain tsobomeol direct from 
eamphene by hydration with aqueous sulphuric 
acid (F.P. 3S5341). Thu process has been 
examined by Aschan (Finaka Kern. 3Iedd. 1929, 
38, Arg. Nos. 3 and 4, 94), but the yields appear 
to be too low for commercial development. 

Recovery of Acetic Acid or Formic Acid. 
— wiysaw wucmtrtvcii WQW.ess it is insrvssary 
to recover the highest possible proportion of 
the acid used in esterification. In a small sc.xlc 
process the production of sodium acetate as a 
by-product is not embarrassmg as it may be 
readily crystallised and sold. The market, 
however, is very limited, and on a large scale it is 
more profitable to utibse the salt as a source of 
acetic acid for the esterification process. As 
already shown, this sodium acetate finds an 
outlet in the acid dehydrochlonnation process, 
but otherwise it is converted to acetic acid in a 
separate part of the plant. The dried salt being 
decomposed by sulphuric acid in cast iron vesseb 
fitted with powerful stirrers and the acetic add 
then distilled off under vacuum from the residual 
sodium sulphate. Formic acid may be re- 
generated in a similar way, taking precautions 
to avoid decomposition of formic acid to carbon 
monoxide. 

Oxidation of hoBorneol and Borneo). — 
This is an oxidation of a secondaiy alcohol to 


ngidly controlled. Concentrated nitric acid 
reacts violently with spbtting of the molecule. 
Dilute nitric acid has been employed, but the 
product 13 never completelj- satisfactory ns it 
contains small quantities of substances which 
reduce its stabihty to light and heat. The yield, 
using nitnc acid, is also substantially lower 
than the theoretical figure, so that the only 
advantage of nitric acid for this purpose is its 
comparative cheapness 

Chromic acid gives a better yield of camphor 
than nitric acid, but here again it is possible to 
over oxidise, some camphoric acid being pro 
duccd. The reagent is usually prepared by 
mixing sodium dichromate solution and sul 
pbunc acid in such proportion that on reduction 
a solution of normal or b.xsie chromium sulphate 
remains. Oxidation takes place readily at 
50®-6(F, the mixture being vigorously stirred 
in lead lined vessels. A solvent such as toluene 
13 usually employed so that the product is a 
solution of camphor in toluene which at the 
I saturation point contains approximately 70% 

; of camphor 

Consumption of dichromate u high and may 
be 50% in excess of the theoretic^ quantity, a 
figure which may be reduced by preliminary 
purification of the laoborneoi, oxidation of im- 
purities accounting for a relatively high pro- 
portion of the chromic acid. 
3C„H„0H+Na,Cr,0,+4H,S04 

3C,oH,,04-Cr,(S04)5-fNajS04-}-7H,0 

As chromic acid m any form is an expensive 
reagent it is necessary to utilise the by-product 
of chromium sulphate. A limited market exists 
for basic chroruium sulphate in the tanning 
iiifiirsftTy, or ^or rtnume a^ura li ■prAussitm* 
dicbroinate is used, instead of the sodium com 
pound. But the quantity of chromium sulphate 
turned out by a large camphor factory would be 
many times the capacity of the market, and it is 
therefore necessary to regenerate the chromic 
acid, usually by an electrolytic process, although 
m countries not provided with cheap power the 
electric power consumption is a large item of 
cost. 

As an alternative to the usual methods of 
oxidation, catalytic oxidation or dehydrogena- 
tion methods have been developed. Air in 
presence of active carbon or other catalysts at 
high temperatures oxidises wohorneol to cam- 
phor. but the conversion is not complete 
Catalytic dehydrogenation in presence of 
reduc^ copper was put forward in 1906 (B P- 
17573), and smee that time other patents 
have claimed modification of catalysts usually 
Ixised on copper or nickel. A process using 
reduced nn k< 1 Ii.xi licen described by 0. 
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Asclmn (“ Naphtenverbincliingen, Terpenc iind 
Cn 7 np)icrurten,” pp. 1 08-173). One diffieiilty 
with jsobornool is its tendency to vovert to cam- 
phene, and certain eataly.sts promote, simul- 
taneous deliydrogenation and dehydration : 

CjoHjjOH CjoHieO-pHa 
CioHj,OH CioHie+HjO 

In some circumstances the dehydration reaction 
takes place almost exclusively, and this has 
given rise to the erroneous statement that iso- 
borneol cannot be dehydrogenated by metallic 
catalysts. 

The dehydrogenation process is reversible 
and under suilable conditions camphor may be 
eatalytically hydrogenated to a mixture of 
borneol and Isoborneol. In order to obtain the 
highest conversion of isoborneol into camphor 
it is necessary- therefore, to ensui'e separation 
of the hydrogen generated, or to carry the 
reaction out in .several successive stages. 

Uorneol oxidise.s more readily than j.soborncol, 
and as it is less I'cadily dehydrated is more 
suitable for the dehydrogenation process. 

Oxidation of Camphene. — It is possible to 
avoid the processes for converting caniphcnc to 
JAoborneol and thence to camphor by oxidation 
of camphene with chromic aciil, a redetion first 
discovered by Berthelot (Compt. rend. 18(ii), 
68, 334). The method is similar to the oxida- 
tion of jsoborncol, but higher temperatures arc 
necessary and yields are generally lou er. O.vida- 
tion is facilitated by the use of acetic acid as a 
solvent. The formation of camphor by oxida- 
tion of camphene is explained by the inter- 
mediate formation of a compound of canrphene 
and chromic acid followed by a Wagner re- 
arrangement, direct oxidation of camphene, as 
for instance when alkaline iieirnaiiganatc is 
used, leading to the formation of camphenilonc 
and other substances. 

H„C CH CMe, 

I 

CH„ 

I “ 

H„C CH C:CH, 

Cniuiilicne. 

H„C CH CMe, 

I 

— CH, 

H„C CH CO 

Cainpliciiilone. 

Evidence for the existence of a chromic acid 
compound has been obtained' by Aschan (op. 
cit., p. ICG); it should be noted tluat camphor 
prepared bj' direct oxidation of camphene 
usually contains measurable fpiantities of A-o- 
borucol. In spite of the additional compli- 
cations, however, it is generally preferred to go 
through the isoborncol stage, as higher yields 
are obtainable, and, if a catalytic oxidation 
process is used, the expense of chromic acid 
regeneration is avoided. 

Refining of Camphor. — Ifanaeid o.xfdising 
agent has been used, a iireliminary treatment 

VoL. II. — 17 


with caustic soda Is necessary. Other methods 
comprise heating at a temperature of about 
200° (H.P. 118489) with or without addition 
of alkaline reagents such as quicklime. These 
may bo followed by sublimation, steam distil- 
lation, or dry distillation. 

Sublimation is the oldest method of purifying 
camphor, and synthetic camphor may be treated 
in the same way as natural camphor. Objec- 
tions to the sublimation process are based on the 
slowness of the operations and the large amount 
of space taken up by the sublimation chambers. 
Steam distillation gives a good product, but the 
consumption of steam is very high and the 
camphor has to be subsequently' freed from 
water. Camphor also tends to adhere to the 
cooling surfaces and reduces their efficiency, and, 
owing to its high melting-point, there is a 
danger of blocking up. Some of these objections 
are overcome by' distillation in a solvent such as 
light petroleum or benzene. Subsequently' the 
•solvent Is removed from the camphor by ■vaeuum 
distillation. Distillation may' be carried out 
from an oil-jacketed vessel, preferably' in 
presence of a solvent from which the camphor 
is afterwards crystallised. 

Direct Pinene Esterification. — Pinene 
reacts with acids to give esters of borneol, but 
whereas the bornyl esters of weak acids give 
borneol on hydrolysis with alkalis, the esters 
of strong acids such as bornyl chloride are 
hydrolysed with greater diffieulty and yield 
prineiiially' camphene and camphene hydrate. 
This is true not only' of bornyl chloride ; a 
similar reaction has been investigated by 
.Mcerwein and collaborators (Annalon, 1927,453, 
16) who showed that 2-chloroey'mene-5-sul- 
jihonic acid gave a 73% yield of the bornyl ester 
with pinene and that hydrolysis of the ester 
proceeded as for horny] chloride. Weak acids, 
however, give low' yields of bornyl esters from 
pinene, thus nullifying the advantage gained by 
the simplification of the manufacture as a 
whole. 
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Treatment of piiicne w ith acetic acid bj* 
Bertram and Walbaiun’s process fields only a 
small proportion of bonn I ncttate, togetheraith 
fenchjl acetate, terpinjl acetate, and dipcntene 
A better ^leld is gnen b} o\ahc acid, and the 
maniifdttiire of camphor «as started ming this 
process in America, but Mas not a encoess and 
the projeit mus abandoned Among other acids 
put foruard are benzoic acid, silicjlic acid, 
picric acid, tetraihJorophthalic atiil, benzoyl 
Lenzou aud, and boro itctic acid Tetrachloro 
phtlnlic and is (huiied to gnc a high yield of 
bomj 1 ester but is rather an expensiTC substance, 
and, like benzoyl benzoic acid, is not stable in 
presence of alkali Boroacetie acid as a 
catalyst for the esterification of pinene by acetic 
and has been proposed, and an in\c3tigation 
of the reaction has been earned out by Dupont 
and Pascaud (Bull Inst Pm, lOiC, 437), who 
obtained 22-28% secondary alcohols (borneol 
and fenchol), 12-30% tertiary alcohols (terpin- 
eols), and the b.itanc-e monocyclic terpeiics 
By hjdioKsia of the esters borneol » formed 
and not isubonieol , it is optically aetiie, 

I pinene giMug I boiiieol and by o\nkiti»n 
/camphor (Active laobomeol gives camphor 
of opposite sign ) The production ol borneol 
is an advantage as it is more readily dehydio 
gcnatecl ; but on the cithci hand separation of 
tlic borneol is more difbcult om ing to the presence 
of finchyl alcohol in considerable proportions 
A iintturc of ienihyi alcohol and borneol may 
be oxidised to the eorresponding ketones and 
separation more readily effected by fractional 
distillation, fenchone distilling at 192% com 
pared with 200® for camphor. 

Pinene Isomerisation. — Direct conversion 
of pmcne to camphciio by catalysis teas first 
observed by Armstrong and Tilden (Ber 1879, 
12, 1732], Mho treated pinene Mith concentrated 
sulphuric aciil, but the yield was very Ion. The 
action of clays on pinene first proposed m 1910 
(B P lu227, 1910) Mas investigated by Gurvitvih 
(./ Ilii«s. I’hys Chem hoc 1015,47.877), who 
obtained evidence of camphene foimation by 
tlnsieiction Morerccently Ku\vnta(J Faculty 
Eng. Tokyo Umv. 1029, 18, 117) and Uudakov 
and Tisihtsehenko (J App! Chem Russia, 1933. 
6, 091) have studied the reaction, yields oil 
5G-02% camphene being claimed by the latter i 

Other groujw of catalysts have recently been 
patented. In G 1‘ 60123G vanoi’s neutral 

sulphates, such as nickel sulphate monohydrate, 
arc claimed Anotlier series includes weak 
inorg.inic acids such as antiinonic, arsenic, 
titanic and tungstic acids, as Mel! as complex 
hctcropoly acids such as phosphomolybdic acid 
(G 1*. 010402), in this patent a yield of 83% 
H chiineil. In addition there urc patents 
descnbing various methods of preparing the 
catalysts in an active form (tg. P.P. 739770) 
The action of catalysts in the isomensation of 
pimne to camphene is thus well established, but 
the niechanisin of the reaction is obscure, no 
direct method of c-onversion being apjvarcnC from 
stiiily of the strtictur.il formula: of the tno 
siibstiiiKC-s In (irniticc, the success of this 
procc-u depends on tlie yield of camphene 
comp.iretl with the pinene Iiydruchloriclc process. 

Ritter's Process. — This m dtsmbrd m 


J. Amer. Chem. Soc. 1933, 55. 3322, although 
up to the present it has not been dev eloped on 
a manufacturing scale. It forms an altenia 
tive route to camphor from horny I chloride, 
depending on the leversible form.ation of 
phenyl isoborny 1 unine (isobornylanilmc) from 
camphene and aniline The compound nas first 
discovered by L’llmann and Schmid (Bir. IDItl, 
43, 3202) as a by product in the dehydrochlori 
nation of bornyl chloride by me.ans of amlnie, 
and its formation is r.ataly i^cd by aniline hy dm- 
chloride produced in the dchydrochlonnation 
process. As the amine is of low vol.itihty it can 
be readily separated from camphene, and by 
suitably choosing the concentration of the re 
agents and returning unchanged camphene after 
separation to the next batch, the whole of the 
camphene is finally converted to phenyl iso 
horny laminc, a substance vvhieli can be distilled 
at love pressures • 

C.oH^CI+NHjPh -*• C,oH,B+PhNHj HCI 
Ci(,Hj»+NHsPh -► NHPh 

The secondary amine tan be tlehv diogi n iteil to 
pixxluto camphoranil in good yield Dihydro- 
genatioa is best brought ahoiit by means of 
sulphur , metallic cataivsts tan aUo be u»eil 
hut aie not so effeetiv e 
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Caniphoranil, on hydrolysis ^vith dilute sul- 
phuric acid, gives a quantitative yield of cam- 
phor and anUinc sulphate, from which aniline 
can be recovered for use again in the first stage 
of the process. This process gives camphor of 
good quality but has no special advantages for 
large-scale work over the more usual methods. 
No substantial improvement in yield may be 
e.xpected since the largest loss takes place in the 
formation of bomyl chloride, which is common 
to botli processes. Further considerations are 
the use of large quantities of aniline, and the 
production of sulphuretted hydrogen as a by- 
product. 

Other methods of making camphor from 
pineno have been proposed, but although fre- 
quently quoted are at present of little value. 

Any process for preparing synthetic camphor 
which can be made to compete with the cost 
of the natural product must obviously be a 
cheap piroccss. Formerly the trees were cut 
down before the camphor was extracted from 
them, and as those trees were of some ten 
years’ growth camphor prepared in. this way 
was a costly material. In earlier days it looked 
as if the synthetic substance would replace that 
from the camphor tree and that the history' of 
natural Indigo would be repeated. But the 
Japanese were wiser than the Indigo planters. 
Tlicy called chemistry and botany to their aid, 
and by improving the variety of plant and 
merely harvesting the twigs and leaves they 
were able to produce the natural ketone at 
a cost which rendered competition from the 
synthetic material exceedingly difficult. 

Alternative Sources of Raw Materials 
— Camphor has also been made from naturally 
occurring bomeol or bornyl acetate. Bomeol 
found in the Borneo camphor tree {Dryohalanops 
aromalka) in a crystalline state is scarce and is 
valued too highly for use as a raw material for 
camphor manufacture. Bomeol is also found 
to a small extent (2-5%) in pine oil, many million 
pounds of which are manufactured annually. 
The expense of separating the bomeol, however, 
has hitherto prevented development of this 
source of supply. Bine needle oil from the 
Siberian fir contains 33-40% horny] acetate, 
together with smaller quantities of pincnc and 
camphene. It is comparatively ea.sy to separate 
the borncol and convert it to camphor by one 
of the usual methods, but apart from its value in 
perfumery, pine needle oil is limited and un- 
certain in supply besides being a monopoly of 
the U.S.S.B., so that at the present time it 
cannot bo regarded as a potential source of 
camphor except, perhaps, in its country of 
origin. 

Purification for Pharmaceutical Use 
— Tcclinical synthetic camphor is usually sup- 
plied as a white crystalline powder containing 
90-95% camphor, together with i>ofenclione, 
tsoborncol, and bornyl chloride ns the chief 
impuritie.s. The melting-point is 150“-]65‘’ 
and affonis a sharp indication of the state of 
purity owing to the high molecular depression of 
camphor, the pure compound melting at 17S-0°- 
]78'.5°. Jlclting-point, however, is not entirely 
reliable, ns some substances, including iso- 
borncol, raise the melting-point of camphor 


even when present in low proportions. Purifi- 
cation of camphor is rendered extremely difficult 
owing to the closeness of the boiling-points of 
the impurities, all within a Jew degrees of 
209°, which prevent ready fractional distil- 
lation, and also bj' the formation of solid solu- 
tions which interfere with the usual recrystal- 
lisation methods. A single recrystallisation 
alters only sh'ghtly the proportion of impurities ; 
and isoborneol, having a lower solubility than 
camphor in the usual solvents, becomes con- 
centrated in the solid phase, suecessive re- 
crystallisations actually increasing the pro- 
portion of tsoborneol. Methods have been found 
to overcome these difficulties and pure synthetic 
camphor is now available as an article of com- 
merce, and is admitted to the Pharmacopoeias 
of Great Britain, U.S.A., and Germany as an 
alternative to natural camphor, with which it 
is chemically identical, differing only in optical 
activity. 

Purification for Use in Industry.— 
The technical grade of synthetic camphor is 
sufficiently pure for use in celluloid manufacture, 
although some impurities are more objectionable 
than others. Bomyl chloride should be elimin- 
ated as far as possible, but if the eamphor is 
made by a process involving pinene hydro- 
chloride, chlorine can usually be detected in -the 
finished product, although this rarely exceeds 
0-01%. jsoBorncol is present to the extent of 
2-4% and although having no positive value in 
celluloid is not specifically detrimental, iso- 
Fenehone, on the other hand, has a gelatinising 
effect on nitrocellulose similar to that of 
camphqr, and the chief objections to its presence 
are its lower stability to light and heat, and more 
pronounced odour. 

Analysis. — Analysis of camphor cannot be 
carried out with great accuracy as there is no 
satisfactory method known for its direct estima- 
tion. Such methods as have been described 
depend on the reaction of seraicarbazide, thio- 
semicarbazide, phenylhydrazine, hydrox-ylamine, 
etc., with the ketone group in the normal manner, 
and are not specific to camphor but take place 
also with other ketones, such as fsofenchone, 
which may be present. Owing to the different 
solubilities of the camphor and laofenchone 
derivatives, gravimetric methods do not give' a 
very accurate result for the total ketone content, 
although b3' using a syBtem of solubilitj' cor- 
rections a fair approximation can be obtained. 
A volumetric method using hj'droxjdamine 
hydrochloride gives good results for the total 
ketone content (Vandoni and Desseigne, Bull. 
Soc. chim. 1935, [v], 2, 1685). 

isoBomcoI can be readily' determined by 
acetylation with acetic anhydride, followed by 
hj'drolj'sis of the ester produced with standard 
alcoholic alkali. Chlorine is determined by 

0. xidation with nitric acid in presence of 
sUver nitrate, or by Stepanofif’s method using 
sodium. A method using sodium peroxide is 
described in the I'.S. Pharmacopada. but there 

1. s uo chlorine test in the corrc.spondiim BBC 

1934. ‘ o • V.. 

Plant used for synthetic camphor manu- 
facture. This calls for no .special comment, 
and is constructed from the usual t^-pcs of 
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npfjnratiis or indmlcs hijilih spec nli'Nl units ilc 
Acloped by the manufacturers concerned. The 
tjpe of process adopted depends on the costs of 
ran materials and serMces ; a process run bj’ a 
hiphl^i orpaniscd chcniical industry would prefer- 
ably gi\c the highest possible jicld at the ev- 
pense of an increase in coinple\it\, wherca'- 
under more priniiticc conditions with \cry 
cheap pmene a'aitable, a simpler proec«s 
piMiig lower jiclds might concenabh lx mule 
ceonomieal 

World Production and Prospects. — 
Official Htatistns for ram|iluir relate only to 
imports, and export «, and cinh ccij .ijiproMiiiatc 
estimates can be ci'c n for the tot il prcxliiction , 
but It IS jirobabJe that the world k ididim] ram 
jihor production is about 10,OtH) tuns m normal 
comlitions This is dn idcd among the principal 
producers ao follows 

Nntiir d C.imiihor (Japanese) 3,0U(> tons. 

Spithctic Camphor (Gcrm.iiij) S.OOU „ 

» (E h A.) . 1,000 

About h0% of the world a camphor is used in 
celluloid manufacture and the roinamder chiefly 
for pharmaceutual purposes In India, an 
importsut m'vrkct. the principal ««e is in con 
nection with religious ceremonies and burning 
ghats 

Diinng the economic depression of 1930- 
lOS.l camphor production fell eoiisulcTibK and 
has not jet (lOJB) reached the I9i9 lc\el ' Anj 
increase is unlikclv to be hrge am| there is 
not much scope for further ctpanxion in the 
indwstij, the potential eapacitj of existing 

f lants being in c\ec«s of normal re<|uircmcnts 
'uturc desclopments will sliow an increased 
effieicnet m manufacture with a preference for; 
catslytii processes 

Prices of caniiiluir at one time fulloued the 
price moxeincnta of natural camphor and 
were subject to wide stiriation With the 
growth of the sjnthctie camphor industrj the 
reserse has Icon the case, and natural laniphor 
prices now follow cjnthetic camphor prices, 
which in the long run depend on the price 
of turpentine. I’riccs up to 7s 6c/ a Jb were 
recorded during the Russo Japanese War 
of 1904-190G, and during the Great War, 1914- 
1918, but in the period 1930-1915 the luuot 
figure on pecord was a little oicr Is a Jb 
Ko attempt has been made in Ibis article to 
gi\c complete references to the subject, which 
arc to be found princjpaJIj m the patent 
literature. The following publications arc ns ait 
able for further reference 
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CAMPHORONE. Theketone. 
CHj— CHMe 


CHj— C CMBj 

obtained Iij the distillation of cnlciuin cam* 
phoratp, b ]). 200’-2ltJ’, 0 933, 1 4S>4 

(Wallach .uid Cullmami, Aniutm, 1904, 331, 
3J0) 

CAMWOOD. Camwood, or cambo wood,” 
st.itid to be clerned from a \aricty of Baphta 
jiilcc/ci, Ixclcl (i*/ Rarw noi)). is xery siiiiikr in 
peiicr.il properties to the other “ m^flluble red ” 
ii>c woods It XJCjds, houeiir, deeper shaiJcsnii 
djeitig. and if' colouring mattri is said to be 
more soluble than that present m the other 
woods 

It iias ’xen examined bj 0 Xcill and Perkm 
(jeS 1918, 113. IJC) who empIo\rd for this 
piiriKisc similar nu thocls to those found sen ice 
able with sanderswood 

isaSantaUn, D22H|gOg(OCH3)^, the nnm 
colouring matter, forms a chocolate coloured 
powder which on grinding becoincs redder in 
appearance, and is readily solnble m boiling 
mctlijlated spirit When heated it shows no 
sign of melting, darkens at 280®, and js fully 
decomposed at 290®-300®, being then a ear 
boiiaceons powder It gixcs with alcoholic 
potassium acetate the salt, CjgH2,032K or 
shows CMclencc of the formation 
of soluble oxomum silts, and in general 
properties closely resembles its isomer santalm. 
The colour reactions and also the dyeing proper 
tics of the two compounds indicate, howexcr, 
that they arc distinct substances. Acsfyliso 
Mtilalni, C.|HjgOg(CjH50)4. consists of a deep 
salmon pmk powder which is gradually decom- 
posed. uithoiit melting, between 250® and 280®. 
A molecular weight determination emplojmg 
naphthalene g^\ c the high figure 2,344, a rcsftlt 
xerj similar to that given in these circumstance# 
by acctylsantalm itself, and which may possiblj 
be due to the production of a colloidal solution 

Peoryisoaantalin, CjjHjgOslOCHjIj, corre 
sponding to the deoxjsantalin of sxudcrsuooci, 
IX II scarlet amorphous powder which, when 
heateil, does .not show a distinct melting-point 
but decomposes at I60®-165® with exoliitioii of 
gas A comparison of its colour reactions and 
dyeing properties with those of deoxysant dm 
shows that the substances are distinct. ,4fc/y/- 
d«»eyi«osnBfal(»(, C,,Hj|,0;(C2Hj0)i, <on«i«tH 
of an almost colourfess pnweier which fuses niul 
dcmiuposcb at 170’-175®. A molecular weight 
determination, employing naphthalene us sol 
sent, gave the figure 1,334, which is npproxi- 

match half that found in the same circumstances 

for acctyhsosantalin 

Camwood docs not appear to contain either 
pterocarpin or homoptirocnrpin. 

Zlyeiny Propertieg — On word mordanted 
with bichronie and cream of tartar isossninlin 
gives A vioict-rid, niicl dcoxj Mos.mtnlm a dull 
rcd-Molet shade. With santilm anrl denxy- 
santahn, uniicr similar conditions, jwlc reddish- 
pink and dull crimson shades, respect ixely. ivjj^ 
obtained. A. G. P. and E. J- L. 
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CANADA BALSAM (AND RESIN). 
Canada balsam is the oleo-resin e.xiuling from 
sciiizogenous ducts in the wood of Abies bal- 
samea Jlill. (Fam. Pinaccre) into cavities, from 
which it is collected. The tree is indigenous to 
Canada and the northern portion of the United 
States, the balsam being collected principally in 
Quebec. It is a clear, pale yellow, viscous sub- 
stance, resembling turpentine oleo-rcsin. Its 
use is not extensive, being employed to a small 
extent in the manufacture of flexible collodion, 
and for the mounting of microscojiic specimens, 
ns it dries in a transparent form without 
crystallisation, and has a suitable refractive 
index. It often has a slight green fluorescence. 
The characters of Canada balsam are as follows: 


Specific gravity at 15-5°. 

0-985-0-997 

Optical rotation, . 

-1-1° to -1-5° 

Refractive index, 

1-518-1-523 

Acid value .... 

80-90 

Ester value .... 

4-8 

Acid value of resin . 

120-125 


The balsam contains from 15 to 25% of essential 
oil, having ]n'0])crties very similar to those of 
oil of turpentine, the chief constituent of the oil 
is l-pinene. 

The resin is said to contain a resene and two 
acids termed a- and ^-canadolinie acid. 

According to Trost (Annali Chim. Appl. 1936, 
26, 38), the principal acid is cunadolk acid, 
CjpHjjOj, melting at 1C5“-1G8°, an isomer of 
abiotic acid (q.v.). It is dehydrogenated (Se) 
to retcnc, gives a comjjound, m.p. 226°, with 
maleic anhydride, and is converted by acetic 
acid at 100“ into Steele’.s abietic acid. E. J. P. 

CANADA PITCH. Hemlock spruce resin. 
A reddish-brown re.sin resembling Burgundy 
pitch, exudes from the trunk of the hemlock 
spruce. Tsuga canadensis Carr. (Fam. Pinacea;). 
It is used as an astringent in catarrhal diseases of 
the mucous membrane {13.P.C. 1934). 

“CANADA SNAKE-ROOT" r. . Asa- 
RVM CaXAIIEXSE. 

CANADINE, one of the Hvdrastis Alkaloids. 

CANANGA, ESSENTIAL OIL OF. 
The oil distilled from the flowers of Cananga 
eidorala Hook (Fam. Anonaceie), which is cul- 
tivated in the Philipiiinc Islands, Reunion, 
•lava, Madagascar, Mayotte, Mauritius, Jamaica, 
and the Seychelles. This tree is the source of 
oil of ylang-ylang, the finest (pialities of 
which are ])roduced in the Philippines and 
Reunion. The cananga oil produced in Java 
is of an inferior (piality. 

Composition . — The oil consists maiidy of 
tevpencs and sesquiterpenes with a small 
(piautity of esters of acetic and benzoic acids, 
linalool, nciX)l, and farncsol. 

Characters. — Sp.gr. at 15'5° 0-905-0-940, op- 
tical rotation at 20°— 17° to -55°, ii™ 1-490- 
1-505, ester value 10-40, ester value after acetyla- 
tion 4.5-1O0. The oil is not soluble in 90% 
alcohol, and even in 95% alcohol it forms a 
slightly opalescent solution. C. T. B. 

CANARIN. When a solution of ammonium 
sulphocyanide and sodium chlorate is boiled, a 
yellow precipitate of pcrsulphocyanogen 


C3H3HS3 [“ Canarin," ProehorolF of Moscow] is 
formed. This reaction is readily carried out on 
the fibre, and affords a cheap method for the 
production of a fast yellow. As there is a 
tendency to weaken the fibre, particularly when 
in contact with hot metal, traces of a vanadium 
salt are aildcd (H. Schmid, J. Soc. Dyers and 
Col. 1921, 37, 219). 

CAN AVAN 1 N E i'. Amino Acids. 

CANDELILLA WAX is the commerci'al 
name given to a deposit that forms on the twigs 
and leave.s of the candelilla tree, of which there 
are several species. Euphorbia antisyphilitica, 
Pcdilanihus qraronis, and P. aphyllns, all belong- 
ing to the Euphorbiacca?, and growing in Texas, 
Arizona, Mexico, and the northern parts of 
Central America. 

Originally the wa.x was separated from the 
plant by means of steam, the yield being 1-5- 
2-5%, but it is now usiiallj’^ extracted with 
•solvents, notably benzene, and a yield up to 
6% is obtained. Special forms of extractor 
were patented by Thatcher (U.S.P. 1056378, 
1913), and a method and apparatus for crushing, 
screening, and extracting the plant were claimed 
by Garcia (U.S.P. 1715194. 1929). Other 

methods of extraction include that of Sharp 
(U.S.P. 1018589, 1912), in which the plant 
material is mixed with fullers’ earth and 
extracted with light petroleum, and those of 
Watson (U.S.P. 1042992, 1912 ; 1058648, 1913), 
in which the material is heated to 149° and sub- 
jected to a downward current of steam. 

The crude wax is yellowish -grey to dark brown 
and at the ordinary temperature is odourless, 
but when u’armed lias a fragrant aromatic 
odour. It is refined by molting with water 
acidified with sulphuric acid and straining, or 
by treatment with solvents and adsorbents. In 
the process claimed by A. Riebcck’sche Montan- 
werke A.-G. (B.P. 299357, 1928) the crude wax 
is dissolved in methyl alcohol, glycol, butanone, 
or other solvent, and treated with an adsorbent, 
notabl,v decolorising carbon activated with zinc, 
chloride. 

The crude wax may contain from 1 to 6% of 
water, and this is the probable explanation of 
the high specific gravity recorded for some 
specimens {e.g. by Farcy, .^nn. Falsif. 1920, 13, 
97) ; it may also contain as much as 15% of 
dirt including about 1-5% of mineral matter. 

Govicr (Oil and J'at Itid. 1930, 379) gives the 
following values for commercial samples of the 
wax : 

Sp.Hr. at Melting- -\cia .Sapoiiincii- 

15*. point. vaiuc. tion vaiue. 

Light wax 0-993 68-4 21 55 

Dark wax 0-950- 68-70 13-18 50-60 

0-990 

A alucs recorded for the crude wax are as 
follows ; 

Speeific gravity at 15° . . 0-9825-0-9850 ' 

Acid value ! . . . . 12-4-14-4 

Jlciting-point .... 67°-71° 

.Solidifying point .... 04°-6S° 

Saponification value . . 40-1-04-9 

' Iodine value 10-6-30-8 

Un.snponifiablc matter . . 77-91% 

1-4558 
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The rariations iii the melting point, acid \alue. 
and iodine value arc attributable to the 
different amounts of resm (Meier and Sojka, 
JIonaLsh. 1913, 34, 1159). 

Farcy (1 e.) obtaineil about 6% of wax from 
Pedilanlhvt apht/llus by extract lori with benzene. 
It had the following charactenstica : 


Melting point 
Specific gravity 
Free acids 
Total acids 
Hydrocarbons 
Iodine value 


1 001-1 002 
18-19% 

. 60-67% 
33% 

20-21 


According to Stacmpti (Seifens 2tg 1931, 58, 
55) candeliUa wax contains from 60 to 52% 
of hydrocarbons, especially hentnacontane, 
CjiHg, (m p. 68”), about 1% of a hidrocarbon 
of m p 85”, 20% of melissic acid partly free 
and partly as the myricyl ester (m p. Sa^-OO®), 
10-14% of mjncjl alcohol, 10% of resinous 
constituents and traces of a phytostcrol with 
ni.p. over 150”. 

Collins (JSC I. 1935, 54. 33T) fmmd 70% 
of a hydrocarbon similar to that in esparto 
wax (Meyer anti Soyka, l.e ) consisting mainly 
of the n pamfiin, iiicUmg at 62®-63® 

(indcf), with a second well defined mp. 67 7*- 
67 8°, and resolidifying at 67 4*. 

Lcis (J. Pharm. Chim 1925, 117, 417) 
devised a method of analysing candcblla wax 
and similar vegetable waxes, according to 
which the saturated acids are separated in the 
form of copper salts and the higher alcohols by 
means of Mnrene. 

The colour of the wax, which is not readily 
bleached, is a drawback to its use for many 
purposes for which camauba wax is suitable. 

It IS used in the manufacture of gramophone 
records, boot polishes, linoleum, varnishes, and 
carbon duplicating papers, and for the insulation 
of telephone wires. C. A. M. 

CANDLENUT. (AUunlts triloba Forst. 
or A. mduceana. Wild ) This is a tropical oil- 
bearing nut of similar size and shape to the 
walnut. The nuts are eaten, roasted, by natives. 
The oil itself is unsuitable for food owing to its 
purgative properties. To separate nuts from the 
shells after cnishing a process of dotation in bnne 
(d 1-10) IS adopteil. P. Amann (ReehercTics ct 
Inventions, 1935, 16, 312) records analyses of 
Madagascar samples as follow s 

Percentages : 


H,0 . 

Crude protein 
Ether extract 
Ash . 


Shellv 

7 97-9 86 
1 72-2 19 

4 04-7 74 


EcTDeN 
3 14-3 49 
18 75-24 56 
Cl C-65 5 
2 76-3 34 


Constituents of Ash s 

P,Oj .... 0 93-1 88 20 5-28 3 

K,0 1 95-3 79 5 86-7 46 

CaO .... 32 C-60 6 64-78 

MgO 2 25-3 50 0 82-1-77 

A. G. Po 

CANDLENUT OILorLUMBANG OIL 
is the fatt}' oil obtained from the seed kernels 
of the tree Aleurites mduceana L., WiUd. 


(=..4. triloba Forst.') (Fam Euphorbiacea), 
which IS a native of the South Sea Islands of the 
3taLiyan region, PoljTiesia and the Hawaiian 
Islands The tree is especially cultivated for 
the sake of the oil in the Philippine Islands, 
both for local and export purposes, and has 
also been introduced into Madagascar, Africa 
and Brazil. The English name “ candlemit ” 
is stated to be derived from the practice of the 
Hawaiians of stringing the dried kernels on to 
reeds or sticks in orcler to form a “ candle,” 
several of which are wrapped m a pandanus 
leaf in order to make a torch (c/. E. V. Wilcox 
and A. R. Thompson, Hawaii Agric. Exp. Staf. 
Bull 1913, 39) In the 1‘hihppines the 
tree is known as “ lumbang ’’ or “ luinbang 
bato,” and m Brazil as “ nogueira de Iguape ” ; 
to the French it is know n as “ bancouher ” and to 
the Germans as “ Bankulnussbaum,”' “ Candle- 
nussbaum ” or “ Lichtnussbaum ” ; the oil is 
also known as “kckui,” “ kukui,”or“ Kekuna ” 
oil in Hawaii and Ceilon. 

The seeds, often erroneously termed “ nuts,” 
have very hard shells, ancl, moreover, it is 
difficult to separate the kernels from tlic shells . 
the natives cither break the seeds by hsml- 
labour or employ methcHls by which the seeds 
are first heated end then rapidly cooled in order 
to fracture the shell and allow the kernels to be 
e.xtraclcd , for large scale production it mav 
prove practicable to separate shells and kernels 
by sifting after a short crushing treatment of the 
dried seeds in an edge runner mill (Gcorgi, 
Malay. Agnc. J. 1926, 14, 292) The kem^s 
contain from 59-60% of oil, corresponding to 
16-20% on the whole “ nut." The cold drawn 
oil IS limpid and pale in colour ; the statement 
that cold drawn lumbang oil from plantations 
in Florida is fit for edible purposes (Gardner, 
Amer. Paint and Varnish Iilanuf. Assoc., Circ. 
336, p. 611) requires confirmation, in view of the 
fact that the Philippine oil, at least, contains 
an essential oil (Santiago and V'eat, Philippine 
J. Set. 1927. 32, 41) and has usually been credited 
with purging properties. The expressed cake 
IS unsuitable for use as a cattle food owing to its 
purging and toxic properties. (For analyses of 
kemeb and cake^ see Sem]cr„ “ Die Tropische 
Agrikultur," 1913, II, 515 ; Aguilar, Philippine 
J. Sci. 1919. 14, 275; Lewkowitsch, JSCI. 
1901, 20, 909). The expressed oil has thefollow- 
ing characters: spgr. at 15® 0 920-0 929. 
refractive index i-4724-1 476/30®, saponifi- 
cation value 188-214 (usually 192-193), iodine 
value 140-164 (usually 149-160), unsapomfiable 
mattcrO 3-0 4% (see Richmond and del Rosario, 
Philippine J. Sci 1907, 2A, 439 ; West and 
Montes, i6id. 1921, 18, 619 ; Eaton, Agnc. 
BuU. F.M8 1919, 7, 162; Georgi, Malay. 
Agnc. J. 1922, 10. 202 ; 1926, 14. 292 ; T. H. 
Barry. J.S C.I. 1929, 48, 289T ; Glaze, Chem. 
Met. Eng. 1927, 34, 749). 

The fatty acids from samples of the oil 
examined by Walker and Warburton (Analyst, 
1902, 27, 237) yielded 112-12 6% of ether- 

* A Utioba lias been occasionally, but en'oncouslj. 
rererred to In the literatore as a distinct species, but 
all stages of leaf development, from simple ieif to W 
three-lobed type, may be found on the same tw 
ief II .Seinler, *■ Die Iroplsche .Agrikultur," IfOh lb 
517) 
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insoluble hevabromidcs, corresponding to a Talloto, as a candle material, suffers from the 
content of about 4-4-6% of a-linolenic acid, disadvantage that it emits an acrid odour on 
whilst Cruz and West (Philippine J. Sci. 1930, burning, due to the formation of acrolein by 
4-2, 251) report about 8% of a-linolenic acid, incomplete combustion of the glycerol present 
About 2% of saturated acids arc present, and in the fat. An enormous improvement in candle 
the balance of the acids consists of linolic and manufacture was effected by the introduction 
oleic acids. It will be noted that although the of slearine, a mi.vture of palmitic and stearic 
lumbang tree is allied botanically to the tung acids, which foUoivcd as a result of the researches 
oil tree, A. Fordii Hclmslov {see Aleo'RITes of M. E. Chovreul (1815: Recherches 

Species), and to the “ soft lumbang ” (“ bagilum- ehimiques sur les corps gras d’origine animale,” 
bang” or “lumbang banaculag ”) A. trisperma 1823) on the saponification of fata and their 
Blanco, the seed-oils are strikingly dissimilar, successful technical exploitation by de Milly and 
.since candlenut oil, unlike the others, con- Motard (1833 : cf. Payen, Bull. Soc. d’Encour. 
tains no elaiostearic acid. In correspond- 1833, 156) ; these fatty acids, which are pre- 
cnce with its low content of a-linolenic acid and pared by the hydrolysis or saponification 
high content of linolic acid, candlenut oil ex- of the glycerides constituting natural fats, 
hibits fair drying properties and is used in the contain no gl3^cerol and therefore produce no 
tropics for the preparation of paint", etc., as unpleasant smell during combustion. The 
well ns for soap-making and as an illuminant. melting-point of stcarine is higher than that of 
X more extended application to the manu- tallow, and it is, moreover, excellently suited 
facturc of paints, printing inks, rubber-sub- to the production of candles b_v moulding (cast- 
stitutes, soft soap, etc., would appear to be ing), provided the manipulation is carefully 
justified (see A. P. West and Smith, Philippine conducted so as to prevent cracking during 
Bur. of Forestiy, Bull. 1923, No. 24 ; Aguilar, cooling (». infra). 

Philippine J. Sci. 1917, 12, A, 235 ; T. H. Stcarine was in its turn displaced from its 
Barrj', he.). E. L. leading position by paraffin wax: in 1851, 

CANDLES. A candle is a solid illuminant James Young (B.P. 13292, 1850) succeeded in 
con.sisting of a rod of fatty or waxy combustible producing a pure white paraffin wax from 
material surrounding a central wick. By means .Scottish shale oil, which was applied to the 
of the wick the melted wax is fed regularly, by manufacture of candles under a patent bj' 
capillary attraction, to the point of combustion J. K. Field and C. Humfrey (B.P. 454/1856 ; 
at the tip of the wick. cf. J. L. Field and C. Humfrey, Jun., B.P. 

The earliest forerunner of the candle was 1821/18.57; cf. also earlier patents of G. F. 
undoubtedly the torch, consisting of pine Wilson. B.P. 12512/1849, and W. de la Rue, 
branches saturated, naturally or artificiallj', B.P. 1748/1853). The absence of any tendency 
in resinous or fatty matter ; but primitive to crack during cooling (which had caused 
forms of the wax candle and tallow dip (ru.sh- difficulties with the early stcarine candles), 
light) wore known to the Romans. From the the lustre, and read}’ adaptability to ornament in 
earliest days the production of tallow candles shape and colour, of paraffin wax rapidl.y 
was a house industry, for which domestic waste established the jire-eminence of this material 
fat (tallow) was used, whilst the more expensive for candle manufacture ; moreover, it was 
beeswax was utilised for the wax lights cnqilo^yed soon available chcajd^’- and in large f|uantitic.s. 
by the richer classes and for religious ])mpo.scs The most important materials for present- 
{v. infra). This distinction is em])ha.siscd bj’ the day candle manufacture (apart from beeswax, 
different nomenclature applied bj- the Romans which is only used for special purposes, v. infra) 
{scbaccus and cerens) and the French {clianilelle arc stcarine and paraffin wax. Pure stearine 
and boiiijle) to tallow and beeswax candles candles arc still produced in quantity on the 

Continent (c.speciall^’’ in France, Belgium, 
Holland, and the Scandinavian countries), 
but in England, Germany, and the United 
.States, they are only used to a relativelj- small 
extent for lamps and purposes where the 
opaque ajipcarance and exceptional stability 
to heat are particularly valued. In these 
countries stcarine is chiefly used in admixture 
(from 2-30%) with paraffin wax, in order to 
impart greater stiffness and opacity to the latter. 
Pure paraffin wax is unsuitable for use alone in 
most cases, as the readiness with which it 
liquefies bj' heat causes the candle to “ gutter ” 
exccssivcl.y ; moreover, paraffin wax lias the 
objectionable property, which is indeiiendcnt 
of the melting-point, of becoming plastic 
after exposure to a moderate degree of heat, and 
so allowing the caudle, unlike a stearine candle, 
to bend at temperatures considcrablj' below its 
melting-point. 

Candle stearines are chiefij- obtained from 
tallow, palm oil, and bone fats. Either the 
Twifchcll or the autoclave process may bo 


rc.spectivciy ; tnerc is also an c.ssential (linerencc 
in the method of manufacture, tallow candles 
being dipped and beeswax candles being poured 
(or drawn) and rolled, which is reflected in the 
c.xistcneo of two distinct Livery companies in 
the City of Loudon, viz. the Tallow Chandlers 
and the Wax Chandlers. 

Spermaceti, a white crystalline wax con- 
stituting the solid fraction of .sperm oil, 
from the hcad-cavitj- of the sperm whale or 
cachalot, came into u.sc in the middle of the 
eighteenth contur\' ; it is now used onl.y to a 
limited extent in candle manufacture, in ad- 
mixture with other materials. Forinerlj- the 
sjiorm {i.e. spermaceti) candle * was used ns a 
photometric standard of light, but it has now 
been entireli' superseded b^- the pentane lamp, 
electric lamps, and, more rcccntlj-, by radiation 
standards. 


* Tim modern .so-c.-illcd “ sperm candle ” is n< 
mneer made of spennaccti, but is composed of tin 
ordinary mixture of parafliu wax and sto.ariue: tlu 
name merely denotes a particidar size and shape. 
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u<cd for the snponificntion, anti the crude acids 
arc subsequently distilletl before pressing out 
the Lquid oleine. In the eirlier da\ s of steanne 
candles, the acid saponification process, srhich 
induced the formation of large amounts of soLd 
unsaturated acids (iso-olcic acid) and ao increased 
the yield of solid candle material, was faxoured, 
but whilst ISO oleic acid is a sati«factorj con 
stitnent (nithm limits) in steanne candles, it 
may bo jctrimcnta} in mixed steanne paraffin 
candles Hence such processes arc now not 
much used, at least m this country, for the 
preparation of candle stearines The art of 
manufacture consists in bo selecting ibo atoch 
that the proportions of palmitic and stearic 
acids in the final distilled product will be such 
as to gi\c suitably large crystals, from which the 
accompanying olcino may easily be cxpresawl. 
The following figures illustrate the properties 
of a distilled saponification steanne of good 
quabty for candle maniifactuio m p 130“- 
133“F. (M4’-56 I'C.). acid >alae 207-208, 

eaiwnification raliie 208-209, lodmt \alue 1-6, 
neutral material less than 1%, unsaponifiablc 
matter practically ml, mean molecular weight 
of the acids 2C8-270 Such a “ steanne ” 
consists of a mixture of palmitic (about 53 5%) 
and ateane acids with a small proportion of 
oleic and no oleic acids, hjdroxystcanc acid, 
etc. Similar standards have been adoptcil 
by the American manufacturers. (For siiccifica- 
tinns and methods of testing presented by the 
French War Dept, for steanne candles, He 
? Bniftre, Ann FaNif 1033.20.70) In order 
to obtain satisfactory biimiiig, it is essential 
that the ash content — and in particular the hmc 
content — should bcarainimum, nscren traces of 
lime (of the order of 0 003%) are stated to cause 
the formation of a “ skeleton " on tho wick 
and consequent guttering (c/. Gracfe, Seifens.* 
Ztg. 1007, 34, 11071 In recent years, eon- 
sidernble amounts of pale “stcaimes” nude 
from hydrogenated fish oils and known in 
Jnpnji as Hearme r/i, hmc appeared on the 
market (c/. Go<Io Yun Glvecrm KK, Jap P 
03856! Ueno and Tschuchikawa, J .Soc Chcni 
Ind. Japan, 103>>, 3S» 603B]; this product 
contains some undesirable low melting acids 
A neutral solid wax, known as lokaro, prepared 
by the hydrogenation of sperm bo<ly oil, is 
also a\ ailable ; this product docs not give either 
the same opacity or stability to a mixed candle 
as do oixlinary slcanncs, but as both thc«c 
products can be produced cheaply in Japan, 
they are able to compote there with jiaraffin 
wax (f/. Allan, J. Inst. Pet. Tech. 1933, 19, 
155). 

Voeonul stearin, which is a neutral matenal 
consisting of coconut oil, from which the more 
liquid constituents Laso been removed by 
expression fc/. Soames, B.P 5842/1820), was 
onginally the chief ingredient of l^ice’s 
“ Patent Candle ” and was retained for a long 
time aa an important ingredient of night lights; 
it has now, however, been largely displaced 
in tills country by paraffin wax compositions. 

In the United Kingdom, parafhn wax from 
Scottish shale is ii'eci for candle mannfacturr, 
as well a-s petroleum paraffin waxes from the 
United States, Burma, Galicia, As<>am and 


Borneo, in Germany, paraffin wax is manu 
factured locally by the distillation of brown coal 
or hgnite. Commercial paraffin waxes ma\ 
have melting-jwints ranging from .W’-SO'C. 
(86“— 133“F.) ; Itangoon petroleum yields harder 
waxes wUh melting points up to 140°F. As the 
harder waxes have n certain tendency to stick 
in the moulds, it is common practice to blend 
paraffin waxes in order to produce mixtures of 
sDitable properties (setting point 120'’-]33°F.) 

As already stated, a proportion of a suitable 
steanne is usually admixed with the parafhn 
wax as a stiffener in order to prevent bending of 
the candles, but the stability' to heat of a mixed 
candle is nev er as great as that of pure steanne 
candles , further, the inclusion of stearuie 
imparts to the otherwise translucent paraffin 
wax an attractive opaque appearance, which 
IS regarded by the public aa an indication 
of quality. Whereas formerly 20-30% of 
steanne was employed, much smaller propor- 
tions aro now current, for the desirable appear- 
ance can be imitated by tbo addition of small 
amounts of “opacifiers" such as ^naphtbol 
or /9naphthol benzoate (“Hertolan") Small 
amounts of other waxes, such as carnauba wax, 
monlon war, and ceresm (purified ozokerite) 
arc occasionally employed as stiffeners in 
addition to, or m place of, steanne Additions 
of minor amounts of various materials, e g lead 
stearate (Burke, BP. U975/1D14). methyl or 
ethyl alcohol (Moietti, P.P. 431400/1011). 
amides |< y p phenylenediamide of steane acid), 
etc., have from time to time been claimed to im- 
prove theoppearance (by preventing “ mottle '') 
of the paramti candle, or to facilitate moulding. 

The Wick. — The proper preparation of the 
wick 18 a very important part of candle manu 
factorc, since the behaviour of the candle in 
use largely depends upon its construction and 
treatment' In the early prototypes of the 
eandle, the amount of material serving as 
wiek was large m comparison with the amount 
of combintibJc material, for cxamidc, Ihe pine 
bramhes m torches, the rope-stiands of the 
“link.” the hempen coni of the “flambeau,” 
and the rush-pitli of tho “ rush lights,” but 
this projKirtion has been gradually reduced, 
until the modern i.atio of about I part of wick 
to 50 iwrts of combustible has been reached. ^ 

Until 1825 the only wicks used for “dips’ 
or candles were made of rush-pith or of twisted 
flax or cotton yam. As no means for consuming 
the wick evenly were nvadablc, the charred 
and smoking end hung dow n ov er the side of the 
candle and required periodic “ snuffing 
Cambae^res, in 182.5, was tho first to recognise 
that the wick could not be consumed in it* 
central position, and devised the “ braided 
or plaited wick, which exhibits a tendency to 
curve over in one direction, thus bending the 
glowing end of the wiek over into the outside 
(oxidising) region of the flame, where there is 
sufficient oxygen to burn it completely. Tin* 
work WAS follow ed by v arious inv entions dcsignc<| 
to improve upon the earlier form of the p)aite<I 
wiek, for examjik, bv twisting the wick roimd » 
rod And coating one aide w if li paste (\V. Palmer. 
B,P. 9l4tl/1841), or by introducing “ gimping 
strings of wire (Price’s Co , 1840). One of the 
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most successful of these devices was the 
“ metallic-wick candle invented by Palmer 
(B.P. 14204/1852), U'ho introduced a fine 

tluead coated with metallio bismuth (the 
“ doctor ”) into the wide : when the candle 
was lit, the fusible metal formed a small globule 
at the tij) of the wick, which, by its weight, 
bent the wick over into the outside of the flame, 
where the charred cotton was oxidised and the 
bismuth volatilised. CambacOres’ original wick 
was round, but the later flat type of wick (first 
made by Thomas Topham in England at Eipley 
in 18.3(1) proved entirely satisfactory when 
])ropcrly “ pickled ” and is still in use to-day. 
The “ pickling ” process consists in impregnating 
the wick with a dilute solution of certain 
mineral salts, the effect of which is to produce 
dean burning by regulating combustion and 
helping to vitrify the ash : “ pickling ” also 
ajtpcars to be one of the secrets of the bending 
of the wick. Cambacercs, in his original patent, 
recommended a bath of sulphuric acid, but 
better material-s ucre soon introduced, such as 
boric acid (de Milly, 1836), bismuth nitrate 
(I’almcr, B.P. 5979/1830), ammonium borate 
(d’Arcct). The modern pickling solutions arc 
mostly prepared from selected mixtures of 
bora.x, ammonium chloride, sulphate or phos- 
phate, potassium chloride or chlorate, sulphuric 
and nitric acids, nitrates, silicates or tungstates ; 
almost ever}' manufacturer has his own recipe, 
regarded ns a trade secret, adapted to the 
wick and to the candle material employed. 
The ])roportioii of the salt to water is usually 
about 2 oz. to 1 quart. The braided cotton 
yarn, cut into hanks of " wicking," is bleached 
anil washed and then steeped in the “pickle” 
for about 24 hours, after which it is drained, 
and the residual water (which would reduce the 
capillarity) is removed in a high-speed centrifugal 
machine, which does not cause torsion or other 
disturbance in the threads; if ncec.ssnry, 
further drying may take place in heated drying 
I'ooms. The amount of salt remaining in the 
fibre is, of course, small, but is sufficient 
materially to influence the burning of the 
candle. I'ow candle-makers jilait their own 
wick, which is usually supplied in the required 
jilaiting by the cotton spinners ; as a nde it is 
plaited from three groups of an equal number of 
twisted cotton strands, and the success of the 
wick depends on the manner in which it is 
braided, the tightness of the plaiting, and the 
size of the wick. The relative tightness, in 
particular, de))ends on the candle-material to 
bo employed ; paraffin wax, which melts and 
travels easily, requires a thin, very tight wick; 
Etcarine takes a moderately tight wick, while 
beeswax and S])crmaccti, which are less mobile, 
require a thick, loosely braided wick. While 
flat wicks are used for ]iaraffin and stcarine 
candles, braided wicks of round section are 
preferred for beeswax candles. For tallow 
candles (tallow dips), and tapers, braiding is not 
neecssar}-, and the old-fashioned twisted wick 
is always employed. The effects of the. .sub- 
seiiuent ])ickling must be considered in relation 
both to the braiding and to the candle material. 
The treated wick is wound from the circular 
frames on which it was rlried on to “ spools or 


bobbins : the winder is of simple type and the 
task is jierformed by girls or boys, tvho let the 
wick run through their fingers as they wind, in 
order to detect any knots or other irregularities 
which might interfere with the proper burning 
of the candle. The spools are then ready for 
use. 

The Candle. — Whilst the bulk of the modern 
candles — the paraffin wax and stearine candles — 
are produced by moulding, the older methods 
of dipping and pouring are still retained for 
the production of candles from tallow and bees- 
wax respectively, as these materials cannot be 
moulded satisfactorily. The drawing process is 
applied to the manufacture of tapers and 
similar articles {v. infra). 

Dipping is the cheapest, as well as the oldest, 
method of making candles, and has been a 
domestic method since at least the times of the 



Fig. 1. 

Romans : the harder portions of the household 
waste fat were melted down or rendered over 
salt water and strained, and the wicks — cither 
rushes peeled so ns to leave only a thin strip of 
j)ccl to support the pith, or flax or cotton 
fibres — were alternately immersed (“dipped”) 
in the melted fat and withdrawn to cool until 
a sufficiently thick coating of tallow was 
obtained, after which the dips were hung up 
to harden and whiten. The process requires a 
certain skill, and in medifeval Paris there was a 
guild of candlemakers whose members travelled 
from house to house to make tallow candles in 
this manner. 

The large-scale manufacture of “ dips ” is 
merely an extension of this process. The twisted 
cotton wicks are strung on rods or “ dippers,” 
e.ach of which holds from eight to twenty-four 
wicks, and these are supported on a frame 
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'nhich is suitably suspended so tbat tbe rods 
and wicks can be raised or lowered as required 
by means of counterweights. I'lg. 1 illustrates 
a simple form of such apparatus m current use 
[m a more elaborate machine, the counterpoised 
“ dippers” are suspended from the fircumference 
of a horizontal, revoh mg frame mounted on a 
central pilhr, so that each set of wicks can 
readily be dipped in succession] As a rule, 
about four dippings are required to prodiico a 
candle of tuffieient thickness 
Pouring. — Formerly the larger sues of bees 
wax church candles were made by “roUing” 
round a wirk a cake of warm wax. which had 
been kne.adcd until it was plastic, but this 
methoil has been entirely superseded by the 
somewhat primitnc process of “pouring,” 
wherebj the melted beeswax is poured over the 
wicks, which arc eu«ijcnde(l fiom a hoop-like 
frame (Fig 2) which can be rotated by hand 
For the larger sues, the candles haxe to be 
reiersed from time to time in order to ensure a ' 
uniform thickness The hoops are hung m a I 
cuirent of air after eierj two or three pourings. I 
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When tlio inndlcs are of the requisite thickness, 
they nre scieied from the frame and ekilfiilli 
rolled on a marble slab under n weighted board 
to smooth awa^ ana irregularities in the hands 
of an expert workman, the candles can assume 
the cTonncss of moulded candles, with a 
jicculiar softness which is indescribable, but 
unmistakable when once identified. The ends 
arc cut clean, and the tips are shaped by 
hind. In section, a well made beeswax candle 
shows a senes of concentric rings corresponding 
with the eueccssiie pourings. 

The pouring process iniohcs much skilled 
labour thcraw material itsclfisaUoexpcnsne, 
and as beeswax candles offer no prnrtical 
advantage ns an illuminant, they are now only 
cmploywl for ecclesiastical jiurpo«es, or, rarely, 
ns a fancy article. 

To ad.ipt the beeswax as it comes from the 
comb to the requirements of the chandler, 
little is needeil beyond ordinary cleansing by 
rej)cated melting in hot water; the wax may 
then be bleached by exposing it (in the form 
of thin ribbons) to light and air; if necessary, 
chemical bleaching with acid diihromate is 
adopted. In accordance with the requirements 


of the Roman Cathobc Church, the princijwl 
liturgical candles must consist wholly or “for the 
larger part” of beeswax, the proportions for 
; different candles being specified (c/ Rescript of 
i the Sacred Congregation of Rites, Dec. 14, 11)04, 
Official Xotification of their Lordships the 
, Bishops of England and Wales, Dec. 4, lOOG); 
in Engbnd. from Go to 03% of beeswax is 
employ cxl, but in the United States, the “ larger 
part ' IS interpreted as a minimum of 51% (c/ 
Rower and Hauber, Ind Eng Chem. (Anal ) 
1932, 4, 3b9) Other candles U'cd on the altar 
must contain at least 25% of beeswax. 

The drawing process is applied to the manu 
facture of tapers, the waxed wicks for night 
lights, wax lestas, and candles of small diameter 
' such as “ birthday ” or “ Christmas tree " 
candles (the latter may also bo made by 
moulding) For this purpose a long length 
(about l,bOO yards) of twisted cotton wick is 
repeatedly “ drawn ” through a bath of molten 
wax (mainly paraffin wax with lanous pro 
pontons of beeswax or stearinc according to 
quality) by winding the wick in alternate ilircc 
lions from one large drum on to another In order 
to ensure an even thickness and smooth surf ice 
of each coating, the coated wick, ns it Icaie* the 
bath, IS drawn through a circular die, of which 
the diametev i* increased at each tiaxcrse The 
operation is continued until tbe taper or cable has 
acquired the requisite thickness In a modern 
taper plant, as many as 24 strands may be draw n 
simultaneousiv. several eteam heated baths of, 
for example, differently coloured wax being used. 
The final wax cable is cut into short lengths 
and the ends of the tapers arc dipped into Jiot 
water and shaken, this process — known as 
“ feathering ’ — removes the w ax from the tiji of 
the taper. leaving a tuft of clean cotton by 
which a new taper is easily hchted for the first 
tune without dripping wax Kight light wicks 
may be '‘fcatlicrca” by bruising the tips with 
a small mechanical hammer or stamper In 
Poland, candles me made by the dravring 
process, the ends being tipped* by u mnihme 
(Allan, fc ). 

Moulding.— With the exception of i.niall 
cauiUftiaiaitehx. thc(ljAwu)jj».ant.c«<!..a]lfctcanne 
and paraffin wax candles .arc now made L\ a 
moulding or casting pioccss. The introduction 
of moulds 13 attributed to a Sicur de Brez of 
Pans m the fifteenth centuiy ; but as the process 
was unsuitable for beeswax candles, ami only 
moderately successful with the harder grades of 
tallow, little progress m design was made, 
until the introduction of spermaceti, and 
espcrcialJy of stennne and paraffin wax, as candle 
materials opened a rich field for development. 

The simplest form of moulding machine is the 
“hand-frame ’’ (introduced byFrcitag m 1724). 
which consists of a frame holding a number of 
xcrtical, tapered pewter moulds w ith the pointed 
ends downwaid, and the upper (butt) ends 
opening into a shallow trough: a wick H 
thread^ longitudinally through each mould 
and held in position by siiitable flips or jfgs 
at each end The melted candle material w 
poured into the moulds, until the trough is 
full (to allow for contraction on cooling) ami the 
frame is left to cool in the air, or plunged uito 
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cold water : when cold, the superfluous wax is 
rfemoved with a trowel, and the candles arc 
removed by simply inverting the frame. These 
hand frames have been superseded by mvdtiple 
moulding machines, except for odd sizes of 
candle, for which it would not be worth while 
to maintain a special machine. 

The use of steam and water for the alternate 
heating and cooling of the moulds was introduced 
by Binns (B.P. 24SS/1801). Further inventions 
and improvements by Morgan (B.P. 6010/1834), 
Tuck (B.P. 744)9/1837), Palmer (B.P. 12077/ 
1848), Cowper (B.P. 1988/1856), Humiston 
(B.P. 2541/1857, in the name of Newton), 
Stainthorj) (B.P. 2550/1857, in the name of 
Pitman), Stainthorp (B.P. 740/1800) led by 
degrees to the modern continuous-wicking type 
of moulding machine such as is shown in Fig. .L 
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Such a machine consists essentially of a metal 
water-tank containing a large number of tubular 
moulds or pipes, which are slightly tapered to 
facilitate the ejection of the candles ; the 
moulds, which are polished internally, are 
made of pewter or tempered tin (98% purity) 
and may bo strengthened by an external sheath 
of hard-drawn brass or steel (porcelain moulds 
have been patented (G.P. 195702), but are too 
costly and have little, if any, advantage). 
The upper (butt-) ends of the moulds open into 
a shallow trough, and the lower ends are closed 
by the conical tijj-moulds. which arc jierforated 
to allow the passage of the wdek and carried 
on the upper end of hollow piston-rods which 
can slide up and down within the pipe. The 
pistons are coupled to a movable plate or 
“ driving board,” wliich can be moved up or 
down by means of a handle operating through a 
rack-nnd-pinion gear or a screw. Cold water 
and steam can be admitted to the tank as 
required. The wick-spools, which are equal in 
number to the number of moulds, are free to 
revolve on the pins at the bottom of the machine, 
and the wicks are threaded up through the 
piston-rods, tip-moulds, and candle-moulds: 
the arrangement is illustrated in the section in 
Fig. 4. 


In older machines, as well as in many con- 
temporary types, the spool pins are hoi'izontal 
(c/. Fig. 6), but the vertical arrangement 
shown in Fig. 3 is claimed to reduce tangling 
and breaking of the threads. 

Above the trough enclosing the butts of the 
moulds are the “ clamps,” which serve to hold 
the candles after ejection from the moulds. 
To begin casting operations, the wicks are 
threaded into the moulds and temporarily 
secured in the trough, or a few inches may be 
left loose in the moulds. The tank is filled 
with water, and steam is admitted until the 
moulds are heated to the requisite temperature. 
The molten wax is poured in to fill the moulds 
and the trough, and cold water is passed into 
the tank. When the candles have solidified, the 
trough is scraped clear with a “ spud ” (a 
blunt knife the width of the trough), and the 
candles are ejected from the moulds by mani- 
pulating the handle which raises the pistons and 
tip-moulds. As the candles pass upwarda into 
the open clamps (which close on 
then) whim the candles have 
i-eached the piojicr height), they 
puli up fre.-ih wick after them 
and hokl it correctly centred in 
the moulds in ])rcparation for 
the easting of the ne.xt batch 
of candles. The pistons are then 
wound down until the tips close 
the bottom of the moulds. The 
casting process is then repeated, 
this time, as on subsequent oc- 
casions, with all the precautions, 
correct temperatures, etc., applic- 
able to the particular candle- 
material in question. 

When the candles have solidified 
in the moulds, the wicks above are severed 
with a special knife ; the rack of clamps 
holding the “ dummies,” or previous batch of 
candles, is removed and emptied, and replaced 
ready to receive the new candles as they are 
racked up, and the whole process is repeated 
as required. 

The temperatures of the molten candle-wax, 
of the moulds before filling, and of the cooling 
water, depend upon atmospheric conditions and 
upon the nature of the candle-material in 
question. Pure stearine may crack if chilled 
too quickly, or crystallise and spoil the appear- 
ance of the candle if cooled too slowly ; stearine, 
therefore, is cooled to a creamy consistency 
before it is poured into the moulds, which 
are finally cooled with tepid water, solidification 
of the candle taking about 25 minutes. For 
paraffin wax, however,' the moulds are heated to 
nearly 200° F., and the -wax to 170°-180°F., 
before filling, according to the setting-point of 
the wax employed, and the moulds may be 
cooled rapidly by running cold ivater into the 
tank: if properly carried out, the candles 
, acquire a high lustre. 

I The refinement, known as the “ self-fitting ” 
butt, introduced by J. L. Field (B.P. 3032/1801, 

\ The candles or “ dummies ” of the first batch, in 
which the wick was not properly centred, merely serve 
to provide starting-points for the wicks and are discarded 
when they have sen'ed their purpose. 
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rf. l-’igs. .'5, 7) makes it possible for the c^nJIe 
to be fitted into an> reasonable stance without 
scraping or additional packing. 

As the self fitting butt is 
tapered, sjieci.il .‘irrangements 
arc needed in older to allow 
for the ejection of the candles 
from the moulds. In the 
machine patented bj E 
Cowles the self httingcnds are 
moulded separ.itely by means 
of conical caps oi butt moulds 
w hii h fit into the tops of the 
main candle moulds and ate 
icmoaed by hand niter wind 
ing up the candles into the 
clamps. 

It will be obvious that this 
complication necessitates cut- 
ting the wuks each time in 
OI del to allow the butt moulds 
to bo re-threaded on to the 
Wilks for the next batch, a 
jirocesa which invohes con- 
siilerabtc labour and a waste 
of a ceitain amount of wiek Nc\ erthclcss, 
this t^pe of mathine is still jireferred by some 
candle makers to Cowles’ later and luoie 
elaborate continuous uicking machine in whiih 
spilt butt moulds, mounted in a dnided bed 
plate, aic cniplo}cd> which o]icn apait to allow 
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the Ciuiillis to be raikisl nji into i]ic diniiH, 
and are brought biik into |i(isi(ioii fur the m>\t 
batch without cutting the wiik* The eplit 
butt mould also cnablis more iltbuiate designs 
of *• self fitting end to be cast. 

Numerous lariatiuns in nicehanitdl detail 
distinguish \uriou« mathiitcs, but without 
afTeiting the essential jinniijilis. All these 
niacliines work diseontimimisl^ . a (ontiniioiis 


acting machine, which possesses certain aihan- 
tages when the watcr-auppli is hniiUd, has been 
constiiicted by I'ouinicr 5. Cie.i it is com 
plicated to work, howciei, and docs not appear 
to liAve found favour. 

By the use of suitable moulds, candles can be 
made in vaiious fancy shapes (cf. I'lg. 7), 
cabled, spiral, fluted, striped, eti : the randies 
are ejected from the " spiral ” tj pe of mould by 
imparting a rotary movement to the 
“ Perforated ” or “ aerated ” candles (which aie 
more in favour on the Continent tlnn in 
England) aie made of steanne and moulded 
with longitudinal perforations up the stem 
of the candle, whiih are supposed to affonl 
an mteinal escape for Iicjiud lombustiblo 
matter which might otherwise guttci down 
the outside, and also to allovc an up drauglit 
of air to assist tlie combustion These caudles 
must be made of steaiinc in older to be 
Bufiiciently haid. The popular “ Nell Gwynn ” 
candles are moulded with a slightly iiicgiilar 
suifaoc lu imitation of 
the old rolled beeswax 
candles, and the stems 
arc tapered at the butt- 
end by jiressing the 
made candles by hand 
into heated cone- 
moulds 

Among the various 
devices which have 
been proposed to 
minimise guttering 
may be mentionetl 
varnishing the outside 
of the candle with a 
voloui varnish oi with 
cellulose powdci in 
paraffin wax (Powell 
and Bush, BlMIOoTO/ 
lOlb), or mouldmg the 
candle with a thin 
exterior layer of wax harder than that used for 
the core. The candle mateiial is often coloured 
with coal tai dyes (ej. Sudan IV, losc llciigiil, 
auranune, biilliant gieen, indiilinc, methvl 
violet), and the caudles may bo decorated witli 
tiansfeia oi lund-jwiiiting Ornameiiti! cfTcits 
aie also obtained by cutting giooves m patterns 
amt rvinnmg iii coloured steiime (r/. I>oiil, 
Seifens-Ztg 1030, 63, 20}) The ‘King 
Alfred’s caudle,” the stem of which is divided 
by grooves tif this kind into sections burning for 
one hour eadi, still enjoys favour. By the 
addition of buitable metallic salts or other 
substances, candles burning with a colourcil 
flame (Scheublc, O 1’. 2ir>l3h), candlcn (conf inn- 
ing eatcia of imiiio or immo- .acids with nm- 
nionium nitrate) binning with a liot, sinokcliss 
flame of low liimmosity (.Seheuble, G I’. 
jicrfumed (.iiidlis, .and nicduiitcd (iiiidlci arc 
obtained. 

Tlic jirodiiction of my/d /iy/d» (which were roM 
oiiginally a- moituis oi dc.itli lights) is still an 
imjKiilant business m this lountiv at least. 
Night-lights aie short, lliuk cniiillcs with 
unall wicks dcsigneil to give ii small hut constant 
light over u long j>cricKl, rather thin high 
hiimnoHity : they wi le origin illy uiiulelirgcl) 
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of jiicsscd coconut stearin, and 
into paper eases. Now, however, tl/y 
chiefly moulded from paraffin wax 
machines similar to the ordinaiy candlcj^^ 
ing madiinc, except that in place of t. . 
there is a wire which forms a central hofj' 
night-light ; this is then fitted into f ”? ‘ 
over tiie wick, whieli consists of a short 
tai)er, stiffened with a coating of hard u ’ ' » 

fi.\ed in the bottom of the case by n'®””® 
a small metal sustainer. Tlieso night-li^^ 
recommended to be placed in a shallow 
uatcr during burning, but this 
unnecessary for certain uncased types r ° 
lights whicii are burnt in glasses. The, 

])oint of the wax must be carefully ad/.'*® ” , 
the climate in which the night-light '® , ^ 
used, and ))articular care must be ',^1,' "ng 

manufacture to avoid the inclusion 
f he flame is small and the wick may casil^' I” ” 
clogged. The rate of wax consumptio" ’ 

being about 40 grains per hour, as agait'® '1- 
120 grains for a candle. A special form V .*' 1 '®,'/ 
light, based on Clark’s “ pyramid ” 
which is made in conical shape or . 

fatty material (coconut stearin) and 1’'“''“.^ 
with a rush-i)ith wicl;, is used for 
purposes. r , , 

The vast majority of candles man" 
in the United Kingdom is emph’^®' 
domestic purposes: the consumption 1 ,, 

for religious purposes is also con 
csjiccially in tlie Catholic countries 
Japan and the East. In the indust/ 
liaraffin wax cables (“bougies”) arc* 

iw-holcs in foundr^'"'?" ' 


and m 
rial field, 
u.sed ns 


employed 
ndles arc 
'onvenient 


fusible cores for blow 
and stearinc and other candles 
for lamps and in mines ; tallow ca 
chiefly made for plumbers’ use as a c."'".V,"*®''.‘' 
flux (they ma 3 ' servo, incidentally, f'"' 
nation), and a considerable cpiantitj' i® "®®'* 
certain African tribes for anointing. r , 
Despite the i)rcdominance in towrj®. ® ®,®®/ 
frieal and gas illumination, the candlf 
though perhaps dinunishing in imp^'p "®®’ 
still in a flourishing — t'CIok 


IS 

the 


in a nourishing condition. T 
War and up to 1931 at least, the av®‘'"S® 
sumption in Great Britain (which, ,!*® 

inclusion of the Irish Free State, is pr®""^? 
largest individual consumer) was ab®."*' 
tons iicr annum.* production bfJ"S some 


, line of the 


10-15% greater, and of an annual V£'22X non " 
order of £2,000,000 in 1924 and £iP'0>wo ■« 
1930. The value of the exports of 
from Grbat Britain, which amounted t® , „ . 
in 1913, had fallen to about £3,35,000 
£291,000 in.l929. The total world pri°'‘"®‘*®" ®‘ 
candles (excluding large quantities p, P”'"®® 
made by the natives of, for example,' ^ 
other tropical countries, from local ],’**t®™*®) >® 
certainly over 250,000 tons per aunu/"" , J*”®? 
luoduces about 30,000, Germany al’®",:.;!'';''''® 
(1928), Holland 6,000, and Belgium 
of candles jier annum. The number .®' ®®*'‘“®® 
mn\- be estimated from the average ri^-®* "*»®''> 
in England, is luobabU- about 12 to r\® p' 

Acknowledgment is made to Messrs'" *'■ '-'®"'®® 

' K'timalcs of the panillin wax candli, 
anatlier source' put tlic liRuri'S at 37,001* “'>** 
tons in 1033 aiul 1033 n'spcctively. 


of Hounslow and to Messrs. Price’s Patent 
Candle Co., Battersea, for drawings and for 
permission to photograph the machinery illus- 
trated above. J. L. and E. L. 

CAN ELLA ALBA (Fam. Winteranacero). 
White or wild cinnamon, West Indies. The bark, 
used as an aromatic .spire, contains 0-75-1 -25% 
ethereal oil in which hiler al. cugenol, cineolc, 
carj'ophj’llcno have been identified. Formerly 
the bark was considered to contain “ eanellin,” a 
substance now recognised to be d-mannito. An 
analysis of the bark gave HjO, 11-90% ; ether 
extract, 12-73% ; proteins, 8-49% ; starch, 
II-.57%; crude fibre, 16-52%; pento.sans, 
16-72%; mannitc, 8-77% ; i-rdm-ing substances 
(as glucose), 0-76% ; ash. 7-4% (Hanus and 
ilieu, Z. Enters. Nahr. - Genu.ssm. 1906, 12, 
395). J. N. G. 

CAN ELLA BARK. The dried bark of 
t'aiiclla alba JIurr., obtained from h^lorida 
and the West Indies in large buff-coloured quills 
or pieces of about .an inch broad. Has a bitter, 
pungent, acrid taste and odour of a mixture of 
cloves and cinnamon, due to a volatile oil con- 
taining cugenol, cineole, .and tcrpencs. The 
bark also contains a bitter principle. Csed as an 
arom.atic bitter (B.P.C. 1934). 

CANFIELDITE v. Aeoyrodite. 

CAN NAB IN OL v. Cannabis Indica 
Resin. 

CANNABIS INDICA RESIN. Thissub- 
stance is the oily resin of Indian hemp. Cannabis 
salira Linn. (Fam. Cannabinacero), also known 
as Ganjah or Gunjah, from whieh “ h.ashish ” 
is prepared. The plant itself is indigenous to 
Central Asia and the Northern and Western 
Himalayas, and is cultivated mainly in tropical 
districts of India, Africa, and North America. 

Apart from its use in the form of hashish, or 
even in the form of the powdered drug, for 
smoking, it is used to-a small extent in medicine. 
It acts on the central nervous sj-stem, producing 
c.xcitemcnt with hallueinations, with a great 
feeling of happiness without .anv-- fear of terrible 
surroundings, followed by a deep intoxicated 
sleep. The after-effects are great depression 
and lethargja 

The extract of the drug made with various 
organic solvents contains an oily resinous matter 
of high boiling-point. It has been inve.stigatcd 
by several chemists, but with the exception 
of the work of Wood, Spivey and Easterfield 
(.I.C.S. 1896, 69, 539), Bergel and Vogelc 
(Annalen, 1932, 493, 250), and Cahn (, I.C.S. 1931, 
630 ,- 1932, 1342 ; 19,33, 1400) the older pub- 
lished results may bo regarded as historical. 

The principal constituent of the resin is 
cannahinol, the crude, soft brown resin being 
a mixture of this compound with other sub- 
stances. The name c.annabinol is reserved for 
the non-crystallisablc resin, obtained by the 
hydrolysis of the pure crystalline acetyl- 
cannabinol, m.p. 75°, to ivliich Wood and his 
collc.agues assigned the formula CoiHjsOjAc, 
and this has been confirmed by Calm (Lc.). 

By nitrating crude cannabinol, trinitrocanna- 
hjnol melting at 160° ivas obtained, and by 
nitrating the higher boiling fractions of the 
oily residues after separating the acetyl 
cannabinol, nitro-cannabinolactone, melting at 
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176°-177’, xvas ol)tain(?<l. For this compound 
Cabn {le) has established the constitution 

Me 

"°n 

\ /— CO 

1 I 

C(CH3)j— O 

Cannabinol is phenolic m character. 

Bergcl and Vogele (t c ) haso cffectesl the 
synthesis of cannabmolactone, starting from 
3 niethj Iphthahe anhj dridc, and ha\ e confirmed 
the constitution assigned to it by Cahn A 
further conSrmalion of the structure of canna 
binol 13 due to Cahn (J C S 1033, 1-tOO), but 
it does not appear to be the pharniacoIogicall> 
active principle of cannabis resin 

CANNIZZARITE, PbS as smaU 

needles, probably orthorhombic, is of recent 
formation m the deeper parts of fumaroles with 
a temperature of 550°-615*, on Vulcano, 
Lipan Islands Named after Stanislao Can 
nizzaro (182(>~]010) (F Zambonmi, 0 De Fiore, 
and G. Carobbi, Rend Accad !^i. Fis Mat 
Napoli, 1925, St. 28) L.J S. 

CANNIZZARO'S REACTION. The 
preparation of an alcohol b> the action of con 
centrated aqueous alkali solutions on the corre- 
sponding aldeh} dc, < ff 
SCjHjCHO 
KOH 

CsHjCHjOH-t-CjHjCOjK 

CANNON SPARi.Calcite. 
CANTHARIOES. SpanisA Jly (Utta 
tsiiealorta). Dried coleopterous issecls used in 
medicine The specimens chiefly used arc 
CantAaris ttsiealona and JlyUibrts phaUrala or 
oehom Preparations of canthandes are cm 
plowed eitternslly as rubefacients, counter- 
irritants, and vesicants, orally as stimulant 
diuretics, aphrodisiacs, and emmcnagogucs. The 
active principle is raiiMandin, vrhich is Largely 
replacing canthandes pharmaceutically. 

iUitaiwid /Kwv:\nalI,v.&'Aro^iisviiV ■niUw,n!V'As-A*’| 
southern and central Europe, and from Russia. 

Canlhartdtn, CigHjjO^, stable lactone of 
cantharidic acid, is obtained by estractmg the 
dried, powdered insects with chloroform, ether 
or eth^l acetate containing a little nunera) arid, 
evaporating the flltored solution obtaineil, and 
Anally treating the residue with carbon disul 
phide or light petroleum to remove fat. The 
cantharidm may be crystallised from alcohol or 
acetone to give trimetnc plates, m p, 218®, 
which begin to sublime at 8.5®. Essentially the 
same method is u«cd for the determination of 
(anthandin (Riu, Anal. Fis. Qufm. 1931, 29, 
1G4 ; Iyer and Guha, J. Indian Inst. Sci. 1931, 
14, A, 31 ; Eder and Schnciter, Schweiz. 
Apoth.-Ztg. 1D25, 63, 229, 245). Canthandes 
contain 0 3-1*1%, the Afyfaftns species somewhat 
more, about 1-1-5%. 

Canthandin is almost insoluble m water, 
slightly soluble in alcohol (1 in 1,100 parts by 
weight) and in elher (f m 700), more soIiiMcl 
in ethyl acetate (I in 150), in chloroform (1 in| 


.55), and m acetone (I m 40), and although 
dissolved by glacial acetic and or concentrated 
snlphunc arid it cry stalhses out unchanged. It 
IS soluble in alkalis to give salts of cantharidic 
arid. 

Its detection is possible by microscopical 
examination of a crystalline sample, especially 
after sublimation (Denigcs, Bull. trav. Soc. 
I’harm. Bordeaux, 1935, 73, 7). Marchiolo 
(Boll Chim. farm. 1923, 62, 65) describes lU 
detection m pharmaceutical products and in 
post mortem examinations, while R. Fisiher 
(.4rch Pharm. 1929, 267, 31) details its detection 
down to a dilution of 1 in 150,000 in 20-30 c c. 
of unne. A colorimetric method for detection 
and determination is based on the dense brown 
colour produced when as little as 0 01 mg. is 
heated with 1 drop of 10% aqueous formal 
dehyde and 4-5 c c of sulpfiuric acid (Denigeg, 
Compt rend 1934, 198, 1783). 5\hcn can 
thandin is nitrated with 50% nitric acid on tho 
water bath, the nitro compound reduced with 
stannous chloride and the product diazotiscd 
and coupled with j9 naphthol, a violet-red dye is 
obtained with as bttle as 0 1 mg (ran Urk, 
Pharm. Weekblad, 1929, 66, 313) 

It blisters the skm severely, especially when 
in solution or mixed with fat , R. Fischer (Ic) 
gives the tmnitnum dose m lanolin for vesicant 
action as 0 02-0 015 mg , and Hahn and Taegtr 
(Kim. Woch 1931, 10, 489) have examined 
this physiological action m detail It should 
be used mth great care, for secondary reactions 
set ui readily. After absorption it produces 
vasoconstriction and during excretion gives 
rue to irritation of the kidneys and urinary 
tract. Its pharmacology is discussed by Heubner 
(Arch exp. Path. Pharm. 1925, 107, 120) and 
tolerance to it u treated by Gunn (Physiol 
Rev. 1923,3, 41). It has a very strong inhibiting 
effect on yeast fermentation (Zeller, Biocliem 
Z. 1927. 183, 369, 339). 

Gadamer suggests the following structure for 
canthandin . 

CH 

HjC'^l'^CMe— COv 


H,C 


CMe— CO 


CH 

(Arch Pharm. 1914, 252. 600 ; 1917. 255. 
277, 315 ; 1920, 258, 171 , also Rudolf, \6id. 
1916, 254, 423). This has not yet received 
confirmation by synthesis but is supported 
by the work of Coney (Rcc. trav. chnu 1923, 
42, 387, 1026), and of Bruchhauseii and Bersch 
(Arch Pharm. 1928, 266. 697), the latter 
having broken down canthandin to fiiran and 
ufl dimcthyhucciRic and by the action of s 
dehydrogenating catalyst (palladinised asbestos) 
at 280®. *VoreanMari(/in, 

CH 

HjC I CH— COv 

>o 


I 

H.C I CH— CO 

'^1-/ 


/ 
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has been synthesised by Bnichhausen and 
Bersch and also bj- Diels and Alder (Ber. 1929, 
62, B, 554) by the catalytic reduction of the 
condensation product of furan ■with maleic 
atiJiydride ; the latter workers also describe a 
synihesis of an isocanlharidhi, 

CMe 

H,C^ l^CH— CO, 

I O I >o 

HjC j CH— CO/ 

^Clvie 

bj- the same method using 2:5-dimeth5dfuran. 

JIany derivatives are described in the work of 
Gadanier and of Rudolf and a stable h3’drazide 
may be prepared using excess of hydrazine 
li3'drate at 0° (l3’er and Guha, J. Indian Inst. 
Sci. 1931, 143, 31). It is claimed that on 
condensation with etiiylcncdiamino, cantharidin 
yields a base, CjjHjgOjNj, which gives com- 
pouiuLs with gold and other hcav3' metal .salts 
possessing strong bactericidal action (G.P. 
209601 : 272291). 

Cantharidin has been detected in the following 
insects : American “ blister beetle ” or Macro- 
basis alliida bv’ Viehoover and Ca|)en (J. Assoc. 
Off. Agric. Chem. 1923, 6, 489), the Javan 
beetles Horlu dehyi, Cissites maiillosa. and 
Epicaula ruficcps (van Zijp, Pharm. W'eckblad. 
1917, 54, 295 ; 1922, 59, 285), and in Lytia 
adspersa (Coll, Rev. farm, 1931, 73, 17). 

CANTON’S PHOSPHORUS v. Cal- 
ciUM, Calcium Sulphide. 

CAOUTCHOUC, Rubber. 

CAPRI BLUE. O.xyazine d3-cstufF pre- 
pared by condensing p.nitrosodiniethylaniline 
and diraeth3d-m-amino-crcsol. 

CAPRIC ACID, n-DECOIC ACID, 

CHg-ECHgVCOgH. 

CAPR I N E. (I-a-Amiuo-caproic aeid (Abder- 
haldcn and Weil, Z. ph3'siol. Chem. 1913, 84, 39). 

CAPROIC or HEXOIC ACIDS, 
CjHu’COOH. Seven isoraeridcs are known. 

1. n-Caproicacid, CH3-[CH2]4'COOH, occurs 
in the fats ; in cheese ; and, possibly, mi.xed 
with certain of its isomeridos, in coconut 
oil ; in St. John’s bread ; in the fruit of 
lleracleiim spondylium and in the flowers of 
Salyrinm hircinum ; and in the fusel-oil from 
the fermented molasses of mangel-wurzel. Is 
best ])rcparcd by fractionating crude fermenta- 
tion butyric acid (Liebcn and Rossi, Annalen, 
1871, 159. 75 : 1873, 165, 118) : b.p. 204-5'’; 
sp.gr. 0-9446 at 0°. I'or s3'nthesis from natural 
gas h3-drocarbons (pentane), see. Hass and 
iMarsImll (Ind. Rng. Chem. 1931, 23, 352). 

2. hoBuly! acetic acid, or y-mctbyivalcric acid, 

(CH3)jCHCH2-CH,-COOH, 

is present in butter ; ma3’ be obtained b3’ the 
action of h3-driodic acid upon h3-drox3'iso- 
caproic acid (Jlielck, Annalen, 1870,' 180,*57 ; 
I'ittig and Ruhlmann, ibid. 1884, 226, 347), 
or b3- the distillation of t'sobutvlmalonic acid 
. (Konig, :Monatsh. 1894, 15, 20 ; Bentley and 
I’erkin, J.C.S. 1898, 73, 487) ; b.p. 200°-201° ; 
.''P.gr. 0-925 at 0”. 


3. Diethylacetic acid, pseudocaproic acid, or 
a-ethylbulyric acid, (C2H5)2CH-COOH, b.p. 
1907756-5 mm. ; df 0-9196, may be obtained 
by the action of sodium upon ethyl acetate, 
and treatment of the product with ethyl iodide 
(Frankland and Duppa. Annalen, 1866, 138, 
221) ; by the hydrolysi.s of diethylcarbinvl 
cyanide (Sa3'tzeff, ibid. 1878, 193, 349) ; by 
reduction of eth3'I dichloroethylacetate by 
sodium amalgam (Markownikow, Ber. 1873, 
6, 1175) ; b3' heating sodium etho.vide and 
sodium acetate in a stream of carbon mon- 
oxide (Geuther and Frolich, Annalen, 1880, 202, 
308) ; b3' heating dieth3dmalonic acid at 170°- 
180° (Conrad, ibid. 1880, 204, 141) ; by heating 
a-dicth3d-j3-hydrox3'but3-ric acid (Schnapp, ibid. 
1880, 201, 70) ; by heating dieth3dc3’anacetic 
acid with concentrated hydrochloric acid at 160° 
(Hesse, Amer. Chem. J. 1896, 18, 749). 

4. Methylpropylacelic acid or a-mcthylvaleric 
acid, CH3-CH2-CH2CH(CH3)-C02H, b.p. 
193°-194° ,- tig® 0-9279 ; 1 part water dissolves 
0-5693 part at 17°, is obtained b3' the oxidation 
oi the aldeh3-de, and 63' the reduction of meth3']- 
ethvlacr3'lie acid (Lieben and ZeiscI, Monatsh. 
1883, 4, 37, 63) ,- 63- heating a-metliyl Valero- 
lactone or isosaccharin with h3’driodic acid 
and red phosphorus (Liebennann and Scheibler, 
Ber. 1883, 16, 1823 ; Kiliani, ibid. 1885. 18, 
632) ; 53- heating a-methylpropyl-^-hydroxy- 
but3'ric acid (Jones, Annalen, 1884, 226, 292) ; 
it occurs also in rosin oil (Kelbe and Warth, 
Ber. 1882, 15, 308). 

5. Metkylisopropyiacelic acid, isoca2}roic acid, 
or a^-dimcthylbutyric acid, 

(CH3)2CH-CH(CH3)C02H, 

b.p. 189°-191°, ma3' be formed from methyliso- 
propidcarbinyl cyanide (Markownikow, Zeitsch. 
Chem. 1860, 205) ; or 63- melting camphoric 
acid with caustic alkali (Crossley and Perkin, 
J.C.S. 1898, 73, 16). 

6. Dimelhyhihylacelic acid or aa-dimethyl- 
propionic acid, (CH3)2C(C2H5)C02H, a colour- 
less liquid ; b.p. 187°, m.p. —14°, is formed 
by the action of h3-drochloric acid upon di- 
meth3'lcthylcnrbin3d C3’anide (Wischnegradsk3-, 
Annalen, 1874, 174, 56), and 63' the oxidation of 
the pinacohn of methyleth3d ketone (Lawrino- 
witsch, ibid. 1877, 185, 126). 

7. (o) P-Ethylbutyric acid or active capiroic 

acid, CH3-CH(C2H5)CH2-COOH, b.p. 196°- 
198°/770 mm. ; 0-930, is prepared by' the 

oxidation of the active he.X3dalcohol obtained 
from Roman camomile oil (Van .Romburgh, Rec. 
trav. chim. 1886, 5, 221). 

(b) Inactive ^-ethylbutyric acid ma3- be formed 
by heating secondary butylmalonic acid (Van 
Romburgh, Rec. trav. chim. 1887, 6, 153) or 
from secondary butyliodide, diethylmalonic 
ester, and sodium ethoxide (Kulisch, Monatsh. 
1893,'14, 561 ; Bcntle3’, J.C.S. 1895, 67, 267). 

CAPROKOL. Hcx3'lresorcinol dissolved in 
olive oil (Sharp and Dolime, London), B.P.C. 
1934. Used as an internal antiseptic. 

CAPRYL. S3'n. for oct3-l. 

CAPSAICIN. C.apsaicin is the active 
principle of various Capsicum species (Fam. 
Solanace.a-) especially C. aunuiim (Sjianish 
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pepper, paprika), and R. (Cayenne h^drOTides It is easily soluble m organic 

pepper). Capsaicin occurs free m the plants sohents except carbon disulphide. It forms a 
(c/. Xcstlcr, Z Xahr-Genu«.sm I90G. II, ^1), it methyl ether, m p 77°-78'’ (from dilute EtOH|, 
may be obtained bv direct sublimation from and a bemoyt ester, silky needles, m p. 74®. It 
the' plant material (Wasicky and Klein, Amer contains one double-bond which adds broimne, 
Chem. Abstr 1927, 21. 1868) . C annvum and can be hvdrogenated (Xtlson and Dauson, 
contains 02%, C fasUgxatum 01.W)5% cap- J Ainer Chem Soc 192J,45, 2179), the dih3dro' 
saicin Miko (Z Unters Xahr Genussm 1898, dematice has m p 6">° (from light petroleum) 
818) gives details for the extraction of capsaicin Byoxidationof the methji ether with perman 

from C annuum (yield 0 03%) , Nelson (Ind ganate xcratric acid was obtained (I,ap«orth 
Eng Chem 1910, 2, 419) obtained 0 14% from and Ko}]e, / c ) Acid hjdroltsis of capsaicin 
Afncan cayenne Other interesting extraction yielded 4 oxy 3 methoxy benrjlamine (tanilM 
methods are described b\ Tice (Amer J. Pharm. amine) (II) , bj alkaline hjdroljsis under pres 
1933, 105. 320 , o% jield from capsicum oil) sure (180®) an unsaturated decenjlemc and, 
and by Lapworth and Eojie (J.CS. 1919, C,jH,gOj, was obtained. The unsatiiratcd acid 
115, 1109) may be hvdrogenated when an acid, C,oH„0,, 

Capsaicin (I), C,gH„0,N, mp &l®-64 5®, is obtained which js not n c.npnmc acid (Xel 
crjstnlhscs in tablets from light petroleum son, l.e.). By oxidation of above decenvlcnic 
containing KP/o EtjO (Nelson, J. Amer. Chem acid Xelsion and Dawson (/ r ) obtained adipic 
Soc 1919, 41, 1115). It is spanngly soluble (III) and iso butjric (I\') nciils rcapectivelj. 
m HgO, soluble m caustic alkalis and is Nelsonthcreforepropovcd thcfullnwingvtrurtiire 
verj stable towards hot concentrated alkali for (I) • 


CHj NH COICHjlgCH 

MeO''' y I 


/CHj 

CH CH<; 

^ ^CH, 


(I) 


HOf CH. NH. HOOCICHjlgCOOH HOOC CH< 

>=/ ^CHg 

MeO/ U 111 IV 


XcLsonandDawson (ic )s3'nthesised Ibedibydro- crystallises in violet red needles, m p. 201‘, 
derivative, mp 05® (see and finally fiom a vaiiety of solvents und exhibits nb^uip 

Sp&th and Darling (Bcr 1930, 63, (B). 737) tion maxima at 541 5, 503, and 403 iiifiin carbon 
synthesised capsaicin disulphide It may be diffeientiated from 

Capsaicin has an extremely pungent taste, oapsanthm by the fact that it is more strongly 
1/800 mg or 1 part m 100,000 parts may still adsoibed on calcium carbonate, 
bo detected by the tongue , the pungency of Catalytic hydrogenation of capsanthm and 
the dihydro- derivative is as great as that of caworubin indicates the presence of 10 ethenoiH 
capsaicin (Nelson and Dawson, I e }, that of the liiiKagesand I carbonyl group in the former, and 
methyl ether is very nuich dimmibhed (Lapworth of 9 cthenoid linkages and 2 carbonyl groups in 
and Boyle, /c) For estimation of capsaicin the latter. The remaining two oxygen atoms 
in capsicum fruits, c/. c. Fodor (B. 1931, of both capsanthm and capsorubin are present 
Cl 1 ), Tiec (I e ) and Wasicky and Klein (f c ) as easily estenfiable hydroxy I groups. Although 
For syntheses of compounds similar to cap capsanthm does not form an oxime, the presence 
saiciii, c/ Xchon (J Amer Chem Soc. 1919, 41, of a carbonyl group has been demonstrated 
2121), Irfinge, Ebert, and Youse (i6id 1929, 51. mdirectly by the reduction of perhjdro 
1911), and an interesting paper by Ott and capsanthm with sodium and ethyl alcohol, the 
Ziraiuermann (.Annalcn, 1921, 425, 314). Schl. number ^f estenfiable hydroxyl groups thin 
CAPSANTHIN and CAPSORUBIN. increasing from 2 to 3. The nioIcciiUr formtiK 
Spanish reel pepper or paprika (Ca/wicum taken m conjunction with the function of tht 
anniiKin) contains a complex mixture of carote oxygen atoms and the number of cthinoul 

noids which have been examined with ion- linkages clearly establish the monocy die niitiiri’ 

Biderablc success by Zechmcister and ton Choi of capsanthm and the aliphatic mturc of 
noky (Annalen, 19J4, 509, 269 , 1935, 516, 30) capsorubin. Since capsanthm does not exhibit 
In addition to a- .xnd ^ carotenes, zc.nxanthm. vit.xmin A activity, it cannot contain an un 
lutein, and kryptoxanthin, two ilosely related substituted P lonone ring, a conclusion whiili is 

kctonic c.arotenoids have been isolated by confirmed by the observation that on oxiilvtion 

chromatographic methods J the more abundant with permanganate capsanthm gives as- 
of thc«e 13 capsanthm (I), C^qHjjOj, and the dimcthyNuccinic acid and dimethy Imaloiiic and 
other, present m small amount only, capsombm but not aa dimethylglutanc acid (Knrnr, 
(II). C^gH^gO^. Capsanthm separates in deep Helfenstein, Wehrh, Picper, and Mori, Hdr. 
carmme-red needles from methyl alcohol, rap. Chim. Acta, 1931, 14, 614). On this evidence 
175®-176'‘, [a]u -<-36® (m chloroform), and satisfactory formiil.'itions have been evolved fiir 
exhibits absorption maxima at 543 and 593 in/i capsanthm (I) and capsorubin (II) ; these stnic 
in carbon disulphide. It is soluble in alcohol turcs represent the two ketonic carotenoids s« 
and acetone giving crimson solutions which are two stages in the hydration of zeaxantliin (HI) 

deeper in tint than solutions of rarotrnc or Oxidation of the diacetate of capsanthm with 
lutein of the same conecntration. Capsonibm chromic neid (2 atoms O) giv es the dneetate m 
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capsantbinone (IV), CjoHjgOj, wliich, as antici- 
pated, gives anhydrocapsanthinone (V) on 
treatment with alkab. blore drastic oxidation 
of eapsantiiin diacetate with chromic anhydride 
gives capsanthylal (VI), capsylaldehyde (VII), 
and 4-hydroxy-jS-earotenone aldehyde (VIII), 
the proposed structures being in harmony with 


their spectrographic properties (Zeehmeister and 
von Cholnoky, Annalen, 1936, 523, 101). Reduc- 
tion of capsanthin with aluminium ?sopropoxide 
gives capsanthol, m.p. 170°— 176°, which exhibits 
absorption maxima at 508 and 479 m/r in carbon 
disulphide (Karrer and Hiibner, Helv. Chim. 
Acta, 1936, 19, 474). 


H,C 


CMe, 


'CO[CH:CH-CMe:CH]2-CH:CH-[CH:CMeCH:CH]j-OC 


CMCg 


CH, 


HO-HC CHvMe 


II. Capsonibln. 


MeHjC 


CHOH 



CMe, 


HjC 




co- 


OHC 




CMe, 

HjC C- 


MeC CHOH 

\c< 

I. Capsanthin. 


CMe, 

/ \ 

-C CH, 


HO 


•Hi 


CHo-Me 






CMej 

OC^ ^CHj 

MeOC CHOH 


IV. Capsantbinone. 


lo-nd; CMe 


Hj,C 


CMeg 

/ ^O- 


CH, 


CMej 


MeC CHOH 


i 11 

HO-HC CH,-Me MeCOC- 

V. Anhydrocapsanthinone. 


CH, 


-CHOH 


III. Zeaxanthln. 

(P=the polyene (Cjj) chain in Capsorubin.) 

CMe, 

HjC'^ ^CO [CH:CH'CMe:CH],[CH:CH-CH:CMe],CHO 
HO-H^ CHoMe 

VI. Capsanthylal. 

CMe, 

HjC"^ '^CO [CH:CH CMe:CH],-CH:CH-CH:CMeCH:CH-CHO 


HO-HC CH,Me 


VII. Capsylaldehyde. 


CMe, 


HgC 


CO-[CH;CH-CMe;CH],-CH;CH-CH;CMeCH;CHCHO 
HOH<^ COM, 

\c< 

Vni. 4-Hydroiy-)3-carotenone aldehyde. 

I. M. H., R. F. P., and P. S. S. 

CAPSICUM. 


Much confusion still exists 
with regard to the various species of red peppers, 
which include capsicums or chillies, Cayenne 
pepper, paprikas, and pimentos. According to 
the' British Pharmacopoeia, capsicums are the 
dried ripe fruits of Capsicum minimum Roxb., 
Von. II. — 18 


(Fam. Solanace®), whilst the United States 
Pharmacopceia defines them as the dried 
ripe fruit of Capsicum Jrutescens Linn. (Fam. 
Solanacese). Red peppers appear to have come 
originally from the American tropics and are 
first mentioned in a letter by Peter Mertyn, 
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dated September, 1493. Within a ^ery few 
jears they were brought to Europe, and their' 
cultivation has now spread to numerous parts, 
including Sierra Leone, Njasaland, Zanzibar, 
Bombay, Natal, Hungarj-, and Spam, vhflst 
another vanety is grown in Japan. Jnsh inilti 
rated every Itiown vanety for 4 jears in the 
Jiltssouri Botanical Garden, and came to the 
conclusion that there are only two species of 
the genus, one an annual or a biennial herbaceous 
plant, the other a perennial shrub. Ihc first 
13 the one roost comroonlj cultivated in Europe 
and gives ri^c to the paprikas of Hungary and 
the pimentos of Spain, though these latter are 
frequently! caUed Spanish paprika or simply 
papnka These fruits are derived from Cap- 
ticum annuum The second t3'pe is the species 
Capsicum fruleaetns, the fruits of which never 
ripen properly in temperate chmates. Thu type 
gives rise to two varieties one known as 
Capsicum frutescena proper and the other as 
Capsicum fnUacenabaccalum orsimply Capsuttm 
baccatumlAiin Capsicum minimum is a member 
of the fruUscena vanety. It u held by some 
that the Japanese capsicum is a hy bnd between 
Capsicum annuum and Capaicum frutescena The , 
capsicum plant belongs to the same family as 
the potato and the tomato, and it may generally j 
be said that whilst cultivation improves the 
size and colour of tho fruit, the flavour and 
aroma are diminished 

African chillies measure from 1 to 2 cm. in 
length, and are about 3-7 mm. in breadth. 
Japanese chillies measure 3-4 cm , while Bom> 
bay and Natal capsicums may be as much as 
10 cm. or more. The small vaneties are used 
chiefly m England and America, but the larger 
ones are preferred on the Continent. Afncan 
chillies are a dull orsnge-red in colour, the 
Japanese are a bright red, whilst Hungarian 
and Spanish paprikas are a very bright and 
arc used almost as much for their colouring 
properties as for their flavour 
^teroscapic Appearance —Wallis (Phanu J. 
1901, [iv], 13, O.'iJ , lOOJ, [iv], 15, 3) basstudicd 
the niicroscnpic iharactcnstics of the cap'icums 
cvhaustively, and summarises his results as 
follow s : 
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Chemical Composltion.~il. E Cov (“ Chemical 
Analysis of Foods,” 1926, 157) gives the follow, 
ing as the average analy tical figures for cayenne 
pepper and paprika ; 

Cayenne. 

3Ioisture 7 5-10 0 


Ash 

Water.soluble ash 
Ether extract 
Alcohol (60%) extract 
Crude fibre . . . 

Nitrogen .... 
Starch .... 


Paprika 
70-76 
61-63 
4 7- no 
9 5-lH 


1-6 4 
26-35 
15 5-19 2 
240-300 147-158 
17 5-24 5 14 5-15-0 
1-8- 22 24- 29 

0 5-1-5 — 


Numerous other figures have been published, 
notably by ^V'inton, Ogden, and JLtchell (Ann. 
Rep. Connecticut Exper. Station, 1898, 200), 
Doohttie and Ogden (J. .Amer. Chem. Soc. 1908, 
30, 1481), and Tolman and 5LtchelI (Ind. 
Eng. Chem. 1913, 5, 747). 

Bela von Bitt6 (Landw. Verauchs Stat. 1893, 
46,309) mentions that 0 7% of free fatty acids, 
chiefly' palmitic, are present m the seed*, and 
these acids are responsible for precipitation in 
tinctures made from the ground fruits. 

Nelson (J. Amer. Chem. Soc. 1919, 41, 1113; 
1920, 42, 597 , 1923, 45, 2179) has synthesised 
capsaicm, Cj,H„OjN,the pungent pnncipleof 
cayenne peppers, by condensing vanilljlamine 
and a decenoic acid. Fruits of Sierra Leone and 
Japanese clnlhes and Capsteiim annuum do not 
contain capsaicm [su, hcnctier, Miko, Z Unters 
Nahr. Genussro. 1698,818). Hungarian paprikas 
contain up to 0 01% of capsaicin, but it is not 
present in Spanish papnkas. 

VitemiB C.-~J. L. Svirhcly and A. Szcnl* 
Gyorgyi (Biochem. J. 1933, 27, 279) hate 
shown that papnka pepper is one of the nelicst 
sources of Vitamin C, of which it contams about 
02 %. 

C'ofoarinj Matitr, see CaPSvXTHiN avd Capso* 
BUBIX. 

Assay. — K. von Podor (Z. Unters. lA-bensni. 
1931.61,94) has shown that j>j mg. capMUiii 
in dry ether solution gives an intense blue 
coloration with vanadium osythlorule. A 
eimtUr reaction, wlmh is, however, not so 
sensitive, may be obtained by treating a clear 
extract (5 c.c =I g. of sample) in dry acetone 
with 9 drops of concentrated hydroihloric and 
and 0 I g of ammonium vanadate. The colour 
vanes from blue (for 0 08%) through 
green-brown (for 0 01% of capsaicin). The 
brown colour is due to the presence of carotene. 
The bliio compound has the composition 
C,»H„0,N-VOCI, 

L F. Tice (Amer. J. Pharm. 1933,105, 3J') 
describes a method of determining the capsuiciii 
in papnka by extracting 2 parts by weight id 
the dned fruit for 30-60 minutes with 100 vob. 
of dry acetone -. 5 c.c. of the extract are tmutcl 
with 1 drop of vamdium ovycliloride solutMi 
and the colour obtained coinpvred with Ihu 
given by solutions of pure capsaicm in arcti-ne 
coloured hy previous extraction of capsaiun. 
free paprika. 

The sharp taste of i-ay enne pepper is due t 
the stimulation of the' nerves in *he 'nou< 
and throat, and it has suggcftcii (d- - 
1 Month. J. Asmi*. on. Agnc. Chem. 1930, U. 
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383) that the best method of determining the 
pungency of cayenne peppers is by taste. A 
solution of capsaicin is very satisfactory, but 
difficult to prepare, and piperine is employed as 
a substitute. A standard is prepared by 
dissolving 16 mg. of piperine in 1 litre of 10% 
sucrose solution, and the amount of capsicum 
required to produce the same effect jn the throat 
is estimated. 

W. Pfahl and A. Rotsch (Z. Unters. Lebensna. 
1933, 65, 452) have demonstrated that the 
presence of paprika in sausages may be proved 
by means of a characteristic colour reaction. 
The fat is extracted and saponified, the fatty 
acids being converted into their calcium salts, 
which are washed and dried and extracted w'ith 
96% alcohol. After evaporation of the alcohol 
the residue is treated with concentrated sul- 
phuric acid, and in the presence of paprika a 
purple colour is obtained. 

Preseri'alive Action. — J. W. Corran and S. H. 
Edgar (J.S.C.I. 1933, 52, T, 149) have shown 
that cayenne pepper and its oleoresin exert no 
inhibitory action towards fermentation by j'east. 

Adulteration. — Powdered cayenne pepper 
may contain olive oil, which is added by the 
grinders in order to facilitate the process. In 
the eastern part of Europe, where paprika is 
used considerably as a condiment, adulteration 
is rife, the addition of maize meal, sawdust, bran, 
and extracted sunflower seeds, together with a 
dye, being common, while in 1923 more than a 
thousand people were partially poisoned owing 
to the addition of 20% of red lead. 

Standards . — The monograph in the British 
Pharmacopccia, 1932, is almost identical with 
that of 1914, but it is specified that the pungency 
of capsicum is unafi'ected by alkalis, although it 
is dc 8 tro 3 'ed by potassium permanganate. The 
ash must not exceed 7'0%. The regulations 
under the “ Canadian Food and Drugs Act,” 
1928, describe cayenne pepper as being the 
dried ripe fruit of C. frntescens, C. baccalum, or 
other small-fruited species of capsicum. It 
must contain not less than 15% of non-volatile 
ether extract and not more than 1'5% of starch, 
28% of crude fibre, 8% of total ash, or 1'25% 
of ash insoluble in hydrochloric acid. T. JIcL. 

CAPSICUM RESIN. The commercial 
article known ns capsicineisan oleo-rcsinous body 
of indefinite, composition. The fruits of Capsicum 
minimnm, known commonlj' as chillies, are used 
to impart a hot taste to pickles and similar 
substances, and in powder form are known ns 
caj'enne pepper. It is used to some extent in 
medicine and is to bo found in cheap brands of 
ginger beer, being used to give “ hotness ” at 
less expense than if ginger were used. If the 
crushed fruits are exhausted with ether, the 
resulting extract will contain a considerable 
amount of fatty oil. The ethereal extract is 
itself c.xtracfcd with alcohol, and this alcoholic 
extract nearly- free from fattj’ oil forms the 
capsicino of commerce. The substance chiefly 
responsible for the hot and acrid taste of 
capsicum is a bod_v discovered bj' Thresh 
(Pharm. J. iii, 6, 941) and to which he gave the 
name capsaicin (q.v.). E. J. P. 

CAPSORUBIN f. CArs.vxTiiis. 

CAPSULAR IG EN I N r. CArsuLARis. 


CAPSULAR IN, CjaHgeOe, m.p. 175°, 
[a]n —23-6°, was isolated by Saha and Chowd- 
hury (J.C.S. 1922, 121, 1044) from jute leaves, 
CoTchoruB capsularis, in 0-6% yield on ^ the 
weight of the dry leaves. The glueose obtained 
on hydrolysis with sulphuric acid is, according to 
the authors, in optically inactive admixture, 
although this is questionable. The aglucone is 
termed capsularigenin. E. F. A. 

CAPUT MORTUUM. A residue from 
destructive distillation, e.g. ferric oxide. 

CARAJURA dl- CRAdURA v. Chica 
Red or Carajuea. 

CARAJURETIN v. Caeajuein. 

CARAJURIN is the main anthocj’anin 
colouring matter of the rare red pigment cara- 
jura, prepared by the South American Indians 
from the leaves of Bignonia chica. It was 
isolated and analysed by Chapman, Perkin, and 
Robinson (J.C.S. 1927, 3015), and given the 
■empirical formula Ci,Hi 405 . Carajurin cry- 
stallised from benzene in garnet-like prismatic 
needles, and was found to have phenolic 
properties and to combine easilj' with acids 
to form uell-defined crystalline o.xonium salts. 
It contains two methoxy groups, and on, 
dcmethylation ■with boiling hydriodic acid and 
treatment with cold pyridine it yields carajuretin. 
Since there is no tendencj' to pseudo-base 
formation, a hj’droxj’l at 3 is improbable. 

The suggested formula (I) for carajuretin 
hydrochloride was confirmed by the synthesis of 
scutellareinidin chloride, an anthocyanidin 
related to the flavone scutellarein, which 
resembled carajuretin hydrochloride in every 
respect. Carajurin hydrochloride is probably (II). 
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Carajura also contains carajurone, 
CisH^Oj-OMe, 

insoluble in benzene, which is probably earn- 
jurctin monomethyl ether. 

The resemblance in tj'pe between carajurin 
and one of the less common flavoncs is of 
interest, Bin''e the natural anthoc^yanins are 
much less varied in type than the anthoxanthins. 

^ . R- S.-M. 

CARAMBOLA. The fruit of Averrhoa 
Carambola Linn., a tropical tree grown in 
America, China, India and Hawaii. It resembles 
a cucumber in general form, attaining a length of 
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4-5 in , and Sia\i«^ deeply nbbod Bidts shows a method of manufacture contains & negatiTe 
cro«s-8eclion of the form of a five pointed star, colloid which is flocculated by hydrochlone add 
It is highly acid and largely used for the making at 2 05 (Clayton, “ Colloid Aspects of Food 
of niLV'd pickles, but is sometimes eaten raw Chemistry and Technology,” 1912, p. 315); 
when fully npe. A similar hut somewhat theadsorptionof the colloid on charcoal has been 
smaller species {/!. Bthmii Linn) known miestigatcd by llaugc and Willaman (Ini 
generally as “ bihmbi ” (or in the PhiLppines as Eng. Cliem. 1927, 19, 914) Similarities mth 
camias ”) finds similar uses. The fruits neigh the colloids of molasses have been pointed out 
from J to IJ oz. Vy Joszt anil Mobnski (KoUoid Bcih. 1935, 42, 

According to Del Bosano (Philippine J. Sci. 367) 

1913, 8, 59) a considerable proportion of the Caramel is a complex mixture, and not much 
acidity of both fnuts is duo to oxahe acid, is known of its constitution. Its colloid charac 
although other wntera express some doubt on ter is discussed by G. ion Elbe (J. Amer. Chem 
this matter. Soc. 1936, 58, 600). Its pnndpal constituents 

Eeeorded analyses (expressed as percentage appear to be earatn£lan, earameUn, and eara 
of green frmt) are • me/ia ; Sfarcusson (Z. angew. Chem. 1927, 40, 

'333) found also caramehc acid, but the existence 
of this IS denied by Fuchs (ibid. 1028, 41, 83). 

Caramelan, CkHjjOi or 
constituent of caramel, is obtained nearly pure 
by heating a laivulose solution on a water bath 
or by heating sucrose at 170°— 180“ till 12% of 
Its weight IS lost. It is a brittle brown sohi 
bitter and odourless, m.p. 136°, dehquescent, 
soluble in 84% alcohol, pyndme, methyl alcohol, 
or hot glacial arctic acid, insoluble in ether and 
benzene. It reduces Fehhng’s solution, eilicr 
nitrate and gold salts. Aicohohe lead acetate 
precipitates C]{H]| 0 .’PbO, ammomacal lead 
in^O 18 llti) acetate, C„H,gOg'2PbO; resorcinol or pbloro- 

* * Calculated as oxalic acid glucino! gives a red precipitate soluble in alcohol 

A- G. Po. or alkalis. Caramelaa forms a yellow teira 
CAR AM EL is the brown substance produced acetcle, m.p 107% insolublo in water or ether, 
by the action of heat on glucose or invert sugar, soluble in benzene, hot alcohol, or gladnl acetio 
and used for colounng or flavourwg ranous acid, a pale buff coloured telnbtntoaU, tap. 
dnnks and foods All shades of brown, to nearly I0o°-I08°, soluble in acetone, chloroforn, 
black, can be obtained according to the method alcohol, or benzene, insoluble in water, ether 
of manufacture, nhjch vanes with the use for and bgbt petroleum, and a yellow IttranilraU 
which the product is intended. Originally, the which inflames violently on warming and is 
sugar was neated to frothing point in an open readily soluble in alcohol, ether or benzene, 
pan : later, an alkali hydroxide or carbonate insoluble in water. It appears to bo a tetra- 
was added It is now usual to conduct the hydroxy alcohol and to contain one CO or 
operation in a closed vessel, with the addition CHO-group per Cgg unit, i^ee Cunningham snd 
of ammonia or ammonium salts (Salamon and Dor€e(J.C.S. 1917, 111,589). 

Goldie, J.S C.I. 1900, 19, 301 ; Ling and Is'aDji. Caratnekn, CggHggOgg, la separated from 
i6irf. 1922, 41, 151T) or of calcium carbonate caramelan by extracting with 84% alcohol 
(Gartno-Citmna, Notiz. chim. lod. 1927, 2. exhausting with cold water, and precipitafiag 
133). The pTOiluct may be purified by steam with absolute alcohol (Blyth and Cox, it.)- 
distillation (Albrecht, B P. 346136) or dialysis It is a brittle soLd, darker than caramelan and 
(Beal and ZoUer, J. Amer. Fharm. Assoc. 1914, of great tiqctonal power, readily soluble m 
3, 495). The manufacture of caramel from water but not dehquescent, sparingly aoluhla 
molasses is desenbed by ^tkkermann (Arch, in alcohol, insoluble in ether. It reduces 
Suikerind. Xed.-Indie, 1930, 38, 677). Baja Fefalmg's solution and forms compounds with 
(Beqtund. 1932, 1, 53, 74 ; 1032, B, 1100) lead similar to those of caramelan (Cunmnghsm 

has investigated the effect on the product of and Dor4e, f.e,). 
glucose, dextrins, and proteins in the starting Caramelin, C„H„0 

IS or CggHjogOg], b a 

material ; he recommends replacing part of the nearly black, infusible substance, a mixture of 
glucose by invert sugar or boney, but not by tsomerides A, B, and C, A ia soluble in cold 
molasses. According to Ripp (Z. Ver- deot. water, B soluble in hot water, and C insoluble- 
Zucker-Ind. 1926, 637) the nitrogenous sub- A posses into B on evaporating its aqueous 
stances present determine the depth of colour of solution. The soluble forms reduce Fehhng’s 
the product. solution and silver and gold salts, and give 

Caramel forma a porous, amorphous, bnttle precipitates with lead salts (Cunningham and 
mass of m.p. 134°-13G% dehqnescent and Dor^, i.c.). 

partially soluble in alcohol. It has a more or Deieclim and Eatxmation of Caramel. — Some 
JcM bitter taste and is not fermentable. JIa wines contain natural caramel (ilaathaaSB, 
spectrum has no definite absorption bands, but Z. Unters. Lebensm. 1933, 66, 254), bat in 
the blue side is extinguished, as in the case of general artificial addition js to be suspected if 
ferric chloride (Blyth and Cox, “ Foods,” 1927, the brown colour of a Uquid doea not disappear 
7th ed., p. 93). The product of Garino-C^nina’s on shaking with tsnnic acid (Blyth and Cor, 


6 00 0 2-10 74 — — 0 61 0 42 

8 2-’ 0 72 0 7G 1 01 * 3 40 I 21 0 42 
514 068 1 39 — — 061 036 


* Philirpine fruit Adriano et al (Philippine A«ne 
1022 , 14 , 57 ) 

* Jianaiian fruit quoted b> WInton. "Stnicture and 
Conipo'Itlon of Poods ” yPileT, New Yofk, 1932-1932 

* rhlliiipine frull tdnano rt al. (Philippine Agne 
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op. cil.). Fullers’ earth also removes the colour 
due to caramel. Paraldehyde and alcohol give 
a brou'n precipitate soluble in water ; the colour 
of this solution may be used as a measure of the 
caramel present (Blyth and Cox ; ^Voodman, 
“Food Analysis,"’ 1924, 2nd cd., p. 83 ; Heuss, Z. 
gcs. Brauw. 1918, 41, 108). Caramel may also 
bo estimated eolorimetrieally after extraction 
by a mixture of amyl alcohol, toluene and 
tartaric acid (Williams, U.S.P. 1689901) or 
spectroscopically by absorption of tlie blue end 
of the spectrum by an aqueous solution (Stolle, 
Chem. Zentr. 1899, (5), 3, ii, 1099). From the 
solution of the paraldehyde precipitate, phenyl 
hydrazine precipitates a substance similar to an 
osazone but amorphous ; this can be used for the 
estimation of caramel. Lead acetate gives a 
j’cUow to brown colour if caramel is present. The 
presence of hydroxymethylfurfural associated 
with caramel is shown by a red colour , with 
resorcinol (Ronncl, Ann. Falsif. 1912, 5, 517), 
a violet colour with /3-naphthol in sulphuric acid, 
or an orangc-j''eliow colour with phenol in 
Buljjhuric acid (Schenk, Apoth.-Ztg. 1914, 29, 
202 ; J.S.C.I. 1914, 33, 369). Reduction of 
Fehling’s solution may be used for the estima- 
tion of caramel if anj' dextrose present is 
previously removed. Slethods of determining 
caramel on coffee beans roasted with sugar have 
been investigated by Fresenius and Griinhut 
(Z. anal. Chem. 1897, 36, 225) ; Hilger’s method, 
modified hy Eifo and Medrano (Anal. Fis. 
Quim. [teen.], 1929, 27, 313), is said to be the 
best. It consists in extracting with water and 
90% alcohol (1:1), evaiwrating and weighing 
tlio residue, subtracting a constant to allow for 
soluble constituents of the coffee itself. In milk, 
caramel is detected by a blui.sh-violet colour 
jiroduccd on covering the curd with concentrated 
hydrochloric acid (Blyth and Cox, op. ciC.). 

Caramel may itself be adulterated with coal- 
tar dyes. These are detected by double dyeing 
from a very dilute solution, using tartaric acid 
as a fixing agent (Noel, Pharni. Zentr. 1920, 67, 
33). The detection of sugar, starch syrup, and 
invert sugar may be carried out by a modifi- 
eation of Ivruishecr’s method (Aleksandrov and 
Siilisehtschcva, Schr. zentr. Forechungsinst. 
Lebensm. U.S.S.R. 1933, 4, 33). 

CARANA. A soft olco-rcsin allied to 
Brazilian clomi, probably derived from Prolium 
enrana March, and allied species. 

CARAPA OIL. Crabwood oil, Touloucouna 
oil, AiirUioba oil. These names comprise a 
group of similar oils from the seeds of species of 
Caiapa (Fam. Meliacca:). The most important 
of these oils, known as crabwood oil, or, in 
Brazil, ns Andirobn oil, is obtained from Carapa 
tjitiaiiDisis Aubl. (=C. giiyancnsis Anbl.), a 
tree growing in the West Indies and in Central 
and South .‘\mcriea. The oil is produced by 
crude native methods and is used locally as a 
liniment and insect-repellent (c/. dc Verfeuil, 
Agrie. Ree. Trinidad, 1899, August, p. 17), and 
also as an illuminant. Its industrial use for soap- 
making is being developed (166,000 litres of oil 
were exi)ortcd from Brazil in 1920). The 
characteristics of the oil arc ns follows : m.p. 
2S°C. (partly liquid at 15°C.) ; 0-8572 ; 

acid value, up to 37 ; s,aponifiration value 197 ; 


iodine value 57-3— 64-5 ; unsaponifiable matter 
0-6% ; f.p. of the fatty acids 3o-8°C. (c/. Bolton 
and Hewer, Analyst, 1917, 42, 35 ; Bull. Imp. 
Inst. 1928, 26, 411). Several samples of oil 
examined by Bolton and Hewer were found to 
display slight optical activity. 

A similar oil is obtained from the African 
tree C. procera DC. {=G. gtiyanensis Oliv., C. 
foiiloucouiia Guill. and Ferr., C. guineensis^ 
Don. and Sweet., G. microcarpa A. Chev.)." 
Lewkowitsch (Analyst, 1909,' 34, 10) gives the 
following figures for the cold-pressed oil from 
seeds from Sierra Leone : djj 0-9272 ; m.p. 
15°-36'’C. ; saponification value 197-1 ; iodine 
value 75-7 (Wright, Bull. Dept. Agric. Trinidad; 
1910, (9), No. 65, gives iodine values ot 
58-5-67-7— for G. procera ?) ; mean molecular 
weight of the fatty acids 291-5. Lewkowitsch 
also reports data for a hot-pressed oil. 

C. grandijlora, Sprague, from Uganda (Lewko- 
witseh, Anal^’st, 1908, 33, 184) is a distinct 
species, but 3-ields a similar oil. J. L. and E. L. 

CARAWAY. The dried fruit (seed) of 
CarumCarvi Linn. (Fam. Umbellifera:), a native 
of West Africa, and largely cultivated in 
Europe and America. The plant is a biennial, 
growing to a height of 2-3 ft., and is not unlike 
pai-sley in appearance. It flowei-s in May and 
June, but the best fruits are only collected in the 
second year. The mericarps are usually separate 
from the pedicel, and vary from 3 to 7 mm. in 
length and 1-5 to 2 mm. in breadth ; they are 
slightly curved and taper towards each end. The 
cross-section of the fruit is almost that of 
a i-eguiar pentagon, the commissural surface 
being slightlj- greater than the four comprising 
the dorsal surface. The cross-section also shows 
the presence of six vitt.-B or oil cells, of which two 
are on the commissural side. The fruit is similar 
to fennel seed, but is shorter and more slender. 
It is largely used for flavouring purposes, though 
it is not as popular as formerly. It is also used 
as a carminative. 

Alicroscojiic Appearance . — The epidermal cells 
have a very thick striated cuticle, and stomata 
are present. The mesocarp consists of more or 
less collapsed parcnchj-ma, though the reticu- 
lated cells found in fennel are absent. The vittm 
arc very large, and may be as much as 350p in 
tangential diameter. The endosperm and em- 
brj'o arc very similar to fennel in structure, 
being without grooves and containing fixed oil, 
aleurone grains (q.v.), and rosette aggregates of 
calcium oxalate about Ip in diameter. 

Ghemical Composition. — H. E. Cox, “ Chemical 
Anal^-.sis of Foods,” 1926, p. 171, gives the 
following composition : 


Moisture 11-5-15-5 

Ash 5-5- 6-7 

Water-soluble ash 2-0- 2-2 

Volatile oil 2-7- 8-2 

Fixed oil and resin .... 6-2-10-1 

Ci-udc fibre 17-5-22-3 

Nifi-ogen 5.9- 6-4 


Probably the most satisfactorj’ method of 
determining the amount of essential oil present 
in the seeds is bv the process of Cocking and 
Middleton (Quart. J. Pharm. 1935, 8, 435). 
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The crushed seeds are mixed with brine solution, 
distilled, and the vapours passed through the 
top of a condenser into a graduated tube, m 
which tJie oil is collected, whilst the condensed 
w atcr IS returned to the distillation flask. "These 
authors find that the yield of oil is increased by 
about 0 6-0 7% if the fruits are pow dered before 
disliUation, but that the powdered seeds tend to 
lose volatile oil on keeping. Commercial 
powdered seeds contain from 2 3 to 3 9% of 
volatile oil. For further details of the od, tee 
Cas-tway, Esse>tl4l Oil oy. 

Standards . — The British Pharmacopoeia re- 
quires an ash content of not more than 
with aiid-insoluble ash less than 1 5% The 
United States Pharmacopmia requires an ash 
content of not more than 8%. 

Adulteration . — Caraway seeds are often adul- 
terated with exhausted (extracted) fruits, these 
are much darker in colour than those which have 
not been treated. T McL. 

CARAWAY, ESSENTIAL OIL OF. 
The oil distilled is from the fresh caraway seed 
(c supra). The jneld of oil is 4 0-6-5%. 

Constituent}. — The chief constituent of this 
oil IS carx one (9 1.), to w hich the odour and taste 
are mainly due. A good oil contains at least 
50^^ of can one. The remainder of the od 
consists of the terpene d.carvene. identical with 
(/•limonene, and m addition small quantities of 
deh>drocarvono,car^eole,dehydrocst\-eole Car- 
X one forms a characterutio crj'stalline compound 
with sulphuretted hydrogen when the latter is 
passed into a solution of the oil in alcohol 
saturated with ammonia gas. 

Characters . — It is a colourless or pale yellow 
oil, sp gr. 0 910-0 920 at 15 5”, optical rotation 
-f70* to -hSO*. n® 1 485-1-492. It is soluble m 
an equal volume of alcohol 90^^, and in 7 vols. 
of alcohol 80%. The percentage of carxone is 
determined by the riydroxjumine method. 
Caraway oil is used chiefly for flavouring pur- 
poses and in medicine as a carminative C.T. B. 

CARBAMICACID. H,N COOH. Ammo- 
formic acid. An acid not known in the free 
state Ammonium carbamate is, fiowcver, met 
with in freshly sublimwl commernal ammo- 
nium carbonate, and may be prepared by mixing 
gaseous amniunia and carbon dioxide. Ubtained 
also by the action of alkaline solution of potas- 
sium permanganate on albumen, leiiiine, tyro- 
sine, and glycoeoll. 

CARBASONE, p carbammophenjlarsonic 
acid (r. Absesicals, Oboamc). 

CARBAZIDE c Cardizoimide. 

CARBAZINES and CAR8AZONES r. 

ACBIOr>E DiESTfBFS. , 

CARBAZOIMIDE, carbonyl azide (basl 
been called earhazide and carbonyl nitride), \ 
Nj'CO'Nj. Long needles with a penetrating! 
odour, oLuined by extracting with ether a 
cold mixture of solutions of 2 mols. wxlium 
nitrite and 1 mol. carbohjilrazide hydro* 
chlonde. Explodes xiolently on friction and 
even when exposed to light. \'iry soluble in 
water, alcohol, and ether. Extremely volatile. 
The aqueous solution decomposes slowly into 
carbon dioxide and hydrazoic acid (Curtius and 
Heidenrcuh. Her. 1894, 27. iCSI ; J. jir. Chem I 
1897, [ii]. 52. 454). I 


CARBAZOLE, C„HgN, 
NHi 




Syntheses . — Carbazole is formed by pjrolysii 
of aniline, diphenylamine (Graebe, Ber. 1872, 
5. 377 ; Annalen, 1873, 167, 128). methyl 
diphenylamine (idem. Annalen, 1874, 174, ISi), 
or2-aminodiphenjl (Blank, Ber. 1891, 24, 306) 
It is produced in good yield by heating 2 2'* 
diaminodiphcnyl with 25% HjSOj or 15% 
HCI at 200°C. (Tauber. Ber. 1891, 24. 200), or 
by reduction of the diazoniura solution pre. 
pared from 2 2'.diammodiphenyl. eg. with 
potassium hydrosulphide (idem , ibtd. 1893, 26, 
1703). l-Phenyl-benztnazolo, 




r 


N 

-NPh 


itself obtained from 0 ammodiphenyhmine and 
nitrous acid, yields carbazole when heated at 
360* (Graebe and Ullmann, Annalen, 1896, 291, 
> 61 . 

Tetrahydrocarbazole, obtained on boiling 
cyclohexanone phenylhydrazone with hydro 
chloric acid (\V Borschc el al , Annalen, 1008, 
359, 49) when muxed with hydrogen and passed 
overa catalyst containing copper, chrorajujn.and 
barium oxides, and Dorida earth is converted 
to pure carbazole (F.P. 744595, 1933). Other 
dehyilrogenatmg agents may be used. 

Carbazole is formed m tlic dry distillation of 
sttychmne and m the distillation of brurine 
with zinc dust (Loebisch and Schopp, Monatsh 
1886. 7. 614) 

jlfanu/flciiire from Coal Tar . — Carbazole » 
produced in the dry distill ition of coal (for dis- 
cussion. see Stemart and bcliulz, Cliim. et Ind. 
1934. 31, 507-513, 766-772), and appears in 
th« anthracene fraction of lo.xl txr hoiliiM 
between 320* and 360*0. The solids deposited 
on coolmg this fraction icmtam about IW% of 
anthracene, 22% of carbazole, and 48% of 
pheinnthrene and other hydrocarlioiis (L '!• 
Clark.Ind Eng Chcin. 1919, 11.2i)l). It be 
isoLitcd from the raw .xnthractno by tomti>i'iii 
to its potassium dcriv itivo with solid KOH nnu 
suliscquent decomposition of the diri'.itivc with 
water. 

KOH-C^jH^ NK-|-H,0 

A separation of a inuture of nnthrnccnc 
hydrocarbons and larb.izule is i fleeted either 
by extraction of the former with c.irlxin tetra- 
chloride {U.S P. 1672630) or of the htter wUh 
crude pindinc bases (E. Kcnngolt, Clicni 
>932. 66, 909) Hydrogenation at Ingb t®'"- 
peratures and pressures of tar fractions with a 
molybdenum - chromium • m.-inganise catal'»‘ 
(B.P. 340585) or with a catalyst lompoW d 
alkali or nikalmc earth metals or their hjdndw 
(F.P. 733704) yields a product from wh'^ 

cirliazole nm\ 1^ isuLitcd by vaciimiMlistillation 

and rrystallisatioii from the crude comlcnsatc 
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Pure carbazole may be obtained from impure 
commercial samples by extraction of accom- 
panying phcnanthrene with solvent naphthas, 
siilphonation of the anthracene with cold 98% 
sulphuric acid, and sublimation of the residual 
carbazole (Clark, Ind. Eng. Chem. 1919, 11, 208). 

Projperlies. — Carbazole may be obtained as 
leaves and needles by sublimation or by recr3’S- 
tallisation from toluene. It has m.p. 245°, 
b.p. 354°-355°, and is weakly triboluminescent. 

Chemical Character and Tests . — Carbazole is 
an extremely stable compound and is unchanged 
by distillation over glowing zinc dust (Gracbe, 
1872, B, 5, 13). It is onlj' verj' weaklj’ basic and 
dissolves unchanged in cold cone. H2SO4, and 
is reprccipitated on dilution with water. 

Carbazole may be reduced catalytically par- 
tially or completely. On its reduction with red 
pho.sphorus and hj’driodic acid'“ carbazolcnc,” 
or l:2:3:4:10:ll-hc.\ah3'drocarbazole, is produced 
(Gracbe and Glaser, Annalen, 1872, 163, 352). 
Reduction of carbazole with sodium and amjd 
alcohol j-iclds 1 :4-dihj’dro- and 1 :2:3:4-fctra- 
hj’dro-carbazole (Zanetti, Bcr. 1893, 26, 2006). 

Tire onlj’ well characterised products which 
have been obtained by oxidation of carbazole 
are two' isomeric dicarbazjds, m.p. 220° and 265° 
respectively (Perkin andTucker, J.C.S. 1921,119, 
216). The former is 9:9’-dicarbazyl (McLintock 
and Tucker, ibid., 1927, 1214). 

Carbazole gives several colour reactions, e.g. 
it may bo detected in the presence of diphenyl- 
amine by dissolving the mixture in benzene, 
carefully adding a few drops of 70% H5SO4, 
avoiding mixing, and finaliy adding 1 drop of 
3% HjOj. In the presence of carbazole a green 
tint appears at the interface of the two layers 
(Stemart and Schulz (i.c.) ). 

On melting together carbazole and oxalic acid 
“ carbazole blue,” the formate of tri-(3)- 
carbazj-l carbinol, [Ci2HgN]3C(OH), is pro- 
duced (Bamberger and Muller, Ber. 1887, 20, 
1903 ; Copisarow, Trans. Ceram. Soc. 1920, 
1542). 

Derivatives of Carbazole . — Derivatives of 
carbazole may be obtained by total sjmtheses 
similar to those already mentioned for the 
parent compound or, usually' more conveniently, 
starting from carbazole itself. 

Thej’ maj’ be considered in the two classes : 

(1) N -derivatives. 

(2) C-derivatives. 

(1) N-dcrivatives. — Carb.azole reacts with solid 
caustic potash giving a N -potassium deriva- 
tive, and with methj-l magnesium iodide giving 
the compound, CjjHgN-Mgl. 

N-alplu-l-carbazolcs may be prepared from the 
potassium compound and alphyl-halides, pre- 
ferably iodides, under fairly mild conditions. 

N-acj-l-carbazoles may be obtained from the 
potassium or magnesium derivative and acyl 
lialides. 

N-nrcli/Icarhazolc, m.p. 76°, is formed from 
carbazole and acetic nnh3-drido in the presence 
of sulphuric acid or ferric chloride at 98°C. 
(Bocsekin, Rec. trav. chim. 1912, 31, 361). N- 
oxgmclhtjl carbazole, m.p. 127°, is formed from 
forinaldchyde, carbazole, and alkali carbonate 
in alcohol (G.P. 250757). On heating with' acids 
it is converted to 3:3'-meth3'IenedicarbazoIo. 


IVith nitrous acid (acetic acid and potassium 
nitrite) carbazole yields H-nitrosocnrbazolc 
m.p. 82° (IVieland, Annalen, 1912, 392, 182). 

Potassium carbazole with carbon-dioxide is 
converted to potassium carbazole- N -carboxylate. 
This when heated in a stream of carbon dioxide at 
270° yields carbazole- 1 -carboxylic acid (Briscoo 
and Plant, J.C.S. 1928, 1991), while at 28.5° the 
2-carboxvlic acid is formed (Plant and 'Williams, 
J.C.S. 1934, 1142). Above 300°C. or under pres- 
sure a carbazole dicarbo.xylic acid is produced. 

(2) C-derivatives . — Carbazole or N-acylcar- 
bazoles possess in general the reactivity of 
members of the benzene series and may be simi- 
larly nitrated, sulphonated or halogenated. 

Usually substituents enter successively the 
3, 6, 1, and 8 positions and then those remain- 
ing, but there are e.xceptions to this order. 

Nitro-derivati%'cs may be reduced to amino- 
compounds and thence converted, through the 
diazonium-salts, to nitriles, etc. Sulphonic-acid 
groups in carbazole ma3’ be replaced step by step 
with hydroxyl groups by means of caustic 
alkali [e.g. G.P. 580319). Remaining -SO3H 
groups may be removed by subjecting the 
product, for example, to the action of dilute 
acid at 180°C. under pressure (G.P. 258298). 
Carbo.xyl groups may be introduced into certain 
hydroxy carbazoles by the action of alkali and 
CO5 {e.g. G.P. 586804). 

Alkt/l Carbazoles . — Alkyl carbazoles may be 
synthesised by the general methods given for 
earbazole itself. An example of another interest- 
ing mode of synthesis is illustrated by the 
following example : 


Me 


Br, 


MeBr 


Me' 




Me! 


jj-toluideuc. 


Me 



NH 

UMe 

re.irrango 


Me, 



Me'l 


with HCI 

Me' 

Me,X^ 



NHj 

OH 

•Me 


Zn 

dust 


NH 




Me'i 


Me 


(Fries, B5kcr, and Wallbaum, .Annalen, 1934, 
509, 73.) 
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According to U.S.P. 1972232 carbazole may] 
be mono* and poly- aliylated with alefinesnnder 
normal or increased pressure at 50*-200^ 
using alnminium- or feme- chloride as catalyst. 
Soft resinous materials are obtained by the 
reaction of carbazole with olefines in the presence 
of a hydrosilicate material with a large surface 
(U.S.P. 1916029). I 

Carhatyl Ketor,ts. — In recent jeara the apph-| 
cation of Fnedel and Craft’s reaction to carhatole I 
has been the matter of sercral researches. It 
appears that unsubstituted carbazoles and N- 
alJc)l carbazoles give 3 6 diacyltarbazdlta with 
ac^lhahdcs and aluminium chlonde. N-acyl 
carbazoles with AlClj alone rearrange to the 
3 acylcarbazoles, but in the presence of acyl- 
halide 2.9-diacyl compounds are product 
(Plant, Rogers, and Williams, J.C.S. 1935, 
741). On fusion with alkah the carbazyl- 
ketones peld the corresponding carboryhc 
acids (e.y. Plant and Williams, J C.S. 1934, 
1142). 

TJea. — The chief use of carbazole is aa a 
dyestuff intermediate. 

When carbazole is condensed with nittoso- 
phenol m sulphunc acid at a low tempera- 
ture, carbazole mdophenol, 

O'-Cl-o- 

is producc<l. 

On heating this substance or its leuco 
denvatire with sodium polysulphide the im- 
portant ds estuff “ Hydron-Blue ” is formed 
(Q.P. 218371). 

Carbazole hydrory sulpbonic and carborjlic- 
acids, etc., may be used as secondary components 
in azo d)cs, *Th- tctrazo-compound from 3.6- 
diammocarbazolc, like other tetrazo compounds 
of bcnzidcne denratires, is used in the prepara- 
tion of direct cotton dyes. 

Figments may be obtained by condensation of 
Lcnzoquuionc and carbazole derivatives, « g. of 
cblonintl with 3-aniino-N-ethyI.carbazole (B.P. 
387565, 1933), Certain aiwslhftJis are derired 
from carbazole. The diethylaminoetbyl eater 
of carbazole-N carboxylic acid, for example, is 
cited as a local anxsthctic (“ carbacaine ”) (J. 
Pharmacol. 1933, 47, 69). 

CARBAZOLE DYESTUFFS r. Amuba- 
QtnxoiE DyEsTfrrs. 

CARBIDES. Carbon forms binary com- 
poimds, •* carbides,” with the majority of the 
elements. These compounds exhibit a remark- 
able range in their properties and methods of 
preparation : thus gold carbide, AujC| (also 
termed aurous acctylide), explodes when gently 
brushed from tho Clter paper on which rt has 
been dried or when heated aboie 63® (Mathews 
and Watters, J. Amer. Chem. Soc. 19W, 22, 
lOS), whilst the inert tantalum carbide, TaC, 
m.p. about 4,150® absolute, is extremely resistant 
to chemical attack and is one of tho hardest 
artificial matenals (Agte and Alterthuui, Z. 
techn. Physik, 1930. 11, 18 ; Chem. Zentr. 
1930, ii, 182). The preparation of heavy metal , 
carbides in the eleetne furnace (Moissan, “ Hio 


Electric Furnace,” E. Arnold, London, 1904) 
may be contrasted nith the method used by 
the same investigator for preparing pure car. 
bides of sodium and potassium of nliich the 
first stage is the action of acetylene on the 
solution of the alkah metal in hquid ammonia 
at -40® (Compt. rend. 1898, 127, 917). 

OccttfTence.-^rystals of an iron carbide or 
ctAtnttt, (FeNiCo)3C, have been found m 
meteorites (E. Weinshenk, Ann. Mus Wwn, 
1889, 4, 94) and in the basalt of Ovifak (for a 
differing formula, f, 1928, A, 864). Sloissanite, 
CSi (c/. carborundum), was found in a meteonte 
of Canon Diablo, Anzona, by Moissan (Compt, 
rend. 1904, 139, 778 ; 1905, 140, 405 ; e/. 
Kunz, Amer. J. Sci. 1905, 19, 396). Natural 
carbides of heavy metals are of interest m con- 
nection with Mendel^cf's theory of the origin 
of petroleum (Wagner, Bcr. 1877, 10, 229; 
Mendelcef, “ Pnnciples of Chemistry," I, p. 403, 
Longmans, Green & Co , London, 1905). 
According to this theory water penetratmg to 
depths where metalhc carbides are subjected to 
high temperatures and pressures, will, by inter- 
action, form gaseous and liquid hydrocarbons 
resembling those in crude petroleum. The 
considerable hterature of the theory is sum- 
marised adi erselv, m Engler-Hoefer, “ Das 
Etdoel,” 1909, II.'63. 

Uittory. — H. Davy observed the properties 
of a product containing potassium carbide 
(PhiL Trans. 1809, 99, 39, 71). Edmund Dary 
made a quantitative examination of a crude 
potassium carbide, obtained by heating calcined 
cream of tartar with potassium carbonate, and 
of the gas generated from it by tho action of 
water, but his correct determinations were 
overlooked for many years (Rep- But- Afioc. 
1836. 62, 63 ; Trans. Roy. Irish Acad. 1839, 
18, 80). Berthelot m the coune of his researches 
on acetyleno studied cuprous acetylide, Cu.C,, 
and its double sjts (Ann. Chim. Phys 1S03, 
(iuj, 67, 62). Later he made the carbides of 
potassium and sodium by heating the metals 
m acetylene (tbxd. 1866, [iv], 9, 385) Moissan, 
employing his electric furnace, prepared a largo 
number of crystalhne carbides by fusing a 
aetai cr ita or rarbOTufe with charcoal 

(Compt. rend. 1894, 118, 501 ; c/. 0. Honig- 
acbmid. *' Karbide und Silicide,” W. Knapp. 
Hallc/Sanle. 1914; Moissan, “The Electnc 
Furnace," v.j.). Although Moissan prepared 
in this way calcium carbide in 1892 its industrial 
manufacture arose independently in the U.SA. 
(Willson, U.S.P. 492377, Aug, 6, 1892 ; «« 
Vol. I, p. 106, and Calcitm Cabbide, this 
volume, p. 216). In 1890 Acheson, while en- 
deavouring to crystallise carbon by dissolimg 
it in fused aluminium silicate m an electnc arc, 
ohtamed aihcon carbide, SiC, i.<. carborundu^n 
(7U.; see olso Chem. News, 1693, 68, 179 ; 
J. Franklin Inst. 1893, 136, 194. 279 ; 1^. 
155, 465 ; B.P, 17911, 1692 ; 12221, 18339, 
1893 ; 11473, 1895). A carbide of technical im- 
portance although not manufactured aeparateiv 
is ccmentite (g.f.), Fe,C, hard crystaU which 
form part of the structure of cast iron an 
Btcel ; it was isolated by dissolving Bwsemcc 
ateel in dilute sulphuric acid (P. ‘ 

Ver. deut, Ing. 1578, 22, 456 ; Mjlms, FocnUi. 
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and Schoene, Z. anorg. Chem. 1897, 13, 38). 
Followng the discovery of the artificial abrasive 
carbide, carborundum, much attention has been 
given to electric furnace processes for the pro- 
duction of hard and refractory sjTithetio sub- 
stances such as the carbides of boron (this vol., 
p. 44) and of titanium, tungsten, molybdenum, 
vanadium, tantalum, and zirconium. The last 
named carbides arc used as constituents of iron- 
carbon alloys, containing also other metals, for 
the production of cutting tools superior to those 
of high-speed steel. Jloissan had noticed the 
hardness of the carbides of molybdenum, tung- 
sten, and chromium (“ The Electric Furnace,” 
p. 254) and Friederieh called attention to this 
property in the case of the rare metal carbides 
(Fortsch. Chem. Phj’sik. Physikal. Chem. 1926, 
18, 12). K. Becker discusses their manu- 
facture and uses in “ Hochschmclzende Hart- 
stoffe und ihre technische Anwendung,” 2nd 
cd., 1935. Verlag Chemie G.m.b.H., Berlin. 

Non-metals. — One of the few remaining 
gaps in the list of carbides of the non-metals 
was filled by de Jlahler’s preparation of 
phosphorus carbide, P2C5, a white amorphous 
substance obtained by the action of phos- 
phorus trichloride on lotsitsch’s compound, 
Mgl-CiC-Mgl (J.C.S. 1914, 106, i, 393 ; de 
Mahler, Bull. Soc. chim. 1921, [iv], 29, 1071). 
Arsenic carbide, ASjCj, was also prepared. 

Alkali Metals. — Guernsey and Sherman 
(J. Amor. Chem. Soc. 1926, 48, 141) prepared 
pure white NajCj by the method of Berthelot 
((.c.) at 220°, decomposition being avoided by 
adequate mixing of the melted sodium with the 
acetylene. With little water the compound 
liberates acetylene, but with a large excess an 
explosion occurs with deposit of carbon, and 
when ground in a mortar with sulphates or 
chlorides of the heavy metals explosive reactions 
take place. Treatment with iodine gives Cjlj. 

Jlclted potassium inffames in acetylene ; the 
pure carbide, KjCj, was prepared by Jloissan 
(Compt. rend. 1898, 127, 911) by heating in 
vacuo the precipitate obtained by passing 
acetylene into a solution of potassium in liquid 
ammonia cooled to —40°. 

Magnesium Carbides. — Novak (Ber. 1909, 
42, 4209 ; Z. phpikal. Chem. 1910, 73, 513) by 
heating magnesium in acetylene to 400°-500° 
obtained mixtures of MgCj and Mg^Cj, and 
a maximum of the latter compound at 545°. 
MgCj yields acetylene with water, but Mg^C, 
gives allylcne : 

'VlF2C3-l-4HjO=2Mg(OH)2-l-CH3C:CH 

Silver, copper, and mercury carbides are 
described in the article Acetylene, Vol. I, 
82 1. Durand (Compt. rend. 1923, 177, 693) 
mixed calcium carbide with cupric chloride 
solution and by treating the residue unth dilute 
acetic acid obtained explosive cupric acetylide, 
CuCg. 

Gold. Aurous carbide, AiijC;, is pre- 
cipitated when acetylene is passed info a 
strongly ammoniacal solution of aurous sodium 
thiosulphate, Na3Au(S503)j (Mathews and 
Watters, he.). Au, Ag, and Cu do not 
form carbides when the metals are fused in 
contact with charcoal. 


Lead. Plumbous acetylide, PbCj, is con- 
tained in the grey precipitate given by calcium 
Carbide in normal lead acetate solution (Durand, 
I.C.). 

Beryllium carbide, Be2C, from BeO and 
charcoal in an electric furnace (Lebeau, 
Compt. rend. 1895, 121, 496) is harder than 
quartz and when treated with water evolves 
methane. 

Zinc carbide, ZnCo, an unstable white comr 
pound was obtained by the action of acetylene 
on zinc ethyl in light petroleum (Durand, 
Compt. rend. 1923, 176, 992). 

Aluminium carbide, AI 4 C 3 , from the ele- 
ments at 2,000° in a hydrogen atmosphere. 
The best preparation contained 83% Ai4C3 and 
6-7 % A 1 N . The gas evolved by treatment with 
hydrochloric acid contained 97-5% CH^ (Ruff 
and Jellinek, Z. anorg. Chem. 1916, 97, 312). 

Iron, manganese, cobalt, and nickel 
carbides (for iron carbide, v. Cementite, FejC, 
and Cohenite, v. supra ; for hydrocarbons pro- 
duced by acid hydrolysis, v. Jlylius e( al., Ber. 
1896, 29, 2991). Carbides of these metals of 
the formula MCj have apparently been pre- 
pared in an impure state by Durand (l.c.). 
Manganese carbide, MUjC, crystals, hardness 
intermediate between talc and gypsum, was 
made by heating the elements at 1,600°. 
Hydrolysis yields equal volumes of hydrogen 
and methane (Ruff and Gersten, Ber. 1913, 46, 
400 ; J. Schmidt, Z. Elektrochem. 1934, 40, 
170). Cooling curves indicate the existence of 
CO3C, but the compound decomposes before 
the melt solidifies (Ruff and Keilig, Z. anorg. 
Chem. 1914, 88, 410). Similarly NijC is very 
unstable when cooled from high temperatures 
(Ruff and Gersten, l.c.). Titanium carbide, TIC, 
was separated from cast iron by Shinner (Chem. 
News, 1887, 55, 156). Moissan (“ Electric 
Furnace,” 1904, p. 254) prepared it as crystals 
which scratched diamonds. Its m.p. is 3,410° 
absolute, ±90° (Agte and Jloers, v. infra). 
Carbides of Zr, Nb, Mo, Hf, Ta, WjC, WC, 
very hard, refractory compounds, were studied 
particularly by Friederieh and Sittig (Z. anorg. 
Chem. 1925, 144, 169), Agte and Alterthum 
(Z. techn. Physik, 1930, 11, 182 ; Chem. Zentr. 
1930, ii, 700) and Agte and Moers (Z. anorg. 
Chem. 1931, 198, 233) who heated the metals or 
their oxides with carbon in an inert atmosphere 
to 1,700°-2,100° and sintered the compressed 
material by electric Keating (Agte and Moers). 
The latter authors prepared the carbides of 
Ti, Zr, Hf, V, and Ta by a growth method on 
a tungsten wire heated in an atmosphere of the 
metallic halide and hydrogen. SIC was also 
prepared in this way — yellow crystals without 
measurable electric conductivity. The m.ps. 
determined by Friederieh and Sittig are in fair 
agreement with the following measurements of 
Agte and Moers. 



ZrC 

NbC 

MojC 

MoC 

(° absolute . 

. 3,808 

3,770 

2,960 

2,965 

*Hardness . 

. 8-9 

-f9 

7-9 

7-8 


HfC 

TaC 

w,c 

WC 

1° absolute . 

. 4,160 

4,150 

3,130 

3,140 

’Hardness . 

. — 

— 

9-10 

9 

• Quartz =7, 

topaz 8 , corundum 

9, diamond 10. 
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The uncertainty in the m p. is reported as 
MOjC, MoC, W,C. WC. ±50“ ; ZrC and 
NbC. ±125“; HfC and TaC, ±150“. The 
carbides of hafnium and tantalum have the 
highest m p. yet observed. Technical appli* 
cations of these refractories are discussed by 
Becker (op. cil ). Theones of the structure of the 
metallic carbides have been proposed recently 
by J. Schmidt (i c ) and by Schmahl (Z. Elektro* 
chem 1934, 40, 63). According to the author 
first named, acetylene, is evoh ed hy hydrolysing ' 
carbides vhose crjstal lattice contains the I 
— C — C — linkage whilst the evolution of 
methane indicates that the carbon atoms arc 
separated Moissan suggested a classification 
based on the gaseous products of hydrolysis 
(Compt rend 1896, 122, 1462; Z. Eicktrochem. 
1902, 8, 44) (For banum carbide, r. Vol. f, 
637 r ; for calcium carbide, t>. Acetylene. 
Vol I, 74 r, 107 I, and Vol. II, Calcium 
Carbide ) J. N C. 

C A R B 1 TO L . Diethylenegly cotmonoelhyl- 
etber (Carbide and Carbon Chemicals JTew York). 

CARBOHYDRASE. The general term 
given to the various specific enzymes which 
hydrolyse the carbohydrates. 

CARBOHYDRATES. Thetermisappbed 
to poly hydroty-aldehydes and ketones, and to 
the su Wancea which give these when hydrolysed 
by heating with mineraUcids Glucose, socrose, 
etarch, and cellulose are carbohydrates uni 
versally distributed m plants. Glocose and 
glycogen enter into the composition of animal 
tissues. The simple carbohydrates, mono* 
saccharides, have the empincal composition 
CH|0, the most important being those con* 
taming 5 or 6 atoms of carbon, complex 
carbohydrates, polysaccharides, are built up 
from two or more simple carbohydrates with the 
elimination of water , they have the composition 
(CgH],0()fi,K,0. Compounds m which n 
etyuals I, 2, 3, or 4 are distinguished by names 
having the suffix -ose. They may be > 
Tcniently grouped as follows ; 

1. ^lonosacchandes : n=l. 

(d) Pentoses, C,H]gO,, eg. arabinose, 

xylose. 

(5) Hevoscs, C|H|]Of, aldoses, e g.glucosc. 

mannose, galactose ; ketoses, < g. 

fructose, sorbose. 

2. OIigo«acchandM. 

(a) Disacchandes : n=:2. CjjHjjOn. 

(1) Non-reducing, eg. sucrose, trehalose. 

(2) Reducing, e g. maltose, lactose, etc. 

(6) Tnsacchandes : n=3. C|gH]}0|g. 

Gentianose, raffinose, melezitose. 

(c) Tetrasacchandes : n=4. 

Stachyose. 

3. Polysaccharides. 

(а) Glycogen, inulin, dextrins, n unknown. 

(б) Starch, cellulose, n large. 

Related to the carbohydrates are those 
substances which yield simple carbohydrates, 
together « ith other substances when hydrolysed. 
,‘'uch are glycoside*, gums, pectins, etc. 

6‘cnerfll VKnraelert —The members of cla-sscs 
1 and 2 are soluble in nater. They have a more 
or less pronounced sweet taste. The mono* 
sacchnndes are colourless crystalline com- 


pounds. characterised by the power of reducing 
alkaline solutions of the heavy metals, for 
example, copper. They form characteristic com- 
pounds with phenylhydrazine. 

The di- and poly-saccharides are converted 
into simple carbohydrates when hydrolysed 
This change may be effected by means of 
mineral acids, or, as rule, more quickly by 
enzymes. The complicated polysaccharides are 
usually amorphous ; they tend to form 
colloidal solutions, and are chemically relativeli 
inert. In virtue of the hydroxyl- groups which 
they contam, they react with acetyl chloride, 
benzoy 1 chloride, nitric acid, etc , forming esters 
Carbohydrate solutions are generally optically 
active. The direction and amount of the 
rotation vary with the substance, and also 
with the strength of the solution, the nature of 
the medium, the temperature, etc. The optical 
rotatory' power of carbohy drates is made use of 
in I heir analyses and as a guide to their structure 
It IS now recognised, largely as the result of 
the work of Haworth (“ The (Constitution of the 
Sugars,” Arnold, London. 1929) that the stable 
forms of glucose possess a sit-atom nng structure 
containing five carbon atoms and one oxygen, it 
18 a 1.5 glucopyranose with a primary alcohol, 
— CHj-OH, group as a side chain. One of the 
other hydroxyl groups represents the group 
which was orieinaDy the mdehydic group In 
fact, the transmnnation from the aldehyde form 
to the lactone form may be regardrf as an 
instance of nng-chain tautomensm as indicated 
below, hence the occurrence of a- and j8 form*. 
On the other hand, the bo called labile y glucose 
and Its derivatives contain a five-atom ring, and 
are represented as ] ,4-glucofuraRose with a 
longer side chain, — CH(OH) CHj OH. 


OHC 
HO HC 


CH(0H)CH,-0H 


CH-OH 
Aldehyde form 
(•Mobile h) drogcB ) 


HO HC^ CHj OH 


)-Hi* 


HO-Ht* 'CHOH 

OH 

Glucopv ranoee 
(a and forms) 

O 

HOHC^ '^CH (:H(OH)CH,OH 
Is S| 

HO HC CH OH 

Clucofurano«c (y- BUgat). 

In addition to these two ring forms of glucose, 
there exist denvatives of yet a third, a seven- 
ring or septanose, modification. Lastly' there 
IS evidence of a number of stable derivatives ol 
the aldehydic form : 

HO CHj-[CH OH),-CHO 
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Tlius tlip inonosacfharides are known in the 
following forms : 

6 atom rings=pyranose. 

5 „ =furanose. 

7 ,, =septanose. 

Open chain =aldehj'do. 

Glucose in solution can react in any of its 
four forms according to the reagents employed 
and the conditions of the experiment, so that the 
pos.sibilitics of isomerism are very large. 

The validity of the butylene oxide ring 
formulic adopted in the past mainly rested on 
the analogy with the lactones of the sugar acids : 
it ha.s proved to be untenable. 

The new structure is based on the belief that 
the ring system of meth}-] gluco'side is not in 
any way modified by the usual processes of 
methylation, which if true makes it possible to 
determine the nature of the cyclic form by a 
study of the methylated lactone to which it gives 
rise. 

However, whilst there is no question of a 
shift in the ring during the methylation of a 
gluco-pyranose derivative, the same cannot be 
said with certainty of a glucofuranose derivative, 
indeed with some compounds there is evidence 
to the contrary. 

The Norjmi. a- and /9-Scgars of the 
Pyranose Series. 


tartaric acid. It is inferred that the four-carbon ' 
chain of this acid represents the grouping of 
carbon atoms in the five-membered furanose 
ring. 

The ethylglucofuranosides (Haworth and 
Porter, J.C.S. 1929, 2796) are prepared by 
condensation of glucose monoaeetone with 
phosgene to give glucose acetone carbonate. 
Hydrogen chloride dissolved in ethyl alcohol 
removes the acetone group from this product with 
the formation of the a- and jS-forms of the ethyl 
furanoside carbonate. Hydrolysis with barium 
hydro.xide eliminates the carbonate grouping 
, without displacement of the five-atom ring 
j nucleus of the sugar. 


a-ethylglucoside 1:5 
/J-ethylglucoside 1:5 
a-ethylglucoside 1:4 
fi-ethylglucoside 1:4 


JI.P. 

[a]„ 

113° 

-9150-6' 

73° 

-36-5° 

82° 

-998° 

59° 

-86° 


A further crystalline y-sugar derivative is 
glucofuranose 5: 6-carbonate, 



HCOH 


HC(OH)- 


-HCOH 


The a- and ^-methylglucosides are converted 
by Purdie’s original method (J.C.S. 1903, 83, 
1021, 1137), using silver o.xide and methyl 
iodide, or by digestion in aqueous solution with 
methyl sulphate and alkali (Haworth, J.C.S. 
1915, 107, 8) into tetramethyl methylglucosides. 
Taking either the a- or ^-form as example, their 
hydrolysis gives tetramethyl glucose, oxidation 
of this substance- iVith bromine leads to 'tetra-' 
mcthyl-5-gluconolactone and further oxidation 
■with nitric acid to i-trimethoxy glutaric acid, 
which can be readily identified as its cry'stallinc 
mcthylamide. The quantitative extent of the 
yields at each stage of this scries of leactions 
shows that homogeneous substances are being 
dealt with. It cannot be too strongly empha- ] 
sised that in determinations of structure de- 1 
pcndciice must be placed only on the isolation 
of definite crystalline substances which can be 
compared directly with known eompounds of 
indisjmtable constitution. 

I.AIIII.E y-SfOARS OF the Pl'RANOSE SERIES. 

The labile y-glucosc itself has not yet been 
obtained cry.stallino, but Haworth and Porter 
(.T.C.S. 1929, 2790) have obtained two eth3’t- 
glucofuranosidcs. The proof of the y-glucose 
struct\irc (Haworth. Hirst, and Hiller, J.C.S. 
1927, 2-130) lies in the scries of facts that 
y-glucose give.s rise to a tctramethylglucose, 
diHering markedly from the crystalline variety, 
wliieb yields a crystalline tctramcthyl-glucono- 
lactone, differing sharply from the previously 
known compound of the pyranose series but 
having properties closely resembling those of 
ordinary y-gluconolactonc. Oxidation with 
nitric acid converts this lactone to di-O-methyl 


which is obtained from the above-mentioned 
monocarbonate on removing the alkyl residue 
by hydrolysis with acids (Haworth and Porter, 

I.C.). 

Crystalline a- and )3-forms of pentabenzoyl- 
y-glucose have been isolated by Schlubach and 
Huntenbefg (Ber. 1927, 60, [B], 1487). Their 
specific rotations (-i-58-6° and —52-6°) differ 
widely from those of the corresponding normal 
glucose derivatives (-9107-6° and -923-7°) which 
agree fairly closely with those of a- and )3-glucose 
(-9110°; -917-5°). By analogy the rotations of 
a- and jS-glucofuranose may be surmised, viz. 
the a-form will have a much lower positive value 
than a-glucopyrauose, and the ^-form will have a 
higlicr Iwvorotatory value than /S-glucose. 


Sf-itanoses. 

A 7-mem bered ring in the sugar series is 
obtained by reactions involving first the 
hydrolysis of 6-iodo-d-gnlactose mcrcaptal tetra- 
acetate with mercuric chloride and cadmium 
carbonate in the cold yielding the open chain 
C-iodo-tctra-aeetyl aldeltydo galactose : 

CHj9[CH-OAc]4-CHO 

At 40° the iodine is removed and the open 
chain hydrate formed. In pyridine solution 
non-reversible ring closure occurs and the cyclic 
sugar tetra-aeetyl-rf-galactoseptanose is formed ; 


CHAc-CHAc-CH, 

I ^ 

CHAc-CHAcCH(OH)/ 


O 


A separable mixture of a- and j3-d-galacto- 
septanosp penta-acetates is obtained from this 
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on acetylation (Jlichecl and SuoLful], Annalen, 
1933, 502, 83 ; 507, 138). 

The stability of the septanose ring ia of the 
same order as that of the furanosc ring (Micbccl 
and SuckfuU, Ber. 1933, 66, [B], 1957). 

Hydrolysis of either penta acetate with neak 
alkali yields pure galactopyranose. 


Glccose as an Aldehtde. 

Tiro methods are available for the preparation 
of open chain monosaccharides. They take 
advantage of the opening of the pyranose nng 
which occurs when the sugars are condensed 
with (a) ethyl mercaptan, (i) hydroxylaniine. 

I’enta-methy 1 derivatives of glucose, mannose, 
and galactose were prepared by l.cvenc and 
Meyer (J. Biol. Cbem. 1926, 69, 173) in aldehydic 
form by methylation of the corresponding 
diethyl mercaptal followed by hydrolysis of 
the mercaptal gronp. Better characterised are 
the crystalline acetates and benzoates. 

The ciystaUine 2-3 4 5 6 pcnta'acetylglocose 
{Wolfrom, J. Amer Chtm Soc 1929. 51. 2168) 
has a rotation nearly zero and gives a positive 
test with Schiff’s reagent Penta-acetylgalactose 
{Wolfrom, tiid 1930, 52, 2462) and tetra acetyl- 
1 arabinose (M olfrom and Newlm, i&id. 1930, 
52, 3619) have rotation values in chloroform of 
—23® and —03® respectively { they have been 
s^tbesised from the dimetbylmercaptals of 
the sugars. Aldebydopentabenzoylgtucose has 
likewise been prepared (Bngl and Muhlscblegel, 
Ber. 1030, 63. (B). 1S51). 

A further aldehydoacetate is that of xylose, 
a p. 87®, [aJs —16® (Wolfrom, J. Amer Chem. 
Soc. 1931, 53, 4379). The aldehydoacetates 
have the following constants * 


Sngar if p 

d-glucose penta-acetate 116® —4 5® 

d galactose penta acetate 121® — M® 

{•arabmose tetra acetate 114® —65® 

d-xylose tetra acetate . . 87® —16® 


acetate, which is easily separable from the nitrile 
^'olfrom and others, J. Amer. them. Isjc 
ig33. 55. 3488 ; 1934, 56, 1794). The method 
allows of the synthesis of the open chain 
acetates of those disaccharides and Letosea 
(be tiiioacetatcs of which are not av ailable. 

The extension of the classic open chain sngar 
focmuhc introduced by Emil Fischer to cycLe 
sugar formula; involves an error in the coo- 
li^ration of the groupings at Cs in the glucose 
formula (I). The act of ring closure from sn 
open cham to a cy die form causes the rotation 
of the linking tetween Cj and Cg through 1!^, 
Q-pich has the effect of bringing the H at Cj on 
the opposite side of the carbon chain as is 
correctly expressed in formula II. Haworth 
now uses a perspective formula (111) which u 
evvn more satufaetory, and it is likely tb enter 
info general use ; it shows the groups above 
and below the plane of the ring. 


H C OH 
HO i H 


H C~ 

I 


CHjOH 

I. 


HO CHjCH 


u 

)H 


H /h 


'< 


OH 

HO \| 


\ OH 

\l 

H / 


An open chain structure is also assigned to 
the phenyl and other bydrazoncs of galactose 
(Wolfrom and Chnstman, ibid. 1931, 53, 3413 , 
cf. atio Frircjacque, Compt rend 1925, 180, 
1210 ). 

Aldehyde I glucose tetra acetate has been 
made hy Wolfrom and Orsino (J, Amer. Diem. 
Soc. 1934, 66, 983). 

A method developed for distinguishing 
between open cliam end cyclic acetates roiisista 
in treating the acetate with ethyl mercaptan in 
the presence of zinc chloride ; the open rbain 
compound so treated yields & mercaptal con- 
taining the same number of ncetyl groups, 
whereas the cyclic compound gives a thiocthyl 
derivative with one acetate less (Wolfrom and 
Thompson, tbid. 1934, 56, 8S0, 1891 ; Bngl and 
others Ber. 1931, M, [BJ. 2932; 1933, 66, [Bl. 
325) 

The acetylation of sugar oximes leads to a 
mixture of three products — thus from galactose 
oxime there results aldcbydogalactose oxime 
hexacctatc and an isomende, also gabctonitnle 
penta acetate. The first on treatment with 
nitrous acid gives aldehydogalactose penta- 


H OH 

HI. 


A correspondmg correction has to he made 
fof all the other sugars, and also for gluco- 
futanose {see Josepkson, Ber. 1929, 62, [Bj, 317, 
1913), the respcctiv e formula? for which are : 


HOCH 

I 


HC OH 

Ahj-oh 


HCOH 
HCOH 
HO CH 

HO CH,v I 

>CHCH 

HO^ 
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HOCH2 

HOCH 



Formula VI illustrates the spatial proximity 
of the OH groups at C3 and Cj and helps to 
account, for example, for the wandering of an 
ncj’l residue which takes place between Cj and 
Cj in monoacetyl glucose derivatives. 

Interesting generalisations have been drawn 
by Hudson concerning the molecular rotations 
of a and ^ forms of sugars. It is now generally 
accepted that the difference between the mole- 
cular rotations of the a and ^ forms of muta- 
rotatory sugars is a constant. The compounds 
selected show considerable diversity of type 
and discordant results have from time to time 
been explained away by showing that the com- 
pound in question is derived from other than 
the a and /S forms of the sugar (e/. Hudson, 
J. Amor. Chom. Soc. 1917, 39, 1013). The 
maximum values for the specific rotations are 
now arrived at by the indirect method based 
on solubility measurements (Lowry, J.C.S. 
1904, 85, 1551 ; Hudson, J. Amer. Chom. Soc. 
1904, 26, 1065). The asymmetric system 

attached to the a-carbon atom exerts a pre- 
ponderating influence on the activity of these 
compounds and determines the sign of the 
rotation. 

Hudson’s generalisation has enabled the 
optical rotatory power of carbohydrate deriva- 
tives to bo used as an important guide to their 
structure. 

Conslilulioiial Formula of Glucose. — In addi- 
tion to those carboh3'drates which occur 
naturall.v, a number of others have been pre- 
pared artificially by Emil Fischer, and it is 
largel.v to his work that the present complete 
knowledge of the group is due. (Fischer’s 
original work has been republished, “ Unter- 
Buohungen fiber Kohlenhydratc,” Berlin, 1909, 
J. Springer.) 

Glucose and its isomerides, CjHjjOj, con- 
veniently termed glucoses, have 5 oxj-gen atoms 
present ns “ hj'droxyl,” since they form esters 
such ns glucose pcntacetato, 

CoH,0(0-CO-CH3)5 

The sixth oxj’gcn is aldehj’dic in glucose and 
galactose, and kctonic in fructose and sorbose. 
The two classes of compounds are accordingly 
referred to ns aldoses and ketoses. Reduction 
converts the glucoses into alcohols, CgHj^Og, 
glucose 3’ielding sorbitol and mannitol, and 
galactose forming dulcitol. Secondary hexjd- 
iodide, a derivative of normal hexane, is 
formed bj’ the action of hj'drogen iodide ; hence 


the glucoses must possess all their six carbon 
atoms united in normal chain. 

Glucose on oxidation jdeld.s, in the first place, 
gluconic acid, C5H5(0H)5C02H, which retains 
all six carbons and, like glucose, forms a 
pentacctyl ester. Further oxidation converts 
it into saccharic acid, CgHjQOg. Galactose 
behaves similarly, yielding the isomeric galac- 
tonic and mucic acids. Taking further into 
consideration the reducing power of glucose, 
the constitutional formula may be written : 

CHj(OH)CH(OH)CH(OH)CH(OH)CH(OH)CHO 

The work of Tanret (Compt. rend, 1895, 120, 
1060) has shown that glucose exists in more than 
one form. In addition to the hj'drated and 
anhydrous modifications, he isolated two other 
anhydrous modifications. These differed par- 
ticularly in optical rotatory power. Tanret 
described an a-glucosc having [a]p -f 110° when 
first dissolved, and falling in aqueous solution ; 
a /S-glucose having [a]p -1-19°, and increasing 
in solution ; and a glucose having [ti]p -l-52'5°, 
and remaining constant in solution. This 
modification was called y-glucose by Tanret. 
It had long been known that the optical rotatory 
power of freshly dissolved glucose diminished 
to about one-half its initial value in solution, 
and the term mularotalion or birolalion w'as 
applied to this phenomenon. 

Dubrunfaut ascribed the change to purely 
physical causes. Fischer considered that the 
aldehyde dextrose undcrw'cnt hydration to an 
alcohol, C8HJ4O,, of lower rotatory power. In 
view of Tanret’s ciiscoveries, it is now considered 
that the change in rotatory power is due to the 
mutual interconversion of the a- and )?.glucose 
until equilibrium is attained. Tanrot’s y-glucose 
represents such' an equilibrium mixture. 

To rmderstand fully the relation of a- to ^- 
glucose, it is necessary to refer to the van’t 
Hoff-Le Bel conception of space isomerism. 
Chemical compounds w'hich rotate the plane of 
polarised light contain an asymmetric carbon 
atom, that is, one in which the four affinities are 
satisfied by four different radicals. Such a 
carbon atom is considered as lying in the centre 
of a tetrahedron, and each of the four different 
radicals with which it is combined as being at 
the four solid angles thereof. Two modifications 
of the compound are possible, and these are 
related to one another as an object and its 
reflected image. 

The compound represented by the formula 

CHj(OH)CH(OH)CH(OH)CH(OH)CH(OH)CHO 

contains four asymmetric carbon atoms 
(marked *), and should, therefore, be capable 
of existing in 16 stereoisomerio forms, 8 of 
which would be mirror images of the other 
8, and of equal but opposite rotatory power. 

The carbohydrate group has afforded a unique 
opportunity of testing this hypothesis, and 
although only three of the isomerides occur 
naturally, all 16 have been prepared artificially 
bj’ Fischer and others, b5’' such methods that 
tho structure of each is established. 

The known aldohexoses are the dexlro- and 
Ixvo- isomerides of mannose, glucose, idose. 
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gulose, eal^ctose, talose, allose, and altrose. It ! 
will stifEce to give the constitutional fonnnla 
as established by Fischer of the naturally 
occurring members : 

CHO 


CHO 

1 

HOCH 


HCOH 
HO CH 
HCOH 
HCOH 

CH,OH 

Glucose 


CHO 

I 

HCOH 

I 

HOCH 

I 

HO CH 

I 

HCOH 

I 

CH.OH 


I 

HCOH 

I 

HCOH 

I 

CHj-OH 

Manoose. 

Mannose and galactose, bke glucose, cjiist 
in o- and p- forma, and it ia more correct to 
write their formuliE in the form adopted for o- 
and ^-glucose. 

As is to be expected, the iaomertc glucoses 
differ but little m their chemical behaviour. 

KirrosE Scoabs. 

Only a few are of importance . 

Fructose.— ‘Increasing interest attaches to 
fructose as one of the constituenta of cane eugar 
in which, ai in all other polyeaccbarides con 
taming fructose, it is present in the labile or 
y form, Bometimea termed by Schlubacb the 
A'form. Crjstallme fructose as isolated in 
the laheratory is fructopyranoso <1) (Avery, 
Havorth, and Hirst. J.C S. 1927, 2308), 




OH 


Iibnited mixture [a]o —92 5®. Heat is absorW 
during the change. 

Ae a commercial sugar fructose offers grcit 
posaihdities because of its sweetness. l\heti 
the chemical engineering problems invohed in 
its isolation on a large scale aio solved, it may 
well become an important commercial product 

Desiccated tubers of the Jerusalem artichoks 
are being used for its manufacture to the extent 
of 50 lb. pec day at one experimental plant. 
TTie sugar is isolated as the insoluble compound 
it forms with lime. 

Inulm is easily hydroljscd under pressure 
(Arsem, U.S.P. 1703080) by uatcr containing 

CO{ or SO}. 

Anhydrides of fructose are contained in 
Binistnn, the carbohydrate from the bulbs of 
Seill<i Afariltma (Schlubach and Florshcim, Bcr. 
1929, 62, 1491), \iz. ch- and tctra-fruclose 
anhydndes, whilst rye flour contains 1% of a 
trifructose anhydride (Tillmans. Holl and 
Janwala, Z. Unters Lebensm. 1028, 56. 26). 

Sorbose (sorbinose), CgHjjOi. is the Ueto- 
hetose obtained from the juice of the mountain 
ash bemes, which has been exposed to the air 
and allowed to ferment. The juice contains 
sorbitol ; this is oxidised by bacUmim xj/hnum 
to sorbose. 

Sorbose forms rhombic crystals of a aucct 
taste, m.p 154®; it reduces Fehlmg's solutum, 
and generally behases as lavulose, but >ields 
sorbitol on reduction. It is not fermentable by 
yeasts. It is 1 *to rotatory, having [0]^ 

Sorbose phenylosazone is similar tn the 
glucose compound, but has m p. ]64®. 

ITie properties arc in agreement with the 
structural formula : 


CH, 


CHOH CH-OH 


HOCH, C OH CHCHjOH 
iH(OH)-CHOH 
II. 

but there is a growing doubt as to whether the 
labile y-form is fructofuranosc (II), and there ts 
a considerable support for the keto formula — 


1 1 


H 

CH,(OH)-C • 

in OH 


C CO CH, OH 


For example, as Hudson has pointed out, 
sorbose and other ketoses exist in one form only 
and do not exhibit nutarotation. 5Iorcoxer, 
there is no teridency for the acetates of fructose 
to isonierise. The rautarotation of fructose 
may, therefore, be due to the simple opening 
of the ring. 

Onlinarj’ fructose h the p form [ajp —1323®, 
wbicli mutarotates very rapidly into the equi- 


HO H 01 

I I i 

CH,(OH) CO C “ C • C 
H OHH 


CHjOH 


The lirst example of a dikctoso has been pre* 
parerd by Micheel and Horn (\ninlen, 1934, 
M5, 1) starting from di lodo dimethylene 

mannitol. It reduces Fehlmg’s eoltifion m the 
cold, forms crj’stall/ne phenyUij’drazoncs and 
opazonc^s, and is remarkable in being fernicntc'l 
by yeast. The natural ketoheptoses are d 
raaiinoketoheptoso present m the A \ ocado pcir ; 
perseulose, which is I galaheptosc; andsedohep* 
tosc obtained from Sedum «/)cc(abile. 

Pemtoses, CjHjjOj. 

These are widely distributed in plants, where 
they are present in the skeletal structure, and 
do not, like the hexoses, ser^c as food product* 
Pentoses also appear to be a constituent of 
many of the tissues of the animal body, and arc 
•omctimes found in iinnc. Both the naturnl 
pentoses, I arabinosc and I xylose, belong to the 
la-co- senes. Glucose, when degraded by the 
methods of Ruff or Wohl, giics rise to the 
isomeric rf nrabinose. Howcicr, the iiafnrsl 
pentoses are closely related to the iiatunil 
hexc^ers. For exxtiijilc, the spaie nixangemeut 
of the groups attached to the upper four carbon 
atoms IX the same in rf glucose as U ixmi sylow : 
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CHO 
HC OH 
HO-CH 
HC-OH. 


CHO 

I 

HC-OH 

I 

HO-CH 

I 

HC-OH 


CH,-OH HC-OH 


/-Xylose. 


CH2-OH 

</-Glucose. 


CHO 

1 

HO-CH 

! 

HC-OH 

HC-OH 

CH2-OH 

<?-ArabInose. 


A similar relationship exists between galac- 
tose and arabinose, which occur together in 
many gums, whilst some polysaccharides yield 
both x3-lose and glucose on hydrolysis. The 
pentoses do not occur as such in plants, but in 
the form of condensation products of high 
molecular weight, termed “ pentosans ” (araban 
or xjdan). These are comparable with the 
hexose condensation products, starch and 
cellulose ; as a rule, the pentosans contain both 
pentose and hexose carbohydrates. 

The mechanism of the formation of pentoses 
in the plant is not yet clear. Some authorities 
consider the}’ are derived by oxidation from the 
hexoses ; others advocate the view that they are 
directly formed in the cell, like the hexoses, but 
indcpendentlj’ of these. Such a transformation 
as that from glucose to Z-xylose has not been 
effected in the laboratorj’ : the chemical degrada- 
tion of glucose by oxidation leads to d-arabinose. 
The pentoses show all the general chemical 
properties of the hexoses. Biochemically they 
arc ililfcrcnt, being not fermentable by yeasts, 
whilst their glucosidic derivatives {e.g. the 
methj’l arabinosidcs and .xj-losides) are not 
hydrolysed bj’ any of the better-known plant 
enzymes. They are attacked bj' a number of 
bacteria. Characteristic of the pentoses is the 
formation of furfurol on distillation with hj-dro 
chloric acid. Thc\' therefore show- colour re 
actions with orcinol and phloroglucinol. It is 
now considered that pentoses are not primary 
products of photosj-nthesis but derived from 
the hexoses via glucuronic acid which is formed 
ns the re.sult of oxidation of the — CHj-OH 
group of glycosides. Glucuronic acid in sun 
light, for example, splits off carbon dioxide to 
j-icld xj'lose. 

d-Ribose, the ])cntose of the nucleosides of 
plants and animal.s, is to-day in the forefront 
of interest. It was first isolated bj- Levenc and 
Jacobs, and its structure has been proved bj- 
.sj’nthesis. It is the pentose corresponding to 
d-allose and d-altrosc. 

A furanose structure has been allotted to the 
ribose residues in the nucloosi<lcs {Bredcreck, 
Ber. 1933, 66, [B], 198). 

The nucleotides consist of phosphoric acid 
anrl a purine base united by rilxjse. For 
example, according to Gulland and Holiday 
(•I.C.b'. H>3lj, 760) adenylic acid is a<lcnino-9 
riboside-o-phosphorie a»'id. 

Ribose is abo a component of lactotlavin, 
which is vitamin Bj being united to the complete 
nitrogenous compound lumillavin {fee Karrer 
and others, Ber. 193.'>, 68, [B], 216). 


The Methyl Pentoses. — Most of the queries 
in this group have been cleared up as the result 
of the work of Votofek and his pupils (Bull. 
Soc. chim. 1928, [iv], 43, 1) and of Freudenberg 
and Raschig (Ber. 1928, 61, [B], 1750; 1929, 62, 
[BJ, 373). The former has proposed a systematic 
nomenclature by sufBxing the term “ methylose ” 
to the name of the corresponding hexose. Thus 
l-rhamnose is Z-manno-methylose. The names 
rhamnose and fucose are retained, also epirham- 
e and epifucose. The name rhodeose, 
which is (Z-fucose, is abandoned. Chinovose 
(quinovose), the sugar component of a- and 
^-chinovin, has been shoxvn to be d-epirhamnose 
(Freudenberg and Raschig, l.c. Votocek and 
Rac, Coll. Czech. Chem. Comm. 1929, 4, 239). 

Ten methylpentoses have in aU been obtained 
S3fnthetically, four of them occur in plants. 

The four natural methylpentoses are : 


CHO 

CHO 

t 

CHO 

1 

CHO 

I 

HC-OH 

HC-OH HO-CH 

1 1 

1 

HC-OH 

1 

HC-OH 

HO-CH 

HC-OH 

1 

HO-CH 

1 

HO-CH 

1 

HO-CH 

j 

HC-OH 

1 

HC-OH 

j 

HOCH 

1 

j 

HC-OH 

t 

1 

HO-CH 

1 

1 

HC-OH 

1 

1 

CH3 

1 

CH3 

1 

CHa 

1 

CH3 

/-(-t) rhamnose ) fucose /-(— ) fucose 

=/-manno- =</-ga!acto =«-galacto 
methylose. methylose. methylose. 

d-{ •}- ) epi- 
rham- 
nose. 


The signs in brackets indicate the direction of 
the rotation. 

The method of origin of the methylpentoses 
in plants is still obscure. Z-Rhamnose, which is 
perhaps the commonest, has the same configura- 
tion as Z-mannose, and hence cannot be derived 
from (Z-glucose or d-raannose bj' a simple process 
of reduction. Freudenberg and Raschig (Ber. 
1929, 62, [B], 373) suggest the natural hexitols 
as a possible source, and they derive d-epirham- 
nose from sorbitol, d- and Z-fucose from dulcitol. 
But Z-rharanose cannot be derix’cd in this way 
from Z-mannitol. 

The synthetic methylpentoses are : 

d-(— ) mannomethj'lose or d-rhamnose. 

d-(— ) gulomethylose. 

d-(-f) talomethylose or d-epifucose. 

Z-(— ) altromethj’lose. 

) glucomethylose or Z-epirhaninosc. 

Z-(— ) talomethylose or Z-epifucose. 

The (-f) or ( — ) sign is used to indicate the 
direction of the rotation. 

Each pair of metlu'lo.scs give a common 
phenylosazone ; these have been isolated and 
characterised : 


I’air. 

d-allo and altro . 
d-gluco and manno 
d-gulo and ido . 
d-galacto and talo 


Wu- 

— 

-~T 

left 

-f/O" 


18.-,° 

191° 

140° 

178° 


The mcthj-lpcntoses are not fermented bj- 
j’easts ; their biological .signifieniice is not vet 
understood. 



233 


CARBOHYDRATES 


The accepted rotation values for the muta- 
rotatcn’ sugars are given m the table. A fuller 
table ■with references to the literature mil be 
found in Vogel and Georg (** Tnbellcn tier 
Zucker und ihre Derivate,” Berlin, 1936). 


Glueo'o 
Galactose 
JIannose 
Eractose 
Sorbose . 
Xylose 
I Arabino'e 
I Rhamnose 
I Fucose 
Lactose 
Maltose 
Cellobiose . 


42 9“ 


522“ 

1-14“ 

-133“ 


19“ 


105“ 
101 “ 
-75 3“ 
65 3* 
136“ 


35* 


1-93“ 

33“ 

11b* 


StVEETXtSS AND BlITEEiESS OF THE SCCABS. 
The relative sweetness of the various sugars 


has been determined by Biester, Wood, and 
Wahhn (Amer. J. Physiol. 1925, 73, 387) 
basis ofsucroae«:100. 


, 100 


Sucrose . 
Fructose . 

Invert sugar 130 
Glucose 74 

Xylose . 40 


^laltose . 
Rhamnose 
Galactose 
RaQnose 
Lactose . 


325 

325 


16 


They find that invert sugar~130 when prepared 
by hydrolysis and =127 4 when made by the 
use of i&vertase 

A number of sugar derivatives of eolubdity 
varying from 4% to 000125%, and of Afferent 
bitterness to taste compared n itb glucose penta- 
acetate as a standard, have been investigated 
italagmomeCncahy by Brigl and Scheycr (Z. 
physiol. Chem. 1926, 160, 214). There la no 
direct relationship between surface activity and 
degree of bitterness } the greatest bitterness is 
possessed by sucrose octa acetate, 34x10^ g. 
being detectable by taste. All the denratives 
of ^'glucose are more bitter than those of| 
a-glucoae. a-Mannose tastes sweet, ^-mannose 
has a bitter after-taste (Hudson and Sawyer, 
J. Amer. Chem. Soc. 1917, 39, 474) 


They are more reactive than the simple 
sugars, the glycoside being readily formed and 
rapidly decompa'cd. They have been proved 
to have a pyrano'e structure (Berpraann and 
Breuers, Anmlcn, 1929, 470, 33 ; l/?\cne and 
2Iike$ka, J. Biol Chem. J930, 88, 791). 

They' are readily converted by the action o( 
mineral aiids into IxvuLnic acid (Levene and 
Mon, J. Biol. Chem. 1029, 83, 803). 

There are only 2 deosy pentoses possible, 
VIST 2 deovy-ribose and vylose and their anti- 
podes. The d form of the former, somctiaiej 
called thyminosc, prepared by Levene (J. Bio! 
Chem. 192!), 85. 785), has m.p. 7S°C., m 
nater +50°, the phenylhydrarone has mp. 
I28“-130“C.. [a% -17-5“. 

The symthetic d-icylodeose has m.p. 92”C, 
f«% — 2“, the phenylbydrazonehas mp. JJS- 
118‘C., [aln +13 5“. 




2 deoxy / ribose (abo called {•deovyarabinose) 
IS obtained from { arabinal Oleisenbeimer end 
Jung. Ber. 1029, $0, 1462). 

There remain foemeatioa cettain other sagars 
which ere described in detail ebewhere. Apicit, 
the sugar of the fiavoae glycoside apim found 
in parsley, has a branched cham of carbos 
atoms, 


(CH,OH),C{OH)CH(OH)CHO 
Samanuhse, found lo a taunin, attached to 2 
mob. of gallic acid has the structure 

CH,(OH)CH(OH)CH(OH)C(OH)<^”»j°” 


Tire Deoxy Scoaes. 

Considerable interest attaches to the reduced 
or 2.deoxy sugars, smee they have been identified 
as natural products. d^Ribodesose occurs in 
nucleic acids. Digitoxose is the eugar of the 
digitabs glycoside digitoxin (Kihani, Ber. 1905, 
38, 4010). All are imstable and their crystab on 
standing becozae a coloured tar. A cbaractmstie , 
test devised by Kihani (Arcb. Fharm. 1913, 251, ' 
567) IS that wlien dissolved in glacial acetic acid 
to which sulphuric acid containing lerroDS iona 
is gradually added, a blue or purphsh.biue colour 
IS developed. They do not form osazonea. 

Synthetically they are prepared from glncal 
by treatment with cold dilute sulphuric acid' 
(Bergmann, Schotte, and Lcchinsky, Ber. 1922. 
65, [B). 189). 


Digilixtore w a reduced or deoxy mctbylpentose 
Cj-roarose present ifl Canadian hemp is regarded 
as its methyl ether and is isomeric with sarmen- 
tose, a constituent of StrophajUhuaa amentoaus 
Digitaloat is regarded as a methoxy methyl 
pentose. 


The 

2ONF20PIUnOH OF 

a- AND Glucose. 

The 

respective space 

formuhe 

of a- and 

0 glucose, VIZ. 



H 

-C— OH ! 

HO— C 

[IT* 

H 

-C— OH 

H— C 

—OH , 

HO- 

-C— H O 

HO— C 

-H 0 


t and 


—OH i 



H_C— OH ‘ 

I 1 

H-C 

uJ 

1 1 

CHjOH k 

H,OH 
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have been established in a number of dificrent 
ways in particular by Boeseken (Ber. 1913, 46, 
2G12 ; Rec. trav. chim. 1921, 40, 553) whose 
choice is based on the fact that the conductivity 
of boric acid in presence of a a-glucose decreases 
I luring mutarotation, showing that the sugar 
possesses two adjacent liydroxyl groups on the 
same side of the carbon chain, and again more 
recently by Eiiber (Norske Videns, Selskabs, 
1931, 4, 167), who finds that the molecular 
refractivity for D-light of a-glucose is 62-68, 
and of ^-glucose is 63-07. This is in agreement 
with the general rule that a compound containing 
two neighbouring groups in the trans- position 
has a higher molecular refractivity than the 
corresponding cis- form. 

Another physical proof of the structure is 
the observation of Michaelis (Ber. 1913, 46, 
3683) that the )S-methylglucoside has a higher 
dissociation constant than a-glueose, the 
separation of the OH and OCHj groups being 
accompanied by an increase in acidity. 

Considered from the more purely chemical 
side the formulas chosen are in harmony with 
the easy preparation of a-glucosan with an 
ethylene oxide structure from a-glucose indi- 
cating the presence of cts-hydroxyl groups and 
of p-glucosan from ^-glucose. The structure of 
both these glucosans has been proved in quite 
another manner. 

Glucose in Solution. 

The question as to the number of isomeric 
forms of glucose which may be present in an 
ordinary aqueous solution is an open one. 
It is generally postulated that the a- and 
/S-pyranose, the a- and /S-furanose, and the 
aldehydio form can all be present, to which must 
now bo added perhaps the septanoso form. 
The aldehyde is the intermediate form from 
which they are aU derived and through which 
they can all bo converted into one another (cf. 
Lowry, Z. physikal. Chem. 1927, 130, 125). 

Interconversion or a- and /3-Gi.ucose 
Derivatives. 

It is characteristic of tlio sugars that they are 
prone to undergo interchange of the groups 
on an asymmetric carbon. This particularly 
applies to the groups attached to carbon 1 in 
gluco-pyranosc, and to a loss extent to those 
attached to carbon 2. This latter change is 
exemplified by the conversion of glucose into 
mannose in presence of aUiali and of gluconic 
acid into mannonic acid on heating with pyri- 
dine ; the reaction is often spoken of as epi- 
jnerism. A rearrangement on the other carbon 
atoms is unusual. 

The methods for the iuterconversion of a- and 
^-glucose derivatives are of interest. That of 
the hcxosidcs is possible by digestion with 
mcthylalcoholio hydrogen chloride. )3-Forms 
5^1® converted readily into a-forms in non- 
ionising solvents containing stannic chloride 
(Paesu. Ber. 1928, 61. [B], l37, 1508). Tetra- 
acetyl-^-mcthylglucoside is smoothly converted 
into the a-varicty in presence of titanium tcti-a- 
chloride, but under similar conditions ^-glucose 
j)cnta-ncctato is transformed into a-chlorotetra- 
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acetylglucose. The conversion of the a-chloro- 
tetra-acetylglucose to the jS-oompound only 
requires 8-10 minutes in the presence of an active 
form of silver chloride (Schlubach, Stadler, and 
Wolf, Ber. 1928, 61, [B], 287). 

The possibility of a ciiange from a to )S must 
always be borne in mind when effecting any 
reaction in this group. Indeed, as is witnessed 
by the very extensive literature on the subject, 
it more often happens than not. 

As a rule, substituting groups on any par- 
ticular carbon are stable, but some interest has 
been attracted by the wandering of acyl groups 
linked with polyhydrio alcohol residues, which 
was first observed by Emil Fischer (Ber. 1920, 
53, [B], 1624), who suggested the intermediate 
formation of an orthocarbonic ester group : 

CHj-OAc CHg-OAc CHj-OAc 


CH-OAc-> CH-O 

I I 

CHj-OH CHj-O 




CH,-> CH-OH 

I 

OH CH2-OAC 


This explanation apphes both to the simple 
migration from carbon 3 to carbon 6, and also 
from carbon 1 to carbon 6 in the conversion of 
1 ;2.-3:4-tctra-acetyl ;8-glucose into the 2:3:4:6- 
tetra-acetyl derivative (see Josephson, Ber. 1929, 
62, [B], 317, 913 ; Oldham, J.C.S. 1925, 127, 
2840 ; Fischer and Delbrtick, Ber. 1909, 42, [B], 
2778 : Helferich and Klein, Annalen, 1927, 455, 
173 ; Helferich, Ber. 1930, 63, [B], 2142). 

A similar explanation probably applies to 
the formation of anomalous so-called third 
forms of triacetylmethylrhamnoside, tetra- 
acetylmethylmannoside, and hepta-acetylchloro- 
maltose, for which nt one time a novel form of 
stereoisomerism was assumed. The resistance 
to hydrolysis of one of the acetyl groups is 
attributed to its participation in the complex 


— O 
— O 




CHj 

OCH 


3 


(see Chem. Soe. Annual Reports, 1930, 104, for 
a fuller discussion and references). 


CoMEOUNDS or tee Sugars with Ketones and 
Aldehydes. 

The acetone compounds of the sugars are of 
particular value since they are used as the 
starting point for the preparation of partly 
substituted derivatives — acetates, benzoates, 
methyl ethers — which in turn arc required for 
sj-nthese? of various kinds. The condensation 
of acetone with monosaccharides usually 
involves cis-hydro.xyl groups at contiguous 
carbon atoms ,- a transformation of the 
pyranoso to the ftiranose form takes place when 
such a transformation makes two ci«-hydroxyl 
groups available. In e.xceptional instances the 
hydroxyl groups at carbon 4 and carbon 6 are 
brought into such spatial proximity as to be 
equivalent to a pair of cis-hydroxyl groups (see 
Haworth and others, .I.C.S. 1935, 1012 ; 1926, 
Oll j also Ohio and Vargba, Ber. 1929, 62, [B]’ 
2425 ; Reidwtein and Griissner, Hclv. Chim 
Acta, 19.34, 17. 311). 
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With aldehjcles — « j?. benzaldeh>de — the sub- 
stituted raethjlene ether most readdy formed is 
that with a sis membered nng, tg. 4:6 mono- 
benrylidene glucopyranose (Zervaa, Ber. 1931, 
64, [B], 2289). 

Acetaldeh}de more nearly resembles bensal- 
dehjde than it does acetone in condensing uith 
the sugars. The acetone derivatives are formed 
when the finely divided sugar is shaken in 
acetone suspension rn the presence of a email , 
amount of hydrogen chloride, zinc chloride, or I 
anhydrous copper sulphate. Many of them are I 
crystalhne. They are stable to alkali but ua-| 
stable ui the presence of dilute acid. Glucose 
forms a well defined diacetone compound (I) 


with a free hydrosyl at carbon 3. It is 
verted mtoaS monomethylglueopyranose though 
itself it has a furanose structure. The mono 
acetone obtained on hydrolysis can be 

converted into a 3:5.6-tnmethylglucofuranMe 
(for references and a fuller account see “ The 
Sugars,” by Haworth, London, 1929). 

Normal fructose forms two crystalline diace 
tones. The one (II) is a fructosepyranose, end 
so IS the 3 monoraethyl derivative obtained from 
it. The other (HI) lias the terminal position 
carbon 1 evposed and is also a pyranose. Gel- 
actose gives rise to a diacetone (IV), uhich » 
also a, pyranose. Its G-iodohydrin is reduced to 
fucose diacetone. 


y-Gloeose 



I. 


Acetone Cohpofwds oe ; 

Normal tructoee 


CHiO 

I 


\cMe, 


CH.OH 

I 


<1h,- 


HCOv 

nL> 

<!h,_ 


The crj'stalhne diacetone of mannose (V) I 
displays mutarotation ; it is a furanose com- 1 
pound. A fi-atoni ring is also present in I 
zvlose diacetone (VI), but hero the atome at I 
alternate carbons are involved m the union snthj 
acetone. Ou mg to the configuration of xylose, I 


which IS brought out by writing the formula 
with carbon 6 as a side chain (Vll), the third 
and the fifth hydroxyl groups are brought into 
such spatial proTimity that the distance la equal 
to that between cia hydroxyl groups on neigh- 
bouring carbon atoms. 


Acetone Coufounds op : 




O CH 
O CH 

I 

HC 

I 

CHjOH 
(Vormal) IV. 
N> lose. 


CH O. 

( pCMe, 




HC- 

iH 


Me,C<^ HC 


■O CH, 
VI. 


iVfe,Cr 


CHOH 

I 

.OCH 


HC ' 

I 

HC O. 

I >CMe, 

CHgO^ 

V. (yform) 


HC O'' 

^ I. 


^OCH,CH— 

VII. 


)CMe, 
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It is clear from these results that acetone 
residues condense with appropriately situated 
hydroxyl groups in a sugar regardless of any 
preformed ring system in that sugar. The 
sugar ring adjusts itself to the position left open 
after the acetone residues are attached ; for 
example, a shift of the position of the ring takes 
place in glucose, mannose, and xylose. This 
conception of the shift of the ring is important ; 
it may equally well happen with other reagents 
besides acetone. 

These acetone compounds are of utility in 
synthetic operations in that they mask certain 
groups during such reactions as methylation or 
acetylation, which groups are rendered subse- 
quently available on removal of the tsopro- 
pylidene residue. 

Glucose, galactose, and the glucosides all 
combine with triphenylmethylchloride, forming 
triphenylmethyl ethers attached to carbon 6. 
These ethers are hydrolysed by alkali hydroxide 
as well as by hydrochloric acid, so that they 
afford a means of obtaining glucose derivatives 
with a free hydroxyl group on carbon 6, and i 
from this a 6-monomethylglucose (HeUerich and | 
Becker, Annalen, 1924, 1 ; Helferich, Moog, 
and Junger, Ber. 1925, 58, [B], 872). 

Triphenylmethyl-a-d-glucose (-(-.SEtOH) has 
m.p. 5T-5&°, Hd -1-59-6°, falling to -f38° in 
pyridine. 

Triphenylmethyl-d-galactose (-(-EtOH) has 
m.p. 73°-75°, [a]p -b0-58°, rising to -)-2-24'“ in 
pyridine. 

The hydroxyl on carbon 6 of glucose displays 
a number of special reactions, in particular com- 
bination with jj-tolueneaulphonyl residues. The 
alkaline hydrolysis of such an ester leads, when 
a second hydroxyl group is available, to the 
formation of an anhydro ring which may then 
be ruptured by further and more drastic treat- 
ment with alkali. Both reactions — the for- 
mation of the anhydro-ring and its rupture by 
alkali — are usually accompanied by a Walden 
inversion {sec Ohle and others, Ber. 1928, 61, [B], 
1211 ; 1933, 66, [B], 525 ; 1935, 68, [B], 601 ; 
also Robertson and Griffith, J.C.S. 1935, 1193 ; 
Oldham and Robertson, ibid. 1935, 685, likewise 
summary in Chem. Soc. Annual Reports, 1935, 
280). 

It is not j'ct possible to saj' whether anhydro- 
ring formation is a necessary concomitant of 
Walden inversion or whether simple hydrolysis 
of the toluenesulphonyl group is sufficient to 
induce inversion. Walden inversion in the sugar 
series has also been produced by means of 
aluminium chloride (Chem. Soc. Annual Reports, 
1926, 90). 

Sugar Carbonates . — Haworth and Porter 
(J.C.S. 1930, 151) have prepared crystalline 
dicarbonates of the sugars containing two 
residues of the tj-pe 

I 

CH-O, 

I yco 

ch-q/ 


which resemble closely the diacetone deriva- 
tives, but arc not so readily hydrolysed by 


dilute acids ; they are assigned similar structural 
formula : 

M.p. [all, ffi acetone. 

Glucose dicarbonate . 224° —29° 

Galactose . . . .212° -86-5° 

Mannose . . . . 122°. -4-26° 

Fructose .... 173° -143° 

Arabinose .... 200° -4-61° 

The carbethoxy derivatives (Zemplen and 
Laszlo, Ber. 1915, 48, 921) are of the same tjq)0 
as the penta-acetyl compounds, each — OH 
being substituted by — O-CO-OCjHj. 


The Methylo-Glucoses. 

These are true ethers of the sugars in which 
— OCH3 is substituted for OH and differ from 
the methylpentoses in which CH3 replaces one 
— CHj-O H grouping. Following a suggestion of 
Voto5ek they are • more correctly termed 
methyloglucoses instead of the customarj' 
methylglucose. They have become of the 
greatest importance as affording a means of 
determining the constitutional formulae of the 
di- and poly-saccharides particularly, as it has 
been generally considered that no stereo- 
chemical changes took place during methylation. 
It is true Hudson has not accepted this con- 
clusion, but his arguments have in the main 
been coimtered by Haworth. The latest work 
does, however, indicate that in certain cases, 
particularly with furanose derivatives, a change 
of ring structure is not excluded, so that con- 
clusions based on methylation must not be 
accepted without caution. 

Two methods are available, exhaustive treat- 
ment with methyl iodide and silver oxide (Purdie 
and Irvine, J.C.S. 1903, 83, 1021 ; 1904, 85, 
1049), or with methyl sulphate in sodium 
hydroxide solution (Haworth, J.C.S. 1915, 
107, 8). The former treatment is applied to the 
methylglucosides or to other derivatives in which 
the aldehyde group is protected from the oxidis- 
ing action of the silver oxide. Many of the 
methyloglucoses are crystalline or form crystal- 
line methylglucosides, others are only known as 
syrups : they are purified by fractional distilla- 
tion at low pressures. Only the glucosidic 
— OCH3 is removed by acid hydrolj-sis, the 
remaining four methoxyl groups being stable 
towards acid. 

2-.2:‘i-.G-Telramethyloglucose is obtained on 
complete methylation of a- or ^-methylglucoside 
and hydrolysis of the isomeric pentamethyl- 
glucose into which it is converted on etherifi- 
cation by Fischer’s method, Tetramethylo- 
glucose is not fermentable. 

The isomeric 2:2:5:&.lelrameihy]oglucose is 
obtained in the form of a syrup on methylating 
y-methylglucoside or glucosemonoacetone and 
subsequent hydrolysis (Irvine, Fyfe, and Hogg, 
J.C.S. 1 91 5, 107, 524 ; Micheel and Hess, Annalen, 
1926, 450,^ 21) ; the methylated derivative 
[ of the isomeric aldehydo-form, namely, 
2i3:4:'.5:&.pentamethyloglucose, being prepared 
by exhaustive methylation of diethylmercapto- 
glncose (Levene and Meyer, J. Biol. Chem. 
1926,69, 175). 
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The most interesting of all the methylo-' 
glucoses is the ciyetailmo 2:3:6 i 

rfen'rotiie I 


saccharide or disaceharide indicates the presence 
offt glucose-d.glucoside rather than of a glucose. 
5 glucoside. This ambiguity has a bearing on 
the constitution of the disacoharidea, 

A second reference compound of importance 
I is 2.3-A-tTime.l'hyloglucoK 1 :5: 


This was first isolated from methylated cellulose 
and subsequently from other methylated poly- 
saechandea, c g glycogen, starch, cellofaiose, 
maltose, and lactose (Denham and Woodhoose, 
J.C.S. 1914. 105, 2357 ; 1917, 111, 244), and has 
been fully studied by Irvine and Hirat (J.C.S. 
1923, 123, 518). 

It 13 important, as pointed out by Itvme and 
Black (J C S. 1926, 862), that it can also exist 
in an unstable furanoid form 

CH,{OM*JCH(OH)CH CH(OMe)CH(OMe)CH OH 


CHj(OH)CH [CH(OMe)Ij CH OH 

! o ^ 

which 18 obtained on hydrolysis of fully metby. 
lated gcntiobiose, mehbiose, ramose, and 
^glucosan, and indicates that the attachment 
m these compounds of the two sugar residues is 
through group 6. This compound is only known 
as a syrup, but its crystalhne methyl glucosida 
IS used for its identification. 

An isomenc 3:5.6.tnmethylogluco8e.l:4 is 
known . 


which has only a transient existence until it 
passes into the stable form. The stable form 
has been obtained by Irvine and McGl5Tin (J 
Amcr. Chem. Soc. 1932, 54, 356) from both 
♦ nmethyl ymcthyl and -a-methyl gtucosides on 
hydrolysis, and, as is emphasised by them, this 
fact makes it impossible to say with certainty 
that its production from n methylated poly* 


CH,(OMe)CH(OM«)CH CH(OMe)CH(OH)CH OH 
! O— ^ 

obtained from glucose monoacetone. 

The di- and mono-methyloglucoses are of 
less interest — they are included m the following 
j table of physical properties ; many of them 
'evhihit fflutaroCation. 


METiiYLoETiieits or Giucose. 


2-mcthyloglucose . . 

S.methyloglucoae . 

4*methyloglueosa 
5 methyloglucose . . 

6*meth3loglucose 
S.S.dimethyloglueose (a) . 

.. (i8) . 

2:3:4 tnmeth^loglucose liJ 
2.3:6*tnn]ethyIog1ucose 1 3 
3:5:6 tnmctbyloglucoae 1 4 
2:3:4;6-tetramcth}IogIncosc (a) I 5 
.. m 1 5 

2:3.5 6 tetramethyloglucoae 1. 1 . . . 

2:3: l:0.tetrameth\lo a.mcthil^Iucosidc 
2. 3. 4:6 tctraraethjio-;? methjlglucosulc 
2:3:5. 0 tetraroethylo a-methylgluco^idc 
2:3 0:6 tetrametbylo-^ mcthylglucosidc 
2:3:4. 5. C pentamethyJoglucoso . . 


Melting-point 

notation 

Initial 

Final 

I56M57* 

+132“ 



160* 

+107“ 

68“ 

Syrup 

— - 

52“ 

Syrup 

+80* 

60“ 

143* 

+ 101* 

66“ 

85* 

+82“ 

48“ 

103* 

+6“ 

49“ 

Syrup 

+70* 

— 

122* 

+69* 

— 

Syrup 

— 

— 

103“ 

HU’ 

85’ 

50“ 

+73’ 

85’ 

Syrup 

-27“ 

— 

I48®-150* 

+ 151“ 

— 

40*-4r 

-IT* 

— 

Syrup 

+ 104’ 

— 


-64“ 

— 


-.35’ 

— 


The authorities are doubtful as to the stnio 
tore of the innoua inonomcth)! denrathes. 
A summary of the pertment hterature is given 
in Chem. Soc. Annual Report, 1934, 165. 

Hydrazones.— The hydrarones still continue 
to be the most useful means of cbaracteristing a 
sugar. A complete list of them is given by 
Vogel and Georg in “Tahcllen der Zucker und 
ihrer Denvate,” Berlin, 1931. 

According to VotoCek and Valentin (Arh. 
Hemiju, 1931, 5, 155 ; 1931, A. 1274} the sugar 
of which a given bydrazono is a dcnvatiie om 
he identified by datilling with 12% HCJ. The 
production of furfuraldehjde indicates a pen 
fc«e, and of methyl.furfuraldebyde a methyl-: 
pentose, whilst neither aldehyde is evolved 1^ 
bexo«es. 


) Reaction with Phenylhydrazine — The 
behaviour of the Carbohydrates with phenjt 
hydrazine is particularly characteristic, and it 
has further an historical interest, as phenjl- 
hydrazine, in the hands of Fischer, served s’ 
one of the chief aids in the elucidation of the 
relationships of members of the group. 

Glucose reacts with the reagent in acetic sciu 
solution in two etagea. In the cold a phenyl- 
hydrazone is formed : 

CsH„0,-fC, Hj-NH NH, 

=CgH,jOj CH:N-NH 
This is a colourless substance, soluble m 
water, and is obtained in two modiScationfi 
one or the other predominating according to the 
method of preparation. Similar compounds. 
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with asymmetrically disubslituted hydrazines — 
for example, benzylphenylhydrazine — are often 
less soluble and more characteristic. Mannose is 
remarkable in forming an almost insoluble 
phenylhydrazone. The hydrazones of lactose 
and maltose are very soluble. 

At the temperature of boiling water, glucose 
reacts with excess of phenylhydrazine to form 
the phenylosazone 

CHj(OH)[CH(OH)]3-C(:N.NHPh)-CH:N-NHPh 

Eor obtaining a maximum yield of gluco- 
sazone by Fischer’s method the ratio of phenyl- 
hydrazine hydrochloride and crystallised sodium 
acetate should be 1 : 2-7. The yield increases 
urith the amount of the reagents up to 3-2 g. of 
phenyl-hydrazine in 20 c.c. of water per g. of 
glucose. The reaction is not completed within 
less than 3 hours, but beyond this there is decom- 
position (Taketomi and kliura, J. Soc. Chem. 
Ind. Japan, 1929, 32, 776). 

The yellow osazone is filtered and carefully 
washed ; it may he crystallised from most 
organic solvents, the most suitable being a dilute 
solution of pyridine. Glucose, mannose and 
fructose form the same phenylosazone, as they 
differ only in the relative positions of groups 
which are destroyed in the formation of the 
osazone. 

Too much reliance must not be placed on 
the melting-points of the osazones in identify- 
ing unknown sugars in solution, ns these depend 
very largely on the method of purification adopted 
and on the rate of heating. Disubstituted 
hydrazines do not directly’ form osazones with 
glucose, though these may be prepared from the 
usoncs. 

Evidence is now forthcoming from a study of 
the methylation products of glucosazone that 
the osazones possess a ring stnicture (E. E. 
Percival and E. G. V. Percival, J.C.S. 1935, 
1398 ; see also Engels, J. Amer. Cliem. Soc. 
1935, 57, 2419). 

HC’^NNHPh 

I 

C~NHNHPh 

I 

HO— C~H 

O H— C— OH 

I 

H— C— OH 

I 

CH; 

The ring system above, present in fructo- 
pyranose, is the most probable for glucosazone 
since, on removal of the phcnylliydrazine 
residues from the methylated product, 3:4 :5-tri- 
mcthylglucosone is obtained which is reduced 
to a trimethyliructose. 

Diels and Meyer (Annalen, 1935, 519, 157) have 
found that the anhydro-osazones, produced by 
boding with alcohol containing some sulphuric 
acid, have well defined melting-points and are 
very’ suitable for identification purposes. 

VotoJek (Bull. Soc. chim. 1926, [iv], 39, 278) has 
described the 2:4-dibromopheny’l- and the three 
iodopheny’l-hydrazoncs and -osazones of the 
sugars. The iodophcnylosazones are of no value 


analytically, but the 2:4-dibr'omt)phenylhydra- 
zone furnishes a means of quantitative separation 
of galactose from aU the more common sugars 
except arabinose. 

Diphenylmethanedimethyldihydrazine, 

CH2(C6H4’NlVle’NH2)2, 

(J. von Braun and Bayer, Ber. 1925, 58, [B], 2215) 
does not react with ketoses, and only with aldoses 
in which at least txro of the three — CH’OH 
groups following the — CHO group have the 
same spatial arrangements. It is thus useful in 
isolating mannose. Methylphenylhydrazine,. 
which reacts more rapidly with ketoses than 
ivith aldoses, may be used to distinguish fructose 
from glucose. 

To recover the original sugar from the 
phenylhydrazone, it is boiled in water with a 
slight excess of benzaldehyde. The phenyl- 
hydrazine is removed as benzaldehy’de phenyl- 
hydrazone, the excess of aldehyde extracted by 
ether, and the sugar solution concentrated in 
vacuo. 

p-Nitrobenzaldehy’de can conveniently be 
substituted for benzaldehyde in the regeneration 
of sugars from their hydrazones in view of the 
greater insolubility of its hydrazone. With the 
disubstituted hydrazones better results are ob- 
tained by using formaldehyde. 

The phenylhydrazine residues may’ be removed 
from the osazones by heating with fuming 
hydrochloric acid. Compounds termed osones 
are formed : 

CH2(0H)’[CH’0H]3’C0’CH0 

These are colourless syrups ; they act as 
strong reducing agents, combine directly with 
phenylhydrazine, and are non-fermentable. The 
slightly soluble osazones of the disaccharides, 
and of the pentoses, are converted into osones 
on boiling with benzaldehyde. 

When reduced by means of sodium amalgam, 
the osones are converted into ketoses, and not 
into the aldoses from which they were formed. 
Thus it is possible to pass from glucose to 
fructose — a transformation of great importance 
— the stages being : 

glucose -v phenylosazone -»■ osone -y finictose 

Another important transformation is that 
from glucose to mannose, which is based on the 
fact that gluconic acid [v. supra), when heated 
with quinohne, is converted into a mixture of 
gluconic and mannonic acids. The stages in 
this case are : 

oxidation reduction 

glucose -y (S’uconicl hnaimonici man- 

( acid J ( acid / nose 

By the aid of these two reactions Fischer 
was able to pass from the synthetical a-acroae to 
d-glucose, d-fructose, and d-mannose, and so 
effect the complete synthesis of the naturally 
occurring hoxoses. 

Cyanohydrin Synthesis . — The aldoses com- 
I bine directly with hj’drogen cyanide, forming 
[nitriles, which, when hj’drolysed, give rise to 
j acids containing one carbon atom more than the 
j origin.it carbohydrate. The lactones of these 
1 acids, when reduced with sodium amalgam, yield 
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the corresponding aldoses with one carbon atom 
more than the onginal carbohydrate : 
C,H„0,CH0 + HCN"CjH„0, CH(OH) CN^ 

C,Hi,0,-CH(0H)C0,H-^C,H„0j-CH{0H>CH0 

In this manner arabinose Is converted into 
glocose, glucose into glncoheptose. Fiseher baa 
continued the process as far as the aldononose. 

Actually two isomeridea are formed at each 
stage, and arabinose gives both glucose and 
mannose. 

Degradation. — The converse change from 
glucose to anhinoso has been effected by 
several different methods. 

Wobl (Ber. 1893, 26. 730, etc.) heated glucose 
oxime with concentrated sodium hydroxide, so 
converting it into gluconic acid nitnle, from 
which, on further heating, hydrogen cyanide was 
ehminated and d-arabinose formed : 


In practice the method adapted is to heat 
the oxime with acetic anhydnde and a trace of 
zmc chloride ; a vigorous reaction ensues, and 
the pentaeetate of gluconic acid nitnle is formed, 
from which hydrogen cyanide is eliminated by 
treatment with ammoniacal silver oxide. 

Ruff (Ber. 1893, 31. 1673) oxidises the 
calcium salt of gluconic acid with hydrogen 
peroxide m presence of a ferrous salt (Fenton’s 
method). The carboxyl group is eliminated 
and arabinose formed. 

Keuberg (Biochem. Z. 1908, 7, 627) effects 
the eltmlnation of the elements of formic acid 
from gluconic and similar acids by electrolysis. 

Weerman (1916, A, 337) obtains gluconamide 
by saturating glueonolactone in alcoholic sola* 
tion with ammonia. On subsequent treatment 
with bypocblorous acid the amide is decompose 
Bccordmg to the scheme 
R CH(OH) CO NH,-*. 

R CH(OH) N C:0 R-CHO 
According to Irvine the reactions proceed with 
the utmost smoothness and constitute a great 
improvement on the methods hitherto m use. 
Tbs reaetion baa bean applied to glocose, 
galactose, l-mannose, and i*arabmose. 

DESMtTTATIOS PbODUCTS OF THE SOOaBS. 

These include unsaturated substances in 
which a double bond has been introduced into 
the carbon chain, as well as inner anhydrides, 
and are of interest both on account of the 
insight they afford into the structure of the 
complex glucose molecule, and as giving starting 
materials for new syntheses. The first changes 
in glucose under the influence of alkalis, of' 
ferments, and of bacteria, are still only partially 
understood, whilst the presence of the deoxy 
sugars in plants and animals adds new interest 
to the partially reduced glucoses. 

The unsaturated compounds are : 

Olucal with double-bond joining carbons 1 and 2 
tsoGIucal ,. „ Zands 

Olucoseen -5 : 6 „ „ 5 and 6 

Glucoseen -1:2 .. .. 1 and 2 


Glucat, C|H|« 04 , — When acetobromo 
glucose IS reduc^ by zinc dust and acetic acid 
tnacetylglucal is formed with a double bond 
between carbons 1 and 2 (Fischer, Ber. 1914, 
47, 196 : Fischer, Bergmann, and Schotte, i6id. 
1920, 53, IB], 509). The pyranose structure 
assigned to glucal : 

HOCH,-CH-CH(OH)CH(OH)CH:CH 
! o I 


CH|-OH 


« OH 


has received independent confirmation by 
Hiret and Woolvia (J.C.S. 1931. 1131). The 
fact has sivnificance owing to the easy con- 
version of glucal into a-methylmannoside (Berg- 
mann and Schotte, Ber. 1921, 54. [B] 1664) by 
means of perbenzoic acid. Strong eridencs u 
thus afforded for the pyranose structure of 
mannose contrary to the view of Hudson (J. 
Amer. Cbem. Soc. 1930, 52, 1680). Sunllst 
glucsJs are obtained from the other sugars. 
Their reaction with perbenzoic acid is being 
studied by Levene and Tipson (J. Biol. Cbem 
1931, 93, 631), who predict their use for pre 
paring and interconverting some of the rarer 
sugars. U’hiist glucal m this reaction jitlia 
mannose, S-metbylglucal yields S-methylgfiicoee 
(l,evene and Raymond, i^td. 1930, 88, MS), and 
the 4-galactosidomannoBe from lactal is a mu- 
ture of two sugars (Wattera and Hudson, J. 
Amer. Cbem. Soc. 1030, 52, 3472). 

On treatment with dilute sulphuric acid in 
the cold glucal is converted mto deoxyglueose 
(Bergmann. Schotte, and Lechinsky, Ber. 192i 
55. (BJ, 158). The method is a general onsand 
has been used for the synthesis of the deoxypen- 
toses. 

isoGlucal. — When glucal triacetate is boilrf 
with water the double bond moves along 
chain to form the diacetato of woglucal (®"S' 
mann and Freudenberg, Ber. 1931, 64, (»]. 
168 ; Annalen, 1929, 470, 61) ; 

HO CH. CH CH(OH)CH:CH CH OH 

I O 

On reduction a bisdeoxyglucose is formed. 

Glucoseen-6.6 is an unsaturated anhyoro- 
glucose which has lost a molecule of 
between carbons 6 and 6 leaving the side ebam 
attached by a double bond. a-Tctra-aeetyW 
glucoseen has m.p. 115°, [ajp -1-1109*! 
^-isomeride has m.p. 119°, [elo —35°. 
corresponding ^-methyl d-glucoseenide, o P- 
109°-110% [qJd 115 5*. IS very sensitive to scicu 
(Helferich and Himmen, Ber. 1928, 61i(BJ>i*' ' 
see also Maurer. Ber. 1929, 62, [B], 332). 
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HCOH 

1 

HCOH 

I 

OHCH 

1 

HCOH 


CHj 

Solutions of the hydrolysed glucoseenide 
give with phloroglucinol and many other re- 
agents colorations closely resembling those of 
certain components of wood or of lignin itself. 

Unsaturatcd substances are present in wood 
and it is quite possible that glucoseen is related 
to the transition products between glucose and 
lignin. 

Glucoseen-1:2 is obtained under somewhat 
special conditions from acetobromoglucose by 
the action of diethylamine (Maurer, Ber. 1 929, 62, 
[B], 332). It is only known as its tetra-aoetate 
AcOCHj-CH-CH(OAc)CH(OAc)C(OAc):CH 


On reduction and hydrolysis of this compound a 
substance identical with styracitol, which occurs 
naturally, is obtained, proving styracitol to be 
1 :6-anhydro-(i-Borhitol (Zervas, Ber. 1930, 63, 
[B], 1689). 

HO'CH,-CH-CH(OH)CH(OH)CH(OH)CH, 


Glucosans. — Crystalline anhydrides of the 
sugars exist having a second oxygen ring in 
addition to the 1:5 oxygen bridge. These are 
termed glucosans. 

a-Glucosan, discovered by Cells (Compt. 
rend. 1860, 51, 331), is prepared by Pictet by 
heating a-glucose in a vacuum. The hydroxyls 
on carbons 1 and 2 are on the same side of the 
plane of carbons, and it is here that water is 
eliminated, forming a 1 : 2-oxygen bridge (Pictet, 
Compt. rend. 1920, 171, 243). From (8-glucose, 
where the hydroxyl on carbon 1 is on the other 
side of the plane of the ring, no such elimination 
is possible, but it takes place with the adjacent 
side chain hydroxj’l, forming a l:0-oxj’gen 
bridge. This is termed )3- or Isevoglucosan 
(Pictet, Helv. Chim. Acta, 1918, 1, 87 ; 1920, 
3, 640) ; it is prepared by distilling cellulose or 
starch under reduced pre.ssure. 

O 

HOCHjCHCH(OH)CH(OH)CH^CH 


=a-glucosan 


CHj-CHCH(OH)CH(OH)CH(OH)CH 

I o 


o-glucosnn 

)5-glucosan 


=^-glucosan 
jr.p. [al„ 
108° -h69-8° 

179° -66-2° 


A form of glucose anhydride was once sug- 
gested as the unit of the polysaccharides. A 
simple methylated glucose anhydride — 1 :4 — has 
been prepared by Hess (Ber. 1927, 60, [B], 1898) 
from the actual 2:3:6-trimethyIglucose which 
is obtained from methylated starch, glycogen, 
and cellulose on complete hydrolysis. This 
anhydride, however, has none of the properties 
of a methylated saccharide. 

Another anhydroglucose is the 3 : 6-anhydride 
of Fischer and Zach (Ber. 1912, 45, 456, 2068) : 

CHOCH{OH)CHCH(OH)CH{OH)CHj 


which is regarded as an aldehyde since it gives 
a positive test with Schiff’s reagent. It can be 
prepared from glucose monoacetone (c/. Ohle, 
Ber. 1928, 61, [B], 1211 ; Freudenherg, ibid. 
1750 ; also ibid. 1208, 1870). 

A 2:5-anhydrogIucose or epichiiose is obtained 
by the action of nitrous acid on epichitosamine. 

Polymers of Glucosan. — When ^-glucosan 
is heated with zinc dust at 250°/15 mm. in an 
atmosphere of hydrogen (Irvine and Oldham, 
J.C.S. 1925, 127, 2903) it polymerises to com- 
pounds of the nature of synthetic dextrins, 
which have been separated into fraction's by the 
addition of alcohol to the aqueous solutions. 
With the exception of pentaglucosan a series of 
polyglucosans from mono- to octaglucosan has 
been described. It is supposed that glucosan 
is first converted into glucose, one molecule of 
which condenses with a second molecule of 
glucosan, and the process continues catalytically. 
Triglucosan is regarded as glucosan maltoside. 
The behaviour of these compounds towards 
cmulsin and amylase is described by Pictet 
(Castan and Pictet, Helv. Chim. Acta, 1925, 8, 
946 ; Pictet and Salzmann, ibid. 948). Emulsin 
forms glucose and dihexosan from trihexosan, 
maltose from hexahexosan. 


Phosphoric Esters. 

The greatest importance now attaches to 
these derivatives of glucose ns essential mutation 
products during alcoholic fermentation, and 
certain vital processes in the body, including that 
of bone formation. 

Hexose diphosphate formed during the first 
stage of fermentation is formulated as the 1 : 6- 
diphosphoric ester of fructofuranose : 

GHjO-POgHj 


HOC- 


HOCH 


HCOH 

Hi- 


cIhvO- 


POjHj 


The two monophosphates have been shown 
to be glucopyranose-6-phosphoric ester (I) and 
fructofuranose-6-phosphoric ester (II) : 
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CH.OH 


I 


CH 

I 

CH,0 PO3H2 


C OH 

I I 

O CH OH 

) I 

CH OH 

I 

I— CH 


I 


I. 


CHgOPOgHj 

n. 


I'lirther, «lien glucose h fermented with dried 
jeast, trehalose monophosphate is formed 
(Robison and Morgan, Biochcm. J. 1928, 22, 
1277. 24, 110) 

Those he^osephosphates are hydrolysed when 
boiled «ifh acids, but the different esters 
liberate phosphoric acid at varying rates. Tlio 
phosphatases which hydrolyse them aro very 
widely distributed. 

The synthetic phosphoric esters have been 
prepared by the action of phosphorus o^y- 
chlondc on the sugars m presence of calcium 
carbonate. Neuberg (Biochcm Z 1910, 23, 
515 : 26, 514 , 1011, 86. 6) desenbea mono* 
phosphates of glucose and galactose • m these 
the acid residue is considered to be attached 
to carbon 1. Neither is fermented by yeast. 


The Carcoiiyoiute Alcohols. 

These alcohols are widely distributed m the 
vegetable kingdom, where they occur, as a rule, 
uncombincd with other substances. As a class 
they are readily soluble m w ater, crystalbse well, 
and have a small rotatory power On cautious 
oxidation they give 111 turn a re<iucmg eugar, ' 
monobasic acid, and djbasie acid. They are 
obtained by reduction of the eorrespondmg 
aldose or lietose carbohydrates with sodium 
amalgam, but, as n rule, owing to trsnsforma* 
tions in the alkaline solution, a mixture of 
alcohols is produced They are not fermentable 
by yeast though attacked by a variety of bacteria 
and moulds. They do not reduce Febbng's 
solution 

The wider distribution of these alcohols is 
continually being noted, particularly that of the 
rarer varieties. At one timo mannitol was the, 
only representative of the alcohols known to 
occur in tho alg-e, but recently Haas has detected 
both dulcitol and sorbitol in a red seaweed Tho 
occurrence of these two sugar alcohols in tho 
samo plant is noteworthy, for hitherto sorbitol 
has practically only been found in tho Rosaccae. 

The alcohols corresponding to tho ayntbetic 
sugars are known. Tlioso w hicb occur naturally 


Erythrltol, C^HjjOj, present m a number 
of bchens, crjstalliscs in largo transparent 
prisms, m p. 120°. Being tho ffiMofomi it is 
optically inactive- The sjTithetJe optically 
actuo varieties have [0)5 i4'4®. 

Adonitol, CjH.jOj, tho only naturally 
occurring pentose alcohol, corresponds to nbose. 
It is found in Adonis rernalis. It crystallises in 
prisms, ra.p. 102% is optically inactive, and has 
a sweet taste. 


d-MannitoI, CgHnO,. the alcohol com 
Bponding to mannose, is widely distributed 

It crystaDises in colourless rhombic prismi, 
m p. 166“. It 13 optically inactive, but on tis 
addition of borav it becomes strongly dextro- 
rotatory, a mixture containing 10% mannitcl 
and 8% borax having [a]D +22 5“. This mixture 
IS strongly acid. With caustic soda and other 
alkalis it becomes Imvo-rotatory. 

Mannitol has a slightly’ sweet taste, is not 
fermentable by yeast, sorbose bacteria oxidise it 
to fructose, and it is attacked by many other races 
It does not reduce Fchling’s solution, or interact 
with phenylhydrazme. It is easily oxidised. 

PoJygalntol (Shinoda and Sato, Ber. 1032. 
65, [B|, 1219} IS 1 .5-anhydromannitoI, m p. 142’ 
-143“. [«3n+47 81% 

d*Sorbltol, C,H]40g. the alcohol corre 
spondingto glucose, was discovered in mountain- 
ash berries by Boussmgault and is found in the 
fruits of many of the KosaccED. 

Sorbitol crystallises with 1 mol HjO in slender 
needles, ni.p. 55“. The anhydride has ra p 
110® It is very soluble in water, sparingly so 
in alcohol It has [njp — 1'73“, which becoraes 
+ 1 4® in presence of borax. It is faintly sweet, 
non fermentable, but is oxidised by B xylinm 
to sorbose 

d Sorbitol IS marketed as a substitute for 
sugar under tho name of iSiontn ; it appears that 
in limited quantity it can bo tolerateci in lUnesi 
(Chem and Ind 1929, 48. 573). 

Styracitol is 1 •5-anhydroserbitol and has 
been synthesised by tho reduction of tetra acetyl 
Uydroxyglucal (Zervas, Ber. 1930, 63, [BJ, 1689) 
The occurrence of the 1 ‘S ring m the alcohols 
IS of interest i it indicates an intermediate stage 
in tho biological reduction of aldose to alcohol 
It has m p. 1 57* and [a]p —49 4® m water. 

OulcUot, CgH,,0(i, tho alcohol from galac- 
tose, is also of iTide occurrence. It has m p 
l88*ond IS optically inactive. 

d tditol is found in mountain ash berries 
but is probably of secondary origin (Bertrand, 
Bull Soe. chira. I906,[ii0.33, 166). Ithasmp 
73® and [a]^ —3 50® in water. 

Perseitot. C,HnO„ a heptoso alcohol 
identical with d-mannoheptitol, is obtained from 
the seeds of species of Persen. It crystallises m 
needles, nip. 18S% Wd — 1-3" becoming [oJu 
+4 o® in borax solution. 

Volemltol, C^HigOf, obtained fromZariariaJ 
I olemua, is identical with o sedoheptitoh B 
forms slender needles, m p. 133“, [0)0 -f-2 2 . 


The Carboiudratk Acids. 

These are acids containing the samo numhcf 
carbon atoms ns the aldose carbohydrates from 
which they are derived. They are either mono 
or di-basic. Ketoses on oxidation yield sf*'” 
with fewer carbon atoms thin tho origmsl 
carbohydrate. . 

Tho monobasic acids are formed on oxidaiog 
the aldehyde gioup to carboxyl, generally oy 
means of broniino or dilute nitric acid. j'Of® 
energetic oxidation converts also the 
iilcohol (— CHj-OH) group into acid (COi"* 
CluLuronic acid, which is of considerable 
portnnee physiologically', is a type of nionobav 1. 
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acid, in which the aldehyde group is intact, and 
the primary alcohol group oxidised to carboxyl. 

The monobasic acids are transformed in 
aqueous solution, particularly on evaporation 
on the water-bath, into lactones which ciy'stallise 
well. The dibasic acids similarly sometimes 
form double lactones. 

The most important property of gluconic and 
isomeric acids is their behaviour on heating 
with pyridine or quinoline, when they are 
transformed into isomerides, rearrangements of 
the groups attached to the a-carbon atom taking 
place. Thus, when gluconic acid is heated with 
quinoline or pyridine at 130°-150°, it is partially 
converted into mannonic acid. This behaviour 
has been of the utmost importance in effecting 
the synthesis of the carbohydrates. 

Gluconic Acid, CjHjjOj, always contains a 
proportion of lactone. It is slightly Ijevo- 
rotatory at the instant of solution, but becomes 
dextro-rotatory as the transformation to lactone 
takes place, the final figure for a mixture in 
equilibrium of acid and lactone being about 
-119°. The lactone crj'stallises in slender 
needles, m.p. I30°-135°. It has [a]i, -f 68° when 
first dissolved, falling to-fl9° for the solution 
in equilibrium with the acid. 

A number of commercial uses for gluconic acid 
have now been found, and practical methods for 
its preparation worked out. 

Calcium gluconate, being soluble, practically 
tasteless, and non-irritating to tissues, is being 
increasingly used in medicine ; it may be 
administered by the mouth or by subcutaneous 
injection. Its use for the medical treatment of 
calcium deficiency is arousing interest. The 
property of the lactone of slowly regenerating 
acid when dissolved in water is being utilised 
in several directions, especially as it can be 
controlled within certain limits by varj-ing the 
temperature and concentration. The lactones 
further have a slightly sweet and not an acid 
taste. Thus they may with advantage replace 
fruit acids in the manufacture of powders to be 
used for the preparation of fruit jeUies, and in 
baking powders. In the former case the 
lactones may be dissolved simultaneously with 
sugar and pectin to a clear solution which will 
jell on boiling. In the latter the evolution of 
carbonic acid from lactone is more gradual and 
the leavening action more uniform. The 
gluconates are useful in the preparation of 
homogeneous pastes such as dentifrices and for 
polishing. The aluminium salt and the acid 
have potentialities in 'tanning. 

The acid is manufactured from glucose by 
fermentation, by chemical oxidation, or by 
electrolytic oxidation in the presence of a small 
quantity of a bromide. The last method 
described by Isbell and Frush (Bur. Stand. J, 
Res. 1931, 6, 1145} gives nearly quantitative 
yields and appears economical. 

Increased yields are obtained when the 
oxidation with aqueous bromine is conducted 
in presence of calcium or barium benzoate to 
remove the hydrogen bromide from the system 
(Hudson and Isbell, J. Amer. Chem. Soc. 1929, 
51. 2225). 

Uronic Acids. — ^The general term uronic 
arid.” first suggested bj- Schryver, is applied to 


those sugar derivatives in wliich the primary' 
alcohol or side chain carbon group is oxidised to 
carboxjd : 

CH(OH) CHOH 

/ \ 

CH(OH) O 

\ / 

CH(OH) CHCOOH 

Glucuronic and galacturonic acids are widely 
distributed in plants and mannuronic acid is 
present in seaweeds and in hemicelluloses. Poly- 
uronic acids are also widely distributed. 

They are readily prepared from any poly- 
saccharide or suitable glycoside (glucoside) in 
rvhich the reducing group is protected and the. 
side chain group is free, by oxidation with 
bromine in neutral or alkaline solution. In this 
way glucuronic acid is obtained from sucrose 
(Nanji, Raton, and Ling, J.S.C.1. 1925, 44, 253T), 
whilst milk sugar gives galacturonic acid. 

Similarly by oxidation of the a- and ^- 
methyl glucosides with bromine in pyridine 
solution the corresponding a- and /S-methjd- 
glucuronio acids are formed (Bergmann and 
Wolff, Bcr. 1923, 56, 1060). 

The uronic acids can be quantitatively 
estimated by heating with hydrochloric acid 
when they are converted to carbon dioxide and 
furfural (sac Nanji, etc., l.c.). 

Glucuronic Acid is conveniently prepared 
from gum arable, about 60 g. being obtained 
from 1 kg. of gum (Weinmann, Ber. 1929, 62, [B], 
1637). It has m.p. 154°, [ajj, -f-36-2°, and exists 
in two modifications. The initial rotation 
is -f-3-6°. The corresponding lactone formed 
in boiling aqueous solutions crystallises well, 
m.p, 175°-178°, [a]p -bl92°. The characteristic 
compound with p-bromophenylhydrazine (Neu- 
berg, Ber. 1899, 32, 2380, 2395) has m.p. 236°. 

A long list of the paired glucuronic acidt 
separated in the urine after administration of 
various organic compounds is given by Neuberg 
in Oppenheimer’s “ Handbuch der Biochemie,” 
1924, 1, 356. 

Galacturonic Acid, m.p. 159°, [a]p -i-55-6°, 
is conveniently made from commercial lemon 
pectin (Link and Dickson, J. Biol. Chem. 1930, 
86, 491). Ehrlich and Schubert have prepared 
it in a- and jS-forms from sugar beet (Ber. 1929, 
62, 1974). The a-form crystallised from hot 
aqueous solution has phj’sical constants similar 
to the above, [a]p originally being + 107°. The 

variety is obtained on boiling the a-form with 
a large excess of absolute alcohol and rapid 
evaporation of the solvent. It has m.p. 160°, 
[«]n +27°, rising to -f 55-3°. According to 
their colour reactions the a-form has an alde- 
hydio and the )3-form a pyran ring structime. 
The semicarbazonc (Kiliani, Ber. 1923, 56, [Bl, 
2016) has m.p. 190°. 

dl-Galacturonic acid is obtained by reduction 
of mucic acid with sodium amalgam (Niemann 
and Link, J. Biol. Chem. 1932, 96, 449). 

Mannuronic Acid (Kifiani, Ber. 1922, 55, 
[Bj, 87 ; 1923, l.c.) forms a lactone, m.p. 205°- 
206°, [a]p —196°, and a semicarbazonc, m.p. 
189°. 

Physiologicallj' the uronic acids are among 
the most important oxidation products of the 
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sugars ; they are apparently a means which the 
organism uses to protect itself against toxic 
agents. 

A number of polyuronic acids are now bemg 
identiHed, and there is Lttle doubt that they are 
of wide occurrence. Thus d-mannuronic aad 
is present in the alginic acid of seaweeds (Nelson 
and Cretcher, J. Amer. Chem Soc. 1929, SI, 
1914), and probably in the hemicellulose of 
white oak. Apple pectin contains digalacturomc 
acid, whilst arabmogalacturonic acid is present 
in orange pectin (Bowraann and McKinnis, 
i6iif. 1030, 52, 1209). I Rbamnose^d galacturonic 
complexis have been, found m ChoUa gum (Sands 
and Klaas, ibid. 1929, 51. 3441) and in fiax seed 
mucilage (Anderson and Crowder, thid 1930, 52, 
3711) 

Saccharic Acid, C,H,eO,, is obtained on 
oxidising glucose and all carbohydrates which 
contain glucose, also from sorbitol, gluconic 
acid, and glucuronic acid. 

S.accharic acid is a syrup, [ 0)0 +8®, increasing 
to +22 5® It forms a characteristic mono 

K tassiurasalt C,H,OgK The lactone C,HjO, 
s m.p 130“-131“, [oJo +37 9®, decreasing 
to 2 25° for the equilibrium mixture with the 
acid. 

Mucic Acid is obtained from gataclose, lac- 
tose, raffinose, dulcitol, and all carbohydrates 
which contain galactose. It is a microcrystalline 
powder, m.p. 213*-214° It is optically inactue 
and cannot be resohed into optically active 
laomerides. 

DiSACCiuiucsa. 

The formula of the disacchaxidea haie under- 
gone revision on the basis of the accept^ 
pjifanose formula for glucose ; only in aucrose 
IS the furanose form present. By a variety of 
"V methods the carbon concerned in the attachment 
^''of the second monosaccharide has been deter- 
mmed to be either 4 or 6. The following table 1 
indicates the best known disacchandes : | 

Final 

. ^. . . notation I 

Tj-pe I. ^Itli reducing properties (a)^ ' 

Maltose glacose-4-a-glucoside +136® l 

Cellobiose glucose-4-P glucoside +35® 

Lactose =a glucose 4 galactoaide+55 3® 
Gentiobiose glucose-6-^ glucoside +9 6° 

Melibioso =)5 glucose-6 a ga]actoside+H3® 
Turanoso •=^-fructofuranose • 6 • a ■ +76 3® 
glucoside 

Prime\cro«e «=o-glucosc 6 /S-d-xyloside -3 4* 
Vicianose =g!ucose 6-^./-arabinoside+39 7® 
Rutinoso *=gluco8o rhamnosido +3 2° 

Tjpelf Xo reducing properllw 
Sucrose -a glucopjranoso -fructo +66 37° 
furanose 

Trehalose «=aa diglucopyranosc +197° 

isoTrehalose “^^-diglucopyranose —39° 

nfoTrehalose=a^ diglucopyranosc +100“ 

glucoxylose “glucose-xylose —36 5° 

The disaccharidea when fully methylated 
form octametbyl derivatives which, when 
hjdrolysed by acids, break down into a tetra- 
methyl derivatiie of that heiose, which 


functioned as the glycoside, and a trimeth}] 
derivative of the other hexose. 

hlattose, cellobiose, and lactose form 2.3 6 
tnmethylglucose-1 :5, whereas gentiobiose and 
melibioae give nse to 2 3.4 trimethylglucose 1.5. 

The former compound has a free hydroxyl 
at carbon 4 and the latter at carbon 6, indicating 
that these positions are concerned m the attscli- 
ment to the other hexose molecule. 

Coft/irmatoiy evidence is afforded by oxidis- 
ing maltose to maltobionic acid, mtrodacing 
nine mcthjl groups and hydrolysing with acids, 
when m addition to 2:3.4:6 tetrametbyl 
glucose the second product obtained is 2:3:6. 6- 
tetramethyl y-gluconolactone with a potentially 
free hydroxyl group at carbon 4. When the same 
meth^ IS applied to melibiose the product u 
2 3 4.5-tetramethylgluconic acid with a free 
hydroxy! at carbon 6. 

Yet a thud proof has been afforded by the 
gradual degradation of maltose througli its 
oxime to glucoarabinose and glucoerythrose, 
which last IS incapable of forming an osazone. 

The fourth hydroxyl group of glucose is not 
characterised by particular activity, and its 
preferential use m the formation of natural 
polysaccharides is due to some mechanism more 
selective than simple etheri5eation. 

Maltose, Cj,H,*0,i, is 8-g!ucoBe-4-a-glaco. 
side and is therefore a reducing disacchande. 
It was perhaps obtained from starch by De 
Saussure m 1819, and was prepared by Yany, 
who failed to recognise it as » distinct substance. 
Dubninfaut, in 1847, further exammed it and 
, gave the name maltose, but regarded it as f 
I trisacchande. O'Suliivan showed, m 1872, that 
: It IS A disacchande, and gave a fuller description 
' of Its characters. 

Maltose is primarily a hydrolytic product 
j of starch, and its occurrence in nature is naicly 
I under conditions where it has been denved from 
this reserve material. Thus it is found m the 
leaves of plants, in germinating seeds, and in 
I malt. Maltose has been reported to have been 
found 10 the free state in the tuberclee of Hm&i- 
' lieua peadulxntia (Bndel, Bull. Soc. Chun, hiol 
; 1925, 7, 181) and in the rhizomes of Jfereuriahs 
perennis (Gillot, J. Pharm. Chim. 1923, [vu]. 
28, J48 ; 1925, [viiij, 1, 205), where the amount 
increases during the summer months to a mail 
mum of about 2% m September. It is said 
to be formed in sweet potatoes on cooking 
(Core, Ind. Eng. Chem. 1923, 15. 038). Under 
abnormal conditions it is found in the urine. 
It 13 a constituent of commercial glucose. 

Starch w converted by the enzyme diastase 
first into dextnns and then into, maltose 
which IS also obtained when starch is hydrolyw 
by aads. Diastase also acts on glycogen, forming 
maltose amongst other products. 

Maltose » always prepared by the action of 
diastase, usually malt extract, on starch P***® • 
its purification from the dextnns present, which 
are soluble in alcohol, is often a matter of 
difficulty. Baker and Day (Bnt. Assoc. Report. 
Dublin. 1908, 671) recommend the use of 
diastase of ungerminated barley, w hich conre^ 
starch into maltose, about 60%, and a amylo- 
dextrin which can easily he separated by one 
precipitation with alcohol. 
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Slaltose shows many of the properties of 
glucose and forms two series of derivatives. 
The a-form has [aJu +168°, the ^-form, which is 
the normal, has +118° and the equilibrated 
mixture +136°. According to v. Euler and HeBe- 
berg (Z. physiol. Chem. 1924, 139, 24) the maltose 
first produced by the enzymic hydrolysis of 
starch by malt extract is the /?-form. 

Maltase is the only enzyme able to effect the 
hydrolysis of maltose. Fermentation by yeasts 
occurs only after hydrolysis. 

The product variously known as fsomaltose, 
gaUisin, revertose is now regarded as a mixture 
of maltose with other substances. 

Cellobiose is /3-glucose-4-)3-glucoside, and 
thus differs from maltose in the same way that 
)3.raethylglucoside differs from tlje a-isomeride. 
It is a remarkable fact that starch and cellulose 
which make up so large a proportion of the 
vegetable kingdom are polymers of such closely 
related isomerides and yet so very different in 
appearance, physical properties, and biological 
function. 

Cellobiose is prepared by hydrolysis of the 
oota-acetate formed by the action of acetic 
anhydride on filter paper. It is hydrolysed by 
emulsin, and it has been synthesised. Cellotriose 
and cellotelrose are kno^vn, also cellodexlrim, 
which range in size from chains of 10 to chains 
of 30 jS-glucose units. 

Lactose, a.glucose-4-)3-galactoside, or Milk 
Sugar, CjjHjjOji, was first separated from 
whey by Fabriccio Bartoletti in 1619, and termed 
nilnim seri lactis. It is found in the milk of all 
mammals, human mUk contains from 5 to 8% 
of milk sugar, cow’s and ewe’s milk from 4J- to 
5%, mare’s and ass’s milk about 6-7%. It has 
not been found in plants. 

It is manufactured by evaporation of whey, 
purified by rocrj’StaUisation, and obtained as a 
white powder in the o-form [a];, +90°. The 
^•forra has +36° and the equilibrated mi.xture 
+55'3°. 

Lactose behaves like glucose giving rise to two 
series of isomeric derivatives. It is hydrolysed 
only by lactase, a ^-galactosidaso found in a few 
torulsa and some Kephir preparations. It is 
particularly prone to undergo lactic and butyric 
acid fermentations. 

A neolactose is obtained by a somewhat com- 
plex rearrangement when lactose octa-acetate 
and anhydrous aluminium chloride interact. 
It proves to be )S-d-galactosido-d-altrose (Kunz 
and Hudson, J. Amer. Chem. Soc. 1926, 48, 
1978, 2435). 

A keto sugar, lactulose (=fructose-4-/3- 
galactoside), is obtained by the action of calcium 
hj’droxide on lactose (Montgomerj' and Hudson, 
J. Amer. Chem. Soc. 1930, 52, 2101). 

The sj'nthetic galactosido-glucoside of Fischer 
and Armstrong obtained as a syrup and at one 
time considered to bo identical with melibiose 
is regarded by Schlubach and Rauchenberger 
as lactose {Bcr. 1925, 58, [B], 1184 ; 1926, 59, 
[B], 2102). 

Gentiobiose is /S-glucose-6-/S-glucoside. It 
has been proved to be the sugar of amyg- 
dalin, of a-crocin, as well as of the gentian- 
glucosides, and of certain anthocyanins, and is 
probably' still more widely’ distributed. It has 
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been synthesised by Helferich and others 
(Annalen, 1926, 447, 27). It is obtained by the 
action of dilute acids or of invertase on the tri- 
saccharide gentianose. • It has been synthesised 
both chemically and by means of enzymes, and 
is hydrolysed by emulsin. 

The anhydrous crystals of the ^-form exhibit 
mutarotation initially, [ajj, —11° becoming 
[a]i> +9-6°, The a-form has [alu +31°. 

Melibiose is )3-glucose-6-a-galactoside. It 
was first obtained together with fructose by 
the partial hydrolysis of raffinose, either by 
dilute acids or certain bottom fermentation 
yeasts. The method of preparation has been 
reviewed by Harding (Sugar, 1923, 25, 614). 

The isomeric a-glucoae-6-/3-galactoside has 
been synthesised by Helferich and Rauch (Ber. 
1926, 59, [B], 2655). 

It exhibits mutarotation, the a-form having 
[o]i) +197°, the ;8-form +125°, and the equili- 
brium mixture +143°. 

It is hydrolysed by an enzyme melibiase 
which is an a-galactosidase present in bottom 
fermentation but not in top fermentation 
yeasts. 

Turanose — )3-fructofuranose-6-a-glucoside — 
has a free ketonic group and is the only sugar 
of the maltose type containing fructose which is 
present in the pyranose form. 

Hudson and Pacsu (J. Amer. Chem. Soc. 
1930, 52, 2619) state that the pure sugar, m.p. 
157°C., is non-hygroscopic and mutarotates from 
[a]p +22° initially to a final value of +75'3°. 

It is hydrolysed fairly rapidly by a-glucosi- 
dase but not by invertase, emulsin, or rhamnase 
(Aagaard, Tids. Kjemi, 1928, 8, 6, 16, 36). 

It is obtained from a trisaccharide (melezitose) 
on hydrolysis with 20% acetic acid. 

Su cro se = a-glucopyranose-fructofuranose. 

Great interest still attaches to the formula 
of sucrose and to the attempts to effect its 
synthesis. It forms an octamethylo derivative 
which on hydrolysis yields 2:3:4:6-tetra- 
methylglucopyranose and l:3:4:6-tetramethyl- 
fructofuranose. Haworth accordingly formulates 
it as : 



In contrast to most of the sugars it crystallises 
exceedingly well ; this is almost certainly due 
to the fact that one substance only is present in 
solution, and not a mixture of isomerides. It 
lacks both aldehydic and ketonic properties, 
being without action on Fehling’s solution. 
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Pictet and Vogel (Heir. China. Aita, 19dS, 
11, 901) describe two different forms of sucrose. 
The A modification, m p. 183®, crjstalUscs from 
aqueous acetone, pyridine, and screral other 
organic solvents ; the B form, m p. 171®, is 
obtained only from aqueous methyl alcohol. Tlie 
differences appear to be purely physical and 
the conversion of B into A is instantaneous in 

The synthesis of sucrose is still, in the words 
of Emil I'lscher, the unattained goal of sugar 
chemistiy . The first claim by Jlarchlewshi in 
1S99 has been long since discredited, and the 
same apphes to that of Pietct and Vogel in 1928 
(Holv. Chini Acta, I92S, 11. 430 ; Bcr 1929, 
62, [Bj. 1418) 

The discovery that the form of fructose 
present in sucrose is the y or active form, and 
not the fructopj’Tanose modification, cvplained 
the many failures in the past by careful 
workers to effect the sj-nthesis which resolves 
Itself into the union of normal glucose with 
y fructose. 

As sucrose u at the same time both an 
a glucosule and a fructoside it should be capable 
of being hj tlrolj sed by tw o enzj mes Invertase. 
which b}droI}ses cane sugar, also b3dro!5se3 
the labile y fructosidcs, and it is considered to 
contain a fnictosidase and not to act on both 
sugars simultancouslv . Wdlstatter and Bamann 
(Z. physiol. Chem 1920. 151, 273)havo separated 
naftase and inv ertase and Weidcnhagen 
(Natumss 1023, 16. Gj 4) has shown that this 
purified maltisc at 7 hydrolyse* suciose, the 
reaction being of the order of a roalto»c 
h^drol^tis whilst at pu 4 0 which is tlieo)>timtim 
for invertase action, no h^drol^^is takes place 
The action is evidently that of i glucosnlase 
acting oil Bucruse as an a glucosidc 

The h.rdrol^sis of sucrose b} imirtnsc is 
rapid and complete , there is no evidence of 
reversion m highly concentrated solutions of 
the sugar. 

A reaction which is claimed to be specific 
for sucrose (and raffinose) is the blue green 
colour giv cn on shaking with diazouracil 
(Raybin, J. Amcr. Chem. &oc. 1933, 55, 2603). 

Vicianose — jrlucose-C.fi Z arabmoside — .is, 
present in viciamn, violutin, gein, and has been 
aynthesiscd by Hclfcnch and Bmlcreck 
(Annalen, 1928, 465, ICO). It is related to 
raelibiose in the same way as arabinose is to 
galactose. 

Primeverose — a glucose C v^loside—is 
proving to bo widely distnbuted in plant 
glycosides, being a constituent of primeverin, 
primulavenn, monotroi>in, gcnlicaulin. and 
rhamnicosm. It is the sugar of the coloured 
anthraquinone glycosides it is perhaps formed 
in nature from gentiobiosc taa the nronic and 
in tlio same way as xylose is formed from 
glucose. It has been synthesised by Helfench 
and Rauch (Annalen, 1927, 455, 168} 

Strophantobiose — cymarose glucoside — is 
the sugar of Komb6 strophanthin (Jacobs and 
Hoffmann, J. Bioh Chem. 192G, 67, 609 ; 69, 
1.53; 1928, 79, 631). It is hydrolysed to 
glucose and cymarose the deoxy sugar 
CHj-[CHOH],-CH(OMe)CHj-CHO. 


Rutinose — glucose 1 rhamnoside — ii tii 
sugar of the glycosides rutin and ditL^cm 
(Charaux, Compt. rend. 1924, 178, 1312 ; 1925, 
180. 1419). 

Qlucoxylose is a non reducing sugar of tit 
trehalose type. It is present as a dibenzojl 
derivative in the leaves and twigs of BoriMw 
lalifolia (Power and Salway, J.C.S. 1914, 105, 
767. 1062). 

Trehalose is an diglucopyranose, 

I ° i 

CH,(OH)CH(OH)CH CH(OH)CH(OH)CH 
CH,(OH)CH(OH)CH CH(OHKH(OH)CH^ 

I -c--i 

It is prepared from Trehala manna by extrac 
tion with 75% alcohol. The clanfieil and 

aporated extracts crystallise on addition of 
95% alcohol A yield of 20-23% is obt.vined 
(Harding, Sugar, 1023, 476). 

It does not reduce Fehlmg’s solution or form 
.. phenyJosazone. It is hydrolysed by a epecuJ 
enzyme, trehal.vse, present in most fungi sad 
conveniently prepared from Aspergillus niger. 

The best source is the resurrection plant 
obtainable in large quantities m the and sonlh* 
; of North Amenca. This contains 2% of 
the sugar which is readily obtained crystalline 

It was onginally discov ered in ergot, and lu 
since been proved to bo very widely distnbatfd 
in fungi (Bourquelot). It apparently replscM 
sucrose in those pkints which contain no clilofo 
phylJ and do not form starch. 

Jt crystallises m lustrous rhombic pnsmi, 
in p. of®, with 2HjO, becoming anhydrous it 
130®. The anhydride has 1 197* 
any luutarotation. 

Theoretically there can exist three non- 
rcilwcing disaccliandes of the type of trthalote 
arcor^ng as the two glucopyracose uniti in 
united through the reducing positions as tha 
aa, «JS, aud forms. , 

The natural sugar is the aa form. Fiscber 
and Delbnick (Ber. 1909. 42, 2783) syntbesifd 
the PP-fotm — tsotrehalose — by the condensation 
of tetraacetylglucosidylbromide m the pwenM 
I of silver carbonate. Haworth and Hicku^ 
bottom (J.C.S. 1931, 2847) have preparcQ 
IS probably the aP form — ncotrehalose-— by ‘O* 

additive union of triacetylglacose-ls2-8nhydn e 

and tetraacetyl glucose in benzene solution. 

The following table indicates the optic* 
properties of the three substances : 

[o)» 

Trehalose. . . +178® (hydratc)+197 {»«• 

hydrous). 

Octaacctyltrehalose +162® (m chlorofoTO)- ^ 
nroTrehalosc . ' "** 


+95® (hydrate)+100® (s"' 
hydrous). 

+90® (m benzene). 

-39® (anhydrous). 

-17® (m benzene). 


Octavcctylneotre- 
lialosc. 
isoTrehalose 
Octaacetyhsotre 
halose. 

Synthesis of Disaecharides. 

(o) By enzymes. In addition to the 
syiithesK of maIto.se claimed by Croll 
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(J.C.S. 1898, 73 ,634), Bourquelot et al. (Compt. 
rend. 1913, 157, 732; 1916, 163, 60; 1919, 
168, 1016 ; J. Pharm. Chim. 1920, [vii], 21, 81) 
have synthesised gentiobiose, cellobiose, aman- 
nobiose, and two galactobioses. Robison and 
Morgan (Biochem. J. 1928, 22, 1277) have 
observed the synthesis of trehalose by dried 
yeast. 

(6) Chemical synthesis has been effected in 
a number of ways : 

(1) By thermal condensation from a- or jS- 

glucosan or galactosan (Pictet et al., 
Helv. Chim. Acta, 1926, 9, 806 ; 1927, 
10, 280, 688 ; 1928, 11, 209). 

(2) Via the 6-triphenylmethyl derivative of 

glucose. When the other groups ure 
fixed by substituents the trityl group 
can bo removed leaving a reactive 
hydroxyl on carbon 6 (Helferich, 
Annalen, 1926, 447, 19; 1928, 465, 
166); thus gentiobiose, 6-)3-galactosido- 
glucose and similar trisacrharides 
have been obtained from cellobiose, 
gentiobiose, and lactose. 

(3) By means of the acetone sugars, Freuden- 

berg et al. (Ber. 1927, 60, 239 ; 1930, 
63, 1961 ; 1933, 66, 27) has synthesised 
6-galnctos0 derivatives of mannose, 
galactose, lactose, and cellobiose, also 
mannosido-l-maimose. 

(4) Cellobial is converted into 4-glucosido 

mannose and lactal into 4-galactosido 
mannose by means of benzoylperoxide 
(Bergmann, Ber. 1921, 54, [B], 440). 

A recent 8}mthesis of gentiobiose is from the 
interaction of acetobromoglucose with 3:5- 
benzylidcne-l:2-isopropylidene glucose (Brigl 
and Widmaier, Ber. 1936, 69, [B], 1219). Another 
synthesis is that of 2-^-glucosido-a-glucose 
(Freudenberg and Soff, ibid. 1245), 


Trisacciiariues anu Tete.vsacchauides. 

There exist sugars in which several different 
hexoso or pentose units are combined (oligo- 
saccharides). Little is known of the manner of 
their formation in plants or of their function. 
Interest centres in the order in which the 
constituent units are arranged and the manner 
in which they are broken down by enzymes. 
Only a limited number are known, but it is 
probable that others exist, particularly from 
among the saponin glycosides. 


licdttcing : 

Oligosaccliariilcs. 

[uIb 

Manninotriosc 

glucose-galactosc- 

galactoside 

6 -e— V 1 6 > 1 

-1-167' 

Rharaninose 

galactose-rhamnose- 

rhamnosido 

-4r 

Robinoso 

rhamnoso-galactoso- 

rharanoside 

-f5° 

Senmnose 

glnco.se- rhnmnose- 
fucose 


Solnnosp 

glucose-galactose- 

rhamnose 



Non-rcducing : 
Raffinose 

Melezitose 

Gentianose 

Stachyoso 


Oligosaccharides. [al^ 

2,^-fructofuranose-l,a- -fl04° 
glucose-6,a-galactoside 

1, a-glucose-2,^- -f88'7° 

fructofuranose-6,a- 
glucoside 

2, j8-fructofuranose-l,a- -f33° 
glucose-6,;6-glucoside 

Fructofuranose- -1-144° 

glucose-galactose- 
galactoside 


Polysaccharides. 

Much interest attaches to the formulm of starch 
and cellulose. They are to-day regarded as 
chains of finite length and not as ring compound.?. 
Both chemical and physical methods have been 
used to determine the size of the molecule. 
Importance attaches to the fact that they are 
built up from the disaccharides, maltose, and 
cellobiose, and that tri- and tetra-saccharide 
units are obtainable during their degradation. 

From 1920 to 1926 it was assumed from the 
X-ray evidence that the molecule of cellulose 
was quite small and consisted of small structural 
units held together by some form of residual 
valency. A later interpretation of the X-ray 
diagram, duo to Sponsler and Dore, was that 
ramie fibres consist of glucose residues linked 
by primary valencies (see Colloid Symposium 
Monograph, 1926, 4, 174). The work of 
Stautoger (Helv. Chim. Acta, 1925, 8, 41, 67) 
on the poly-o.xymethylenes supported this view 
by analogy. 

According to the molecular chain theory, a 
molecule of cellulose consists of a straight chain 
of glucoso-pyranose units united by ^-glucoside 
linkages, each of which consequently has three 
alcoholic hydro.xyls, namely 2:3:6, free. Such 
molecule should bear a reducing group on one 
end, whilst the other terminal glucose unit 
should have four alcoholic hydroxyl groups. 
Completely methylated cellulose on hydrolysis 
gives mainly 2:3:6-trimethylglucose with a 
small proportion of tetraraethylgluooso. All 
depends on whether the processes of acetylation, 
partial de-acctylation, and methylation used to 
convert cellulose into trimethyl-ceUulose can be 
effected with little or no scission of the chain 
molecules. Haworth and Machemer (J.C.S. 
1932, 2270, 2372) answer this question in the 
affirmative and claim that the chain length of 
about 200 glucose residues found for the 
methylated cellulose can be applied to cellulose. 

Estimates made on the measurement of the 
reducing power either by means of copper or 
iodine give maximum values of 300 and 175 
respectively. 

On the phj’sieal side, measurements of chain 
length have been made by viscosity deter- 
minations. Staudinger (Naturwiss. 1934, 22, 
797, 813) gave the folloiring figures for purified 
celluloses ! ramie 1,000, cotton 750, sulphite- 
pulp 230'-310, viscose rayons 100-250, in- 
dustrial cellulose acetates 150-250. 

By the xiltra-centrifuge method the figures for 
cotton cellulose are 220-280 by one observer, 
and 1,300 by another. 
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The suhject is still one of e\f reme controvert. 
Hesa, Staudmger, and other Continental workers 
formulate cellulose as a thread with at least 
2,000 glucose units and show that meth^latioa 
in presence of air gives nse to degradation (Hess 
and Neumann, Ber. 1937,70. [B], 728). Obscrva 
tions with hjdrocellulose and ox^celluloae con* 
firm the view of the very large molecule and it 
would appear that Haworth’s figure of 200 
glucose units IS an expression of a simplified 
unit, perhaps even a side chain, and that 
possibly a distinction must be drawn both for 
cellulose and starch between the chemical mole 
cules and physical units. A fuller discussion 
will be found in the Annual Review of Bio- 
chemistry, 1938, vol 7 

The chemical structure of aU celluloses so far 
examined appears to be identical 

^Mien cellulose is treated with acetic an 
hydnde, it is acetolysed : that is both acety 
lated and hydrolysed. Under certain conditions 
the main product is cellohiose acetate which, 
after correcting for losses, has been isolated m 
amount corresponding with 60^^ of cellohiose 
Under other conditions Hess and Dziengel 
(Ber. 1935, 69, [B], 1594) hare been able to 
obtain at least 16% of cellotnose Cellotetraose 
and cellohexuose have also been described (Will* 
stSttcrand Zechmeister, Ber 1929, 62, (B). 722 , 
Zeehroeuter and Toth, Ber 1931, 64, (B], 854). 
These are the imtial members of a long senes of 
condensation products of glucose 

The molecular rotation of an oUgosacchande 
will he the sum of the rotstion of the two 
terminal glucose groups which together make 
up cellohiose and those of the non terminsl 
glucose onitj As the chain length increases 
the molecular rotation per glucose unit will 
asymptotically approach the value correspond 
ing to the contnbution of a non terminal glucose 
unit. This is actually the fact, indicating that 
tnmethyl cellulose is similar in structure and 
configuntion to the methylated obgosacchandes 
but ciiifers m having a much greater chain length. 

3fuch of the above applies to starch in which, 
however, the linkage of the glueopjTanose mole- 
cules IS causing, it is bebeved, the molecular 
chain to take a spiral form. According to 
Staudingerand Ellen (Dcr 1936,69, [B], 819). this 
explains why starch of molecular weight 50,000 1 
behaves in solution as if it were of the same ^ 
chain length as a cellulose of 5,000. ' 

In practice more than 99% of glucose is 
obtained oa complete hydrolysis of starch ; 
this disposes of the suggestion that the chain 
terminates in a carboxylic acid group 

Haworth (J.C.S 1932, 2376), by the non 
rtducmg end unit method, concludes that the 
number of glucose units is of the order of 24-30. 

Figures based on reducing power, which is 
quite distinct and measurable, are much higher, 
varjnng from 460-1,470 accordmg to the 
sample, kleasurcment of osmotic pressure indi- 
cates 1,230, and of sedimentation 5,550 units. 

These figures sre mutii larger than Haworth’s 
and it is probable that with starch some degrada- 
tion takes place dunng the metbylation process. 
In support of this new recent French work 
indicates that when acetylation is effected under 
tfry conditions, it is impos-sible to introduce more 


than two acetyl groups into starch. CerUa 
starches arc associated with phosphoric scid cf 
which the significance stiU remains a miller of 
conjecture. 

On the hypothesis that pure unmodified starti, 
if there be such a substance, ha« a small rednrmg 
power, it will be obvious that in the early itajei 
of hydrolysis a small increase in reducing pown 
corresponds to a large decrease in average cliim 
length. Smee the viscosity of a solution of chain 
molecules is closely related to their avtrsse 
length, a rapid initial diminution m viscosity 
would be anticipated. This happening is veil 
known with starch pastes and has been nsusllj 
attributed to the formation of “ soluble starch ” 
by processes differing in kind from hydrolysu 
proper. It would appear such erplanstion a 
no longer correct and that soluble starch is a 
degradation product (see Richardson, Higgin- 
botham and Farrow, Shirley Institute Jlemoin, 
1935, 14. 63). 

The diff^erence in viscosity between different 
starches may be in part accounted for by their 
differences in cham length. Sago starches have 
the shortest chains and fannas the longest. The 
vanoiM starches exhibit different degrees of 
resistance to enzyme action. 

There is a good deal of evidence for what at 
first sight might be regarded as an anomalou 
fact that the two enzymes, a and amylase, is 
attacking the same material, which appears to 
be some 60% of the starch molecule, produce 
two different final fission products, namely 
«• and p maltose. 

This subject is still under active Investigation 
(see Freeman and Hopkins, Biocbem. J. 1938. 
30.442. 451). 

Glycogen, the reserve carbohydrate of the 
aiumal organism in which it takes the place of 
etarch, is a regular constituent of all developior 
cells. It IS present in the Lver up to lO^o and 
in muscle. It also occurs in the lower fungi. 
It has [a]D-fl96'’to + !97". 

Accordmg to Haworth and Pcrcival (JCS 
1931, 1342 { 1032, 2277), the average minimum 
chain length is 12 glucose units. Fuh liver 
glycogen appears to be identical with that from 
rabbit liver. 

Galactogen from the mail is a gaUcto'C 
polymer having properties similar to glycogen 

Mannans. — ^These are a group of poly- 
sacchandes composed of mannose or of mannow 
and glucose combined together, such poly- 
aaccbandcs are frequently found together in the 
same plant. 

The vegetable ivory nut contains a mannaii 
forming a triacetate and yielding at first a 
mannobiose on acetolysis (Pringsheim aBO 
Seifert, Z. physiol. Chem. 1922. 123, 2ai). 

The glucomannan of Konjak powder [Arnor- 
p^ophalloi Konjal) contains mannose ana 
glucose m the ratio of 2 : 1. Salep-mannan from 
Tvbtm »aUp is composed of mannose umts com- 
bined through the glj cosidic groups as are tae 
glucose units in etarch (Klagcs and NicmsM. 
Annalen, 1934. 509. 159; 512, 165; 1936,623. 
224). 

”1116 yield of tetrametliyiroannose obtained on 
hydrolysis of the niethylate<l salep-mannan 
indicates a chain length of some 60 msnnow 
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units (mol. wt. 12,000). This mannan is fairly 
soluble in water, whereas ivory nut mannans are 
insoluble. It is suggested that there is lateral 
coupling of the polysaccharide chains so that 
the particles are more nearly spherical. Mixed 
glucomannotriose and biose have been obtained 
from Konjak mannan. 

Inulin is widely distributed as a reserve 
material in plants having tubers or tuberous or 
fleshy roots, particularly in the autumn in dahlia 
tubers, Jerusalem artichoke, chicoiy, garlic, 
onions, and other plants and bulbs. 

The purest inulin has [ajp —35° to —36°. It 
does not reduce Fehling’s solution under three 
minutes’ boiling. It is hygroscopic, but can be 
completely dried in a vacuum over phosphorus 
pentoxide (Berner, Ber. 1930, 63, [B], 1356). 

The present knowledge in regard to the con- 
stitution of inulin may be summed up quite 
briefly : 

1. It is entirely composed of fructose mole- 
cules. 

2. These fructose residues are exclusively of 
the y-type. 

3. These are linked in the form of a long 
chain. 

4. The point of linkage is between the first 
carbon of one molecule and the second carbon 
of another molecule of fructose. 

5. The number of fructose residues in the 
molecule is approximately 30, with a molecular 
weight of 6,000. 

These conclusions have been reached as the 
result of the careful hydrolysis of methylated 
inulin. The main product is 3:4:6-trimethyl- 
fructoso first identified by Haworth and Learner 
(J.C.S. 1928, 619), of which 85% of the theo- 
retical amount has actually been isolated. Four 
additional substances have been shown to be 
present by Irvine and Montgomery (J. Amer. 
Chom. Soc. 1933, 55, 1988), namely, methoxy-5- 
methylfurfural, which is merely a decomposition 
product of trimethyl -y-fructose, trimethyl- 
glucose, totramethyl-y-fructose, and trimethyl- 
a nhydrofru ctose. 

Considerable importance attaches to the tri- 
methylglucose. The actual amount present in 
the hydrolysate has been shown to bo of the 
order of 3% (Jackson and Goergen, Bur. Stand. 

J. Res. 1929, 37) to 5% (Pringshcini and Reilly, 
Ber. 1930, 63, [B], 2636), but it is now clear that 
the conversion of y-fructose into the correspond- 
ing glucose derivative takes place under the 
conditions adopted to hydrolyse trimethyl 
inulin. 

A number of polymers of fructose have been 
found to occur naturally. The hvan obtained 
by the action of P-mesentericiis on sucrose or on 
raffinosQ consists of chains of fructofuranose 
units joined through positions 2 and 6 (Hibbert, 
Tipson, and Brauns, Canad. J. Res. 1931, 4, 221) 
having a chain length of 10-12 units (ChaUinor, 
Haworth, and Hirst, J.C.S. 1934, 676). The 
same levan has been found as reserve carbo- 
hydrate in meadowgrass (ibid, 1560). 

Irisin, a polyfructose convenient!}’ obtained 
from the rhizomes of Iris pseudacorus, is claimed 
to contain 2;4-nnhydrides of fructofuranose 
(Schlubach, Knoop, and Liu, Annalen, 1934, 
611,140). 
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Pentosans. — These important constituents of 
the woody tissues of plants are determined by 
conversion into furfuraldehyde under standard 
conditions. The best known is xylan, which 
forms 30% of esparto cellulose. This was long 
thought to be wholly composed of xylose, but 
has been shown to contain some combined ara- 
binose (Haworth, Hirst, and Oliver, J.C.S. 1934, 
1917). 

It is considered that the arabinose is a terminal 
unit associated with about 16 xylose units which 
are pyranose in structure though other more 
complex structures are possible. 

Fuller details of the questions discussed will 
be found in “ The Carbohydrates,” by E. F. and 

K. F. Armstrong, Longmans, 1934, and “ The 
Glycosides ” by the same authors, Longmans, 
1931. Physical constants of sugar derivatives 
are contained in Vogel and Georg., “Tabellen 
der Zucker und ihrer Derivate,” Berlin, 1931. 

E. F. A. 

CARBOHYDRAZIDE (has been called 
Carbazide), 

C0(NH’NH2)2, 

obtained by heating alky] esters of carbonic acid 
with hydrazine hydrate at 100°. It forms 
colourless crystals, m.p. 152°-153°, and combines 
with 2 mols. benzaldehyde to form the com- 
pound CO(N H’N:CH Ph) 2 , m.p. 198° (Curtius 
and Heidenreich, Ber. 1894, 27, 55; J. pr. 
Chem. 1895, [ii], 52, 454). 

CARBOLIC ACID, phenol, CjHj-OH. 

Occurrence . — Carbolic acid occurs in small 
quantities in castoreum (Wohler, Annalen, 1848, 
67, 360), in urine (Stadeler, ibid. 1851, 77, 18), 
and is a constant product of the putrefaction of 
albumen (Baumann, Ber. 1877, 10, 685). It is 
formed when organic substances are strongly 
heated, and is contained in the tars obtained by 
the dry distillation of bones, wood (Duelos, 
Annalen, 1859, 109, 163), shale (brown coal) and 
coal (Runge, Pogg. Ann. 1834, 31, 69 ; 32, 308 ; 
Laurent, Ann. Chim. Phys. 1841, [iii], 3, 195). 

Preparation . — ^In Great Britain phenol was, 
until 1910, obtained exclusively from gas works 
tar. Witli the development of the by-product 
coke oven, commencing about that date, tar 
from this source was similarly treated for 
recovery of phenol. During the period 1916- 
1918 three plants producing synthetic phenol 
from benzene were in operation, and from 1919 
to 1936 coal tar again formed the only source, 
the annual production in 1935 being about 3,000 
tons. In the latter year a synthetic plant com- 
menced production. In Germany, coke oven tar 
is the main source, but synthetic plants are also 
in operation. The pre-war production of 2,400 
tons per annum increased to 4,826 tons in 1933, 
of which 3,500 tons were obtained from coal tar. 
Total production from tar, synthetic processes, 
and recovery from ammoniacalliquor is now( 1937) 
of the order of 10,000 tons per annum. In 1935 
the total production was not far from 9,000 
tons. In U.S.A. the production from coal tar 
rose from 450 tons in 1914 to 1,350 tons in 1929, 
and by 1935 to between 5,000 and 6,000 tons. 
The production of s}’nthetic phenol in U.S.A. 
reached a maximum at 44,600 tons in 1918, 
after which most of the plants were closed down 
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until 1923, Bince when output has increased to 
9,000 tons la 1929 and to o>cr 20,000 tons in 
1935, mainlj to meet the demand from the 
bakelite ream industrj . The hydn^nation of 
coal for the production of motor spirit yields 
phenol and cresols as by-products, but no 
production figures are yet available. 

The phenol content of coal tara depends upon 
the method of carbonisation and the coal used ; 
typical figures are . average English gas works 
tar, 0 4-0 S% ; Ruhr coke oven tar, 0 18% ; 
Silesian coke oven tar, 0 41% ; Saar coke oven 
tar, 0 59/0 J German gas works tar, 0 89%. 
For low temperature tar, figures from 0-1 to 
1-5% have been quoted (Wiltshire, J S.C.I. 
1931,50, 125Th the hydrogenated tar containing 
4 9%. The preparationof caibolicacidfrom coal 
tar IS effected by washing the light oils and 
carbolic oil, that is, the oils distilling below 
230'C, with a solution of caustic soda, spgr. 
1 075-1'100, when the tar acids (phenols) are 
dissolved as sodium compounds and form a 
heavy solution upon which the hydrocarbon oib 
float The use of a stronger solution of caustic 
soda mcieascs the quantity of naphthalene 
dissolved, and is not recommended. As phenol 
m tar is usually accompanied by 3 to 4 parts 
cresols and xjlenols, if it is desired to extract 
the whole of the caibobc acid and as little as 
possible of its homologues, the oils are washed 
frsetiooaUy. For example, a quantity of caustic 
soda solution more than enough toextnet all the 
carbolic acid, but insufficient to take up all 
the cresylic aud, is employed and the phenate 
and cresjlate of soda solution drawn off is 
used to wash another portion of o3 when the 
cresylate of soda is decomposed and the cresyhc 
acid IS partly replaced by phenol In most 
works, howe>er, practically the whole of the 
phenols contamed to tho hght oils and carbohe 
oil fractions is extracted, and after separating 
the phenols by one of the ways desenbra later, 
the mixture of carbolic and crcsjhc acids 
obtained is separated by fractional distillation. 
If there is a good market demand for cresyhc 
acid the higher boding creosote fractions 
may also be washed. The phenate of soda 
iWiV«*A5iv ef puvEuW fry 

blowing steam through it to remoi e naphthalene, 
neatrs) oils, and pyndine bases, the operation 
being contmued until the condensed distillate 
ceases to have a milky appearance. 

Tlie solution is then decomposed by carbon 
dioxide, normally obtained from a coke pro- 
ducer or from a hme kiln Afen small works still 
employ the older method of deconii»osing lime- 
stone with sulphnnc Or bydrochlonc acid The 
free tar acids float to the surface and arc 
separated and treated with sufSoicnt sulphnnc 
Hcid to neutralise the dissolved alkali, and simul- 
taneously reduce the water content to below 
15%. The ulkah content of the crude tar acids 
before acid treatment may be reduced by treat- 
ment with further CO., thus forming the less 
soluble bicarbonate. 

The separated solution of sodium carbonate, 
which rontajm about 1% of rarbolic arn}, is 
recausticised with Itme and used again to 
wash a further quantity of oil. The carbolic 
acid remaining m solution is thus recovered. 


inasmuch as it goes fonvard with the regenents<] 
caustic soda and is regamed in the next washing, 
and the total use of Na^COj in the proc^a 
reduced to about 1-lb. per gallon of crude phesoh 
recovered. The crude carbohe acid thin 
obtained contains, besides phenol (carbohe acid), 
about 1 4-15% of water and variable quantities of 
cresyhc acid. It is brought into commerce 
in a number of quahties, the most important of 
which IS known as “ 60’s,” being a product 
which when exammed by Lowe’s test (p. 30S) 
gives a crystalhsation test not lower than fiij'f. 
This product is further subdivided into grades 
according to the amount of impurities (neutral 
oils and pyndine bases) present, A dehydrated 
quality contains less than 3% water and tie 
(Lstilled quality also contams less than 3% water, 
and shows not more than 2% of pitch residue 
in the distillation teat as compared with figures 
of up to 6% in the ordinary quahty (c/. BSI. 
specifications 515 and 516 of 193S). 

The preparation of pure phenol from the crude 
product involves first a distillation from a 
wrought iron still, usually fitted with a fret- 
tionnting column, water comes over first, and 
then crude phenol, which is collected apart so 
long as the distillate crystallises on cooling to 
15®C., finally crude cresyhc acid distils over, 
a pitch residue being left m the still. The crude 

E heool IS then redistilled from a steam coil- 
eated vacuum still fitted with an eScieot 
bubbhng hood or ring-packed frsctionating 
eolumn, the condenser and attached pipes oa 
this atiU being of enamelled cast iron, tm, 
nickel, or monel metal; silver was formerly 
used. The distillate fraction having a nuaimum 
ciyatalhsing point of 35*C , is allowed to cool 
and crystallise, and the crystals are separated 
from the hquid portion either m a drainer er 
m a centnfugal machme. The hquid portion 
IS reworked through the still with the neit 
batch. The drained crystals may be treated 
with a small quantity of concentrated sulphuric 
acid and potassium dichromate and redistillrd. 
Other punfymg reagents which have b«n 
proposed are aromatic sulphonic acids (17SP. 
18248C4), sodium borate (B.P. 27621C), and 
a&tffr cariuaafes- if J'S'su’ 

cases the separation of the last traces of crc3>lie 
acid IS effected by adding a amah quantity of 
water and cooling’ the mixture, when phenol 
hydrate crystallises out ; this is separated 
from the liquid portion which contains the 
cresyhc acid, and the crystals are redistilled. 
Water comes oxer first, and then the vapour 
temperature rises rapidly and pure phenol 
distils o%er («ee Rhodes, Weils, and Murray. 
Ind Eng. Chem. 1925, 17, 1199). Tmorniael 
storage vessels are employed and the prodoct 
is despatched in tinned or galvanised iron drums. 
Synthetic phenol is now made by two methom* 
(1) By Bulphonatmg benzene, neutralising the 
resulting bcnzenesulphonic acid and /wing in* 
sodium salt with caustic soda. Normal]), s« 
of 99-100% Btrength is employed, 
tore of suJphonation being 100®-120'C. it 
solplionation charge is diluted with w»tef. 
ncntra!i'‘ed with milk of lime, and filtered on a 
rotary filter or through Dorr thickenen. i 
calcium phenate is decorapo-^eil with sodiu 
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carbonate and the separated carbonate is used to 
neutralise a further charge of siilphonate. For 
the fusion stage, 25-30% excess NaOH is em- 
ployed in direct heated pots at 340'’C., decom- 
position begins energetically at 320°. The 
j’ollowish- brown mass is treated with sufficient 
water to yield a solution of sodium phenate 
containing 10% sulphite, leaving the bulk of the 
sulphite undissolved. The solution contains 
16% phenol, and COj, SOj, or H^SOj is 
added and the free crude phenol then separated 
and redistilled. The sulphite can be employed to 
convert the calcium sulphonato into sodium 
sulphonate and also for the production of SO 2 
for the separation of the phenol. Killeffer (Ind. 
Eng. Chem. 1924, 16, 1066) describes a modern 
sulphonation process and costs data are given 
in D.E.S. Tech. Records Xo. 6. The process 
has been improved by increasing the yield in 
the fusion stage (absence of air), by eliminating 
the use of lime and utilising the NSjSOj by- 
product. Rhodes, Jayne, and Bivins (Ind. 
Eng. Chem. 1927, 19, 804) state that by fusion 
of the sodium sulphonato with 15% exces.s 
NaOH at 350° in the absence of air (super- 
heated steam passed over the melt) a yield of 
96% of the theoretical is obtained. In presence 
of air, formation of o- and p-diphenols lowers the 
j'ield to 87%, and if too little .NaOH is used, 
diphenylether and thiophenol are formed (see 
also B.P. 218034, 1923). 

(2) By chlorinating benzene and heating the 
resulting chlorbenzene with caustic soda solu- 
tion under high pressure, Aylsworth (U.S.P. 
1213142, 1917) showed that decomposition of 
the chlorbenzene can be carried out con- 
tinuously if the mixture is passed through a tube 
still under pressures of 2,000-4,000 lb. per sq. in. 
at 340°-390°, i.e. at temperatures which approxi- 
mate to the critical temperatures of water (372°) 
and chlorbenzene (362°). Hale and Britton 
(Ind. Eng. Chem. 1928, 20, 114) investigated 
this reaction, and the Dow Chemical Co. patents 
and process are based on their work (U.S.P. 
1737841, 1737842, 1744961, 1756110, 1856021). 
Hydrolysis is carried out in a welded coil auto- 
clave consisting of 1 mile of 4-in. tube of wall 
thickness 4-in., pressures up to 4,000 lb. per sq. in. 
at 340°-350° being employed. Diphenyl oxide or 
diphenyl is employed as heat transmitting agent. 
Diphenyl oxide is added to the reaction mixture 
and is mutually miscible with the chlorbenzene 
and facilitates emulsification with the caustic 
solution. The formation of further diphenyl 
oxido and other side reactions arc thereby 
repressed. Hydroxydiphenyl, mainly the para- 
compound, is the chief constituent of the waste 
tar formed, and is apparently to be traced to 
phenol acting in its tautomeric form. Phenol 
yields of the order of 93% are claimed. Caustic 
soda may bo replaced bj' sodium carbonate in 
presence of a copper catalyst. 

An attempt has been made to simplify the 
high-pressure chlorbenzene process bj' hydrolysis 
in the vapour phase with steam under ordinary 
prc.ssures, tho mixed vapours being passed 
through a heated porous cataivst at 700°. 
I.G. Farbenind. A.-G. (B.P. 2SS30S and 308220) 
claim increased yields using the same reaction, 
certain metals such as Ca, Ni, Co or metallic 
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oxides being added to a silica gel mass (see also 
Pralil and Mathes, Angew. Chem. 1934, 47, 11 : 
Raschig, B.P. 362817, 387832, 410331). 

Manufacture through nitrobenzene-aniline ; 
by direct oxidation of benzene (U.S.P. 1547725) ; 
or by the action of water and air on benzene in 
the presence of an alkali and certain metallic 
oxide catalysts (U.S.P. 1595299) ; and by 
elimination of the methyl group from cresols 
has also been investigated (Kahl, B.P. 427145). 

New reagents have been suggested for the 
extraction of phenols from tar oils, particularly 
those obtained by low temperature processes. 
Stanier (B.P. 344614) employs triethanolamine, 
the extract being diluted with water preferably 
followed by saturation of the diluted mixture 
w'ith CO 2 or HjS. The free base is recovered by 
concentration of the phenol-free solution. 
Pcrilhon (B.P. 338638) employs an aqueous 
solution of alkali carbonates under pressure 
and at temperatures above 100°C. w'ith con- 
tinuous escape of COj. The phenates are 
isolated and decomposed with COj. Miller 
(U.S.P. 1819687) employs milk of lime, and 
alcohol and ammonia have also been employed, 
particularly in the treatment of low-temperature 
tar oils (Jarry, Compt. rend. 1932, 194, 614). 

The ammoniacal liquor from gas and by'- 
product coke ovens is another source of phenol, 
and since 1927 a number of plants have been 
put into operation in U.S.A. and in Germany. 
(Wiegmann, Gliickauf, 1932, 68, 40 ; Berthelot, 
Rev'. Met. 1933, 30, 488). The first British 
plant began operation in Manchester in 1931 
(Gas J. 1931, 195, 468). These processes yield a 
small margin of profit but have been developed 
mainly with a view to reduction of toxicity 
of the ammonia still efBuents. The con- 
centrated liquor is extracted with benzene 
and the phenols recovered either by fractional 
distillation or by extraction with caustic soda 
solution and acidification of the resulting 
phenates. Tho Koppers process recovers the 
phenols from the partly distilled liquor in the 
ammonia still — ^the liquor being extracted with 
benzene before passing to the hming leg of the 
still. At Manchester the liquor is eoncen- 
trated in tho foul gas main to 14-18% NH^CI 
content, and tiien washed with benzene. The 
higher tar acids and benzene are recovered 
from tho effluent by means of active charcoal. 
Robinson and Parkes (B.P. 260686) recover the 
tar acids by acidifying the liquor with CO„ 
treating with active charcoal, separating the 
latter, and steaming off tho tar acids. The use 
of tricresylphosphate as an extracting medium 
has been patented. Tho ratio phenol ; cresols 
in tho recovered product is stated to bo 2 : 1. 
Recent information indicates that 1,800 metric 
tons per annum of pure phenol are recovered 
in Germany from gas and coke oven liquors, 
equivalent to about 15% of the total output. 

“ Liquefied phenol,” phenol, 80%, w/w with 
water (limits 78-5 to 81'5). Specific gravity about 
1’003 (B.P.C. 1934), is to bo distinguished from the 
commercial liquid carbolic acid, which consists 
essentially of a mixture of the three isomeric 
cresols. 

Properties . — Pure phenol (carbolic acid) 
crystallises in long, colourless needles, which 
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tend to turn pink on storage ; has a charac 
terutic not unpleasant aromatic odonr. and 
an astringent but sweetish taste. The cijstal- 
iising point is given as 41-0* corr. {Dawson 
and ilountford. J.CS. 1918. 113, 937), 40 8* 
corr. (Rhodes and Jlarkley, J. Physical Chem. 
1921, 25, 627), 40 92’i01'‘ corr. (Hill and 
Mahsoff. J. Amer. Chem. Soe. 1926, 48. 921); 
see aUo Fox and Barker (J.S C 1. 1917, 36, 
842; 1918, 37, 268), and Stratton and Parting 
ton (Phil, ^iag. 1922, 43, 326). The standaid 
commercjal product has c/ystalhsing point 
39 5*-40 8" (see B.S.I. Specn. No. 623 of 1938). 
Phenol, B.P. must give a dear solution in 
13 parta of water at 15 5°C., contain not less 
than 98% CgHjOH, and have crystaUising 
point atout tO^C. The specific gravity of 
phenol at 18'C. is 1 065 (Laurent) ; 1 0710 

(Dawson end Mountford (le)) 10586 

(Richardson and Robertson, J.CS 1928, 1775), 
while d( between 40° and 60° has been <)uoted a.s 
J OftOOSofit- Jtj ejywja.'jnn TOtJ> tnm- 

perature 1° at 760 mm pressure is stated by 
Kopp as follows ; 

ri-.l+6744x 10-’1+ 172x 10~'t* 

+5(M08xlO-“l». 

The freezing points of phenol containir.g 0, 0 5, 
l-O, 1-5, and 2 0% of water are 408, 38 8*. 
36 8®, 35 0*. 33 2® respectively. Bp is 73 6*/10 
mm , 120 2®/100 mm.. 159 7®/400 mm , lC7®/500 
mm., 181 7®/760 mm. Refractive index 
1-5509, ng 1*54018. The latent heat of fusion 
has been measured by Stratton and Partington 
(( e.}, and found to be 28 9 g. eal. per g. Data 
for the two crystalLne forms are given by 
Bndgman (Proc. Amer. Acad. Arte. Sci. 1915- 
1916, 51, 111), The heat of combustion is 
?34'2 kg .cal /mol (Berthelot and Lugimn. 
Ann.Chim 1888, [vi], 13, 329). Surface tension 
at 5(rC., 37-74; at 90°C.. 33 35 (Bercteller, 
Biocbem. Z 1914, 66, 173) Heat of solution 
-10 9 kilo joules per mol. solute. 

Phenol coagulates albumin, is a powerful 
antiseptic, being more eiTective against aerobic 
than anaerobic bacteria, acts as a caustic on the 
skin, and is very poisonous. Its local action is 
much influenced by the solvent — a eolution in 
pure glycerol and alcohol is scarcely caustic. 
Phenol bums on the skin ehould be washed 
freely with alcohol and subsequently treated as 
ordinarj’ bums (Allen). 

The critical solution temperature and con- 
concentration in water are variously given as 
65 3°, 36 5% (Badey, J.C.S. 1925, 127, 1952) ; 
65 85°, 34-23% (HiU and Malisoff.fc.) ; 65 5°. 
34 0^0 (DoUque, Compt. rend. 1932, 194, 289) 
The effect of the addition of small quantities of 
benzene, naphthalene, or pyndme is to raise 
the critical solution temperature, but it is lowered 
by resorcinol, pj rocatcchol, or hydroquinone 
(see also Bull. Sci. Pharmacol, 1932, 39. 129). 
For effect of salts on the critical solution 
temperature, tee Patterson and co-workers (J. 
Physical Chem. 1925. 29, 293; J C'.S 1925. 
127, 2544). Hill and Mahsoff (fc) give the 
fallowing figures for the mutual solubility of 
phenol and w ater : 



1 Flienol phase. I 

Water vha« 







phenol 

Density 

phenol 

Dtniltj 

20° 

72-16 

1-0541 

8 36 


25° 

71-28 

1 0469 

8 66 

1-0045 

30* 

69 90 

1-0429 

9 22 

1-0039 

35° 

67-63 

1 0103 

9 91 

09974 

57-3* 

— ! 

— 

14 87 

_ 

62 55* 

51 87 

— 

— 


65 79® 



27-77 

- 


Rhodes and Markley (/ c.) give the hydrate ti 
SCjHj-OH.HjO, mp. 169°. The hjdrata u 
not readily isolated, but can bo obtained 
seeding with hydrate crystals or by coohag to 
Very low temperatures. It forms eutectics wjti 
phenol and ice respectively. The solid phas* 
which ordinarily appears when a mixture of 
J'bemzd and vateT is coded is the isettslshh 
ahhydrous phenol, due to the tendency towards 
auapended transformation. 

The coefficient of reciprocal miscibility of 
phenol and water steadily increases with the 
addition of alkali hydroxides to the wafer 
Acids and salts of the stronger acids cause a 
<liminution of the coefficient, and the same holJi 
gbod for Alkali carbonates (Dubnsay, Tnpier, 
<thd Toquet, Compt. rend. 1916, 167, 103C] 
The influence of neutral salts on the partition^ 
of phenol ^tween benzene and water, whets’ 
^«salt concentration, is given at 25® b)- 
5-2 272x 37-71 X where B and 

C are molar concentrations of phenol in benzene 
«t»d the aqueous layers respectively, and ^ 
t* a constant characteristic of the salt (Endo, 
Bull. Chem. Soe. Japan. 1927, 2. 124). Boyd 
(<1.C.S. 1915, 107, 1538) gives the ionisation 
constant Ifa(25®)-M5x Phenolissoluble 
10 all proportions m alcohol, ether, benzene. 
gUcial acetic acid, glycerol, obve oil, chloroform, 
carbon disulphide, etc. 

A. Hagemann (Z. angew. Chem. 1929, 42, 

)3 ; 1931, 44, 221) has studied the thermal 
decomposition of phenol, the main product! 
h^mg ryc/opentadicne, naphthalene, carbon 
monoxide and methane. In the presence cf 
hjdrogen, benzene is also formed. 

Phenol IS readily attacked by tin ; no action 
at 30°C , but above the temperature of 
hoihng water benzene and SnO| are formed 
Boiling anhydrous phenol dissolves alumimum 
With evolution of hydrogen and formation ol 
Al(OC,H.),. but the action is inhibited by 
presence of water ; the phenate decompoiM 
Oh heating to form diphenyl ether. The 
tWiistant metals are nickel, silver, and me«i 
•hd chromium-nickel steels of the 18,8 tyje 
(Rhodes, Riedel, and Hendricks, Ind. 1^8 
Chem. 1934 26, 533). Two isomeric mon^ 
hitrophenoU are obtained by the action of duu 
nitnc acid (sp. gr. 1 34) ; at lower tem^ratorci 
the para- and at higher temperatures ^ 
derivative appears to be chiefly 
•tein, Ber. 1878, 11. 1943). By the 
*rtion of nitric acid, dinitrophenol (Kolw, • 
*871, 4. 147) and trinitro phenol (picric acwi 
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(Schmitz and Glutz, Ber. 1869, 2, 52) are 
formed. 

Chlorine and bromine convert phenol at 
ordinary temperatures into mono-, di-, and tri- 
substitution derivatives, and at higher tempera- 
tures or in the presence of halogen carriers, such 
as antimony pentachloride, etc., into tetra- 
and penta- derivatives. The nitro-, chloro-, and 
bromo- derivatives are fairly strong acids, and 
the acid character increases with the number of 
nitro-groups or chlorine or bromine atoms intro- 
duced into the molecule. Iodine yields mono- 
and di-derivatives in the presence of mercury 
(Hlasiwetz and Weselsky, Ber. 1869, 2, 524) or 
iodic acid (Komer, Annalen, 1866, 137, 213). 
Sulphuric acid converts phenol into two isomeric 
monosulphonic acids (Kekule, Z. f. Chem. 1867, 
[2], 3, 197) ; at ordinary temperatures the ortho- 
and at higher temperatures the para- acid is the 
chief product. When heated with ammonium 
zinc chloride at 280°-300°, phenol yields aniline, 
together with diphenylamine and phenyl ether 
(Merz and Weith, Ber. 1880, 13, 1299). When 
fused with caustic potash, salicylic acid, mela- 
hydroxybenzoio acid and two isomeric diphenols 
are formed (Barth and Schreder, Ber. 1878, 11, 
1332), whilst fusion with caustic soda results in 
the formation of pyrocatechol, resorcinol, and 
phloroglucinol (idem. Ber. 1879, 12, 417). The 
behaviour of sodium and potassium phenates 
when heated in a current of carbon dioxide has 
been studied by Kolbe (J. pr. Chem. 1874, [ii], 
10, 89 ; cf. aho Schmitt, ibid, 1885, [ii], 31, 
397 ; D.R.P. 29939/1884) ; with eoium 
phenate the reaction commences below 100®, is 
most rapid and complete about 180°, and con- 
tinues up to the temperature of the decomposi- 
tion of sodium salicylate with the formation of 
that compound as sole product, but with 
potassium phenate salicylate is formed only at 
temperatures below 150°, whilst at higher 
temperatures the isomeric potassium para- 
hydroxybenzoate constitutes almost the entire 
product ; in these reactions, one-half of the 
phenol is recovered. When phenol is heated 
with phthalic anhydride and a dehydrating 
agent, such as zinc chloride or sulphuric acid, 
it yields phenolphthalein (Baeyer, Ber. 1876, 9, 
1230 ; Annalen, 1880, 202, 68). Phenol distils 
without alteration with phosphoric acid, but 
reacts with phosphoric anhydride at 40° to form 
monophonyl and diphenyl phosphates. 

Sodium and potassium phenates may be 
readily crystallised from their solutions. Cal- 
cium phenate is formed by dissolving phenol 
in milk of lime. On boiling the aqueous 
solution half the phenol is liberated and the basic 
salt CgHj-OCa-OH is precipitated. Like 
aliphatic alcohols, phenol forms both ethers and 
esters (e.ff. anisolo, methyl phenate, and saM, 
phenyl salicylate). 

Ucaclions. — (1) In aqueous solution phenol 
gives a violet colour with ferric chloride (avoid- 
ing excess) ; this, however, is developed neither 
in very dilute solutions nor in the presence of 
alcohol ; most mineral and organic acids, 
acetates and ether also interfere. Other 
compounds also give the same coloration, and 
therefore the test can only be employed as a 
control reaction; limit of sensitiveness, 1 in 


I, 500. (2) The aqueous solution, on treatment 
with ^ vol. of ammonia and then with a few drops 
of an aqueous solution of bleaching powder (1 
part in 20 parts of water), gives either at once or 
on standing a blue coloration ; limit of sensitive- 
ness 1 in 4,000 (Salkowski, Z. anal. Chem. 1872, 

II, 316). (3) Fresh bromine water, added to an 
aqueous solution of phenol, gives either at once 
or on standing a yellowish -white flocculent 
precipitate of tribromophenol, limit of sensitive- 
ness 1 in 43,700 (Landolt, Ber. 1871, 4, 770), 
1 in 80,000 by recognisable cloudiness "with slow 
crystalline separation (Lunge). Phenol homo- 
logues give similar reactions. (4) A solution of 
phenol assumes a deep red colour when heated 
at 100° with five-sixth its bulk of Millon’s 
reagent (a solution of basic mercury nitrate 
containing nitrous acid) ; the reaction is 
distinct with 1 in 60,000 and stiU appreciable 
with 1 in 200,000. )S-Naphthol gives a similar 
reaction (Chapin, Ind. Eng. Chem. 1920, 12, 
771). (5) Rodfllon (J. Pharm. Chim. 1921, 
[vii], 23, 136) gives the following characteristic 
reaction for phenol: — ^if 10 c.c. of a solution con- 
taining phenol are treated with a drop of 10% 
sodium nitrite solution and then poured on the 
surface of cone. H^SOj, a coloured zone (red 
above, green below) appears at the junction of 
the two liquids. 

Quantitative Estimation . — The exact phenol 
content of commercial crystals is determined 
from the crystallising point of the anhydrous 
sample (see “ Standard Methods of Analysis of 
Tar and its Products ”). lypioal figures are : 


Crystallising point, 
'C. 

41-0 

40-5 

40-0 

39-6 

38-5 


35-0 

30-0 

27-0 


Fractional content 
of phenol. 
1-000 
0-991 
0-983 
0-974 
0-957 
0-896 
0-809 
0-757 


The solubility in water, the colour, and the odour 
are also noted. 

The determination of phenol in liquefied phenol 
is based on the reaction with standard bromine 
solution. The precipitate formed with bromine 
consists of tribromophenol, and under certain 
conditions partially of tribromphenol bromide 
(see Koppeschaar, Z. anal. Chem. 1876, 15, 233 ; 
Beckurts, Arch. Pharm. 1886, [iii], 24, 562). 
The reactions involved are the following ; 

I. C8H5-OH-f3Br2=C6Hj,Br3-OH-f3HBr 
II. CeHs-OH-t-4Br2=CeHjBr3-OBr-f4HBr 

III. CjH3Br3-OBr-f2KI=C8H2Br3-OK 

-fKBr-flj 

In the modem standard method the follow- 
ing reagents are employed : (a) Decinormal 
bromide-bromate solution made by dissolving 
10 g. of potassium bromide and 2-784 g. of 
potassium bromate in distilled water and making 
up to 1,000 c.c. ; (h) decinormal sodium thio- 
sulphate solution. For the titration, 25 c.c. of 
the phenol solution (1-5 g. in 1,000 c.c.) are 
treated with 30 c.c. of the N/10 bromide-bromate 
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eolation in a etoppercd bottle and 5 c.c. of mined If the crjstalbsing point is below 45'F. 
concentrated hjdrochloric acid are added. The the product is graded as crude cresjUc acid 
contents of the bottle are repeatedly shaLcn for The product is then tested by submitting ?o0 c e 
half an hour, after which the bottle is allowed to of tlm sample to a fractional distillation. hfn 

stand for 15 minutes, treated with 5 cc of the thermometer records a temperature of 170’, 

a 20% ta/t> aqueous solution of potassium the distillation is stopped, the phenols in the 
iodide, shahen, and finally titrated with the aqueops distillate salted out and returned to tie 
thiosulphate solution to estimate the iodine distillation flask, and the distillation continued, 
liberated. One cc of iV/10 bromide-hroroate coUectingseparately (A) a fraction to 195®. and 
solution 13 equivalent to 0 001563 g. of phenoL (B) a fraction between 195® and 205®C. Frac- 
The method is accurate when solutions of tion (B) is redistilled and the distillate to 197" 
pure phenol, or mixtures from which the pure is added to fraction [A). To this eorahmed 
phenol can be separated, are to he tested, hub it distillate is added four times its weight of 
fails in the presence of cresols or other phenols phenol, the mixture is heated to remove traces 
(see also Messmger and Vortmann, Ber. 1890, 23. of moisture, and the crystallising point is then 
2753 ; Skirrow, J.S C.1. 1903, 27, 68 ; Schryver, determined. The phenol content is then ascer 
J.SC.1. 1899, 18, 653 , Weiss and Downs, Ind tamed by reference to a table. If the 
Eng. Chem. 1917, 9, 569, Fox and Barker, amount of sample available is small, or when the 
J.S.C.I. 1917. 36. 842T , \h\d 1918, 37, 265T . phenol content of the sample is less than 20%, 
Ifoffert, JS.C.I. 1922, 41, .734T) For a full the colonmetnc method due to Chapin (Ind 
discussion on the bromate. bromide method see Eng. Chem. 1920, 12, 771) may be employed. 
Callan and Henderson (J.S C.1, 1022, 41, ICITj u«a.— Phenol has powerful antiseptic proper- 
Pieters (Chem. Weekblad, 1930, 27, 334), ties, and was formerly largely used as a dis- 
Bach (Gaa-u. Wasserfach, 1931, 74, 33), and infectant. Its widest use now is in the syntbebc 
Scott (Ind. Eng. Chem. [Anal 11931,3, 67) hare resin (bakehte, q.v.) industry; phenol condeusea 
published methods for determination of phenol with formaldehyde la the presence of aeida 
in eSlucnt bquors. and alkalis to form solid resin-like bodies 

Fox and Gauge (J S C.I 1920, 39, 260T) add which are capable of polymerising under 
to the alkaUne solution contamms the phenols the action of heat into bard non fusible, 
a fleshly prepared solution of diazotised sul- relatively inert products, which are good 
phanilic acid and estimate the coupled phenols insulators and which resist chemical action, 
colorimetncally. Millar and Urbam (Ind. Eng. The phenol resins yield moulding powden 
Chem. [Anal.] 1930, 2, 123) employ a modifiM which give less shrinkage as the moulding cools 
form of this method, the phenol being quanti- than the corresponding cresol powders, and for 
tatirely destroyed by chromic acid and thus this reason are preferred where strict size limits 
determined by difference. in the finished article are essential. 

Crude earbohe acid “dO's” (see p. 304) is ^e more important mediefnals prepared from 
evaluated by determmation of the water content, phenol are aspinn, salicylic acid, methyl saliey* 
specific gravity, residue on dtstdlatioo, neutral late, sodium salicylate, and phenol^thalein, 
Otis and pyridine bases present, and by the m this order. Phenol, through its rutro- aod 
modified “Lowe’s" test The latter is per- amino-compoonds, particular^yofsalicyhcscid, 
formed as follows. 100 cc. of the sample are is used in the anihne dye industry. Thetnmtro- 
slowly distilled from a distillation fias^ bulb derivative, picric acid, was formerly much used 
'.capacity 170 cc, and the receiver is changed as a high explosive (lyddite). Other uses ars 
jwhen all the water and 10 c c. of clear distillate for perfumes, photographic chemicals, plasti- 
.'{oil)haTccoUected. Tbcrateofdistillationisnow cisers (tnpbenyl phosphate and cycfoheisnol), 
increased to I drop per second and 62J c c. are detergents (eycfohexanol), and synthetic tin- 
coffected; the receiver is then changed and nmg matenals. Phenol has recently been used 
distillation continued until pitching occurs, as an addition agent in copper plating for tbe 
The distillate of 62^ c.c. is then wanned, well purpose of refining the gram size of the deposit, 
shaken, and 20 c.c. placed in a small boding tube A new demand has arisen in the modem solvent 
surrounded by a larger boding tube forming an refining methods for lubricating oils (J. Dicltm- 
airbath. Tbelarger tube is immersed in a water eon. Oil and Gas J. 1935, 33, [61], 16). Phenol 
bath at a temperature not more than 3®F. below is also used industrially in the form of todjam 
theanticipatedcrystalhsingpoint. Thecontents pbenate. F.5I.P- 

of the inner tube are slowly cooled to about CARBOLINEUM, A brovm distillate c( 
0 5®F. above the expected ciystalh^ing point coal tar used for preserving wood; anthracene 
as previously approximately determine on a oil (b p. 250*-4(X)®> is one of the ingredients, 
separate portion of tbe distillate and then seeded CARBO OVEN v. Carbon; Wood Chab- 
with a crystal of phenol. The highest tempera- coal. 

ture recorded by the thermometer after crystal- “CARBON” (CARBONADO) f. Abba- 
lisation has commenced is taken as the crystal- sives. 

lising point. For accurate results it is neccs- CARBON. Sym. C. Atomic number 6: 
sary to employ’ standard apparatus and follow atomic weight 12 00, two isotopes of masse* 
carefully the standardised conditions (c/. B S.I. 12 and 13. It occurs in nature in the free state, 
specification N*o. 515/1938, S.T.P.T.C. Hand- and very abundantly in combination, notabij 
t«ok, 2nd ed.). The standard CO’s carbohe acid ui the form of carbon dioxide and carbonates, 
contains 45-46% phenol, 15% water, 6% pitch, and as an essential constituent of all orga^® 
and the product is sold on a eliding scale basis matter, e g. plant and animal tissues, coal, ete. 
related to the crystalLsing point as above deter- It is twelfth in the series of the relative aeon- 
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dance of elements in the earth. It is a tasteless, 
odourless solid, and exhibits great diversity in the 
physical characteristics of its allotropic forms, 
diamond, graphite, and charcoal. It vaporises 
without melting at 3,500°-4,000°C. (VioUe, 
Compt. rend. 1892, 115, 1273; 1895, 120, 868; 
Crookes, Proc. Roy. Soc. 1905, 76, A, 458; 
Moissan, “ Le Four !filectrique,’’ Paris, 1897, 
p. 159); 3,467° (Warmuthy, Wiss. Veroff. 
Siemens-Konz. 1928, 7, 317). In nearly all its 
compounds carbon is tetravalant ; the charac- 
teristic property of union between carbon atoms 
in chains or rings leads to the formation of a 
vast number of organic compounds. It is in 
general chemically inert at ordinary tem- 
peratures, but lampblack and charcoal take 
fire when introduced into fluorine. It unites 
with h 3 'drogen at very high temperatures to 
form hydrocarbons (Bone and Coward, J.C.S. 
1908, 93, 1975; 1910, 97, 1219; Pring and 
Hutton, ibid. 1906, 89, 1591 ; 1910, 97, 498). 
At high temperatures it is dissolved by the 
alkaline earth carbides and by platinum, 
rhodium, iridium, and palladium (Kahn, 
Compt. rend. 1906, 143, 49 ; 1907, 144, 197 ; 
Moissan, ibid. 1896, 122, 1479; 1896; 123, 16). 
It reduces alumina at the temperature of 
the electric are. The affinity of carbon for 
oxygen at high temperatures is responsible 
for its widespread use as a fuel, and as a reducing 
agent in metallurgy. 

Diamond was shown to be combustible by 
members of the Accademia del Cimento in 
1694, and Lavoisier in 1772 found that it 
burnt in air to produce a gas which turned lime- 
water milky. Tennat in 1797 showed that this 
gas was carbon dioxide, and Dumas and Stas 
in 1841 proved that diamond was pure carbon 
in colourless crystals associated with as little 
as 0-05-0-2% of ash. Graphite, as its synonj'ms, 
blacklead and plumbago, inciicate, was long 
considered to be a kind of lead and was often 
confused with molybdenite until C. W. Soheele 
(1779) demonstrated its true nature as a Idnd of 
mineral charcoal. 

Tile specific gravity of diamond is 3-3-3‘5, 
whilst that of graphite is 2'l-2'3. Diamonds 
occur sparingly in river beds or embedded in 
“ blue clay ” ; as found, they are rounded 
stones resembling gum arabic in appearance, 
but are cut for gems into shapes such as the rose 
and the brilliant which bear no relation to their 
natural crystaUino form. They are sold by the 
carat, the exact value of which varies in different 
countries ; the international carat is 200 mg. 
The largest knowm diamond, the Cullinan, 
weighed 3,024 carats before cutting. The 
crj'stal of the diamond, belonging to tiic cubie 
sj-stom, is often octahedral in habit. Rhombic 
dodecahedral, hexakis-octahedral, and tetra- 
hedral forms are known. X-raj’ examination 
has shown that in diamond each carbon atom is 
joined to four other atoms by valency bonds 
arranged tetrahedrallj' ; the distance between 
adjacent carbon atoms is l-SlA and the width 
of the hexagon rings is 2-51 A. This tctraheilral 
structure is the prototj'pe of that of aliphatic 
organic compounoj. Cij'.stallinc graphite, per- 
fect samples of which are rare, is hexagonal. 
X-ray analysis shows the carbon atoms are 


arranged in planes, each being situated at the 
comer of a regular hexagon ; the adjacent 
carbon atoms are 1-42A apart, the rings are 
2'46A wide, and the distance between adjacent 
planes is 3-40A. This structure, containing the 
plane hexagonal ring, is the prototype of that 
of aromatic compounds. So-called amorphous 
carbon may be graphite in an extremely fine 
state of sub-division ; thus Warren (J. Chem. 
Physics, 1934, 2, 551) has shown that single 
graphite layers mixed with graphite crystals 
exist in carbon black. In a study of the nature 
of industrial coke, Blayden, and Riley (J.S.C.I. 
1935, 54, 169T) survey the evidence for the 
existence of real amorphous carbon and give 
the following data relative to the ease of oxida- 
tion of various forms of carbon by potassium 
dichromato and phosphoric acid at 100°C. 


Diamond 

Mg. of CO 2 evolved 
in 21 hours from 

1 g. of material. 

. . 43 

G rapid te .... 

. . 824 

Sugar charcoal . 

. . 42 

Electrode carbon 

. . 1,044 

Il'ood charcoal . 

. . 328 

Retort carbon . 

. . 258-293 

Anthracite .... 

. . 86 

Pitch coke, gas pitch . 

. . 239 

„ oven pitch . 

. . 284 

Petroleum coke . 

. . 367 


It is suggested that the varying reactivities, 
e.xcept that of w'ood charcoal, may be due to 
differences in the graphite content of the 
material. 

It has recently been found that there are two 
types of diamond having different optical and 
photo-electric properties (Robertson, Fox, and 
Martin, Pliil. Trans. 1934, (A), 232, 463). The 
heat of combustion of diamond is 7,873 g.-cal., 
of graphite 7,840 g.-cal. (W. A. Roth). Dia- 
monds occur in all shades from colourless to 
black, about 5% aro flawless. Three varieties 
of diamond are used industrially ; the crystal 
or gem variety, boart or bort, a round form 
with confused crystalline structure, and car- 
bonado, or black diamond carbon, an opaque 
coloured aggregate of small crystals. Car- 
bonado and bort are regarded as forms inter- 
mediate between diamond and graphite. 

Many attempts have been made to prepare 
artificial diamonds by crystallising carbon from 
fused magmas — a process w'hich may have been 
responsible for the natural production of dia- 
monds. Since diamond is the hardest known 
substance it is a most important, abrasive. 
It is also used for glass-cutting tools and for 
dies for wire-drawing. Thus tantalum, tungsten, 
and osmium filaments are drawn through dia- 
mond dies. Rock-drilling, cutting and polish- 
ing stones are the most important uses of bort 
and carbonado. 

Graphite (seep. 313) is the most stable form of 
carbon at high temperatures and is very resistant 
to chemical action. A characteristic reaction bj’ 
which it may be distinguished from diamond and 
charcoal is the formation of graphitic acid or 
o.xide on treatment with nitric acid and potas- 
! sium chlorate (Brodie’s reagent). For this 
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parpoae H. Sfoissan mixes dry graphite with 
strong nitric acid and then makes successive 
additions of dry chlorate ; the oxidation must 
last for 12 hours and finish at 60®C., yieldii^ a 
yellow solid which retains the form of the 
original material. Graphitic acid, C^O, is 
thermally unstable and decomposes violently 
at 200®C., yieldmg carbon monoxide, carlxm 
dioxide, and a black aohd resembling graphite. 
Certain types of graphite need repeated treat- 
ment in order to effect complete conteraion to 
graphitic acid. Under like conditions diamond 
13 unaffected and charcoal is converted to a 
brown mass soluble in water. Graphite is 
slowly dissolved by a mixture of strong nitnc 
and Bulphunc acids at 300°C., and by 50% 
caustic potash solution at 350®C. 

Certam natural and synthetic graphites when 
heated after moistening with nitric acid show 
a charactenstic suelling. It has been proposed 
to restrict the term graphiUs to such samples, 
designating as graphihlti those which do not 
snell under like conditions, but it is probable 
that the difference noted is merely duo to 
difference in crystaUme form. 

The ignition temperature of graphite in oxygen 
IS 650®-700®C, intermediate between that of 
diamond {800°-875®C.), and amorphous carbon 
(300“-500®C ). The specific heat of graphite m 
g -cals, per g. is 0 152 at 0®C., 0*182 at 40®C., 
0 210 at 80®C.. and 0 241 at 130®C. ; that of 
diamond isO 104 at 0®C..O 138 at 40®C.,0 188 at 
100*0. and 0 269 at 200*C. (“ Int. Cnt. Tables,” 
V, p. 94). 

The manufacture of artificial graphite has 
been carried on since 1899 by the Acbeson 
Graphite Company at Niagara Falls. Acbeson 
had previously developed the manufacture of 
carborundum (silicon carbide) by heating coke 
and sand m an electric resistance furnace to a 
temperature of about 2,000*0. ; on beating the 
product to a still higher temperature he found 
that the carbide decomposed and the eilicon 
volatilised away leavmg carbon in the form of 
^ibite. lie then developed a process in which 
on was heated in association with one or 
, ore oxides to a temperature high enough to 
cause a chemical reaction between the con- 
stituents and then continued heatmg until the 
combined carbon separated in the form of 
graphite, such elements os iron, alummium.and 
sibcon being removed by volatilisation. Subse- 
quently it was found that anthracite coal could 
be used, the necessary metalLc constituent bemg 
supplied by the ash present m the coal. Smee 
much less than the theoretical amount of metal 
to form carbide with the carbon is necessary, it 
is supposed that the action is catalytic. In an 
important apphcation of Acheson's discovery 
carbons for battenes, electrodes, arc lights, etc , 
arc graphitised in order to mcrease their electncal 
conductiiity. Thus petroleum coke may be 
moulded in admixture with tar or molasses, and 
silica or iron oxide ; the baked product ta then 
graphitised in the electric furnace. For nse in 
the lubrication of machinery the finest material 
free from hard particles is used. For this pur- 
pose it is conveniently employed in the form of 
colloidal graphite, known commercially as 
Aqvadag and Oildag, which consist of de 


flocculated Acheson graphite suspended m 
tannin and water or oU. 

H. N. Kay (Oil and Colour Trades J. 1928, 
73, 662) gives a survey of the varieties of 
graphite, their properties and uses. 

Wood Charcoal is an impure form of carbon 
which IS obtamed when wood is burnt in a 
limited supply of air or when it is carbonised m 
closed vessels. It is a brittle, porous, black sobd 
which retams the structure of the wood from 
which it 18 made and has a conchoidal fractnre. 
Its true specific gravity varies from 1*3 to 1 9, 
Its apparent specific gravity from 0 2 to 0 5 
The heat of combustion is about 8,000 g cal 
It has remarkable properties for decolorising 
certau liquids and for adsorbing gases (ire 
p. 31S) On heating with an excess of strong 
sulphuric acid at 280®-300*C. charcoal yields 
nullttie aetd (benzene hexa carboxylic acid) and 
the anhydride of pyromeUiric acid (benzene tetra- 
carboxylic acid). Charcoal is more resistant 
than wood to influences responsible for the 
decay of timber and for this reason piles and 
stakes are often charred superficially before 
being driven into the ground. 

The process of “ coaling wood ” has been 
earned on since very early times for the pro 
dnction of charcoal and its important by- 
products, the charcoal itself being used chiefly 
as a fuel and for bUst*fumace work. The most 
primitive method invohes the construction of 
large circular stacks of wood (the German 
il(tler) i in the eighteenth century " Heiler " 
ovens were introduced and later bnek kilns, 
and then iron retorts were used. Important 
W-products of wood carbonisation are wood tar, 
(Stockholm tar is made from pine wood), wood 
epint containing methyl alcohol and pyro- 
ligneous acid, impure acetic acid. In spits 
of the recent synthetic production of methyl 
alcohol and acetio acid it has been found 
possible to operate profitably wood carbonisation 
with by product recovery where n supply of 
wood at a sufficiently low cost is avsilsble. 
Frequently the by-products of wood distillation 
are of greater importance than the charcoal itself 
Where it is intended to recover by-producU 
deciduous w ood la preferred, since it gives hgh 
yields o* acetic acid and methyl alcohri; 
Metier charcoal, however, is chiefly 
from coniferous wood by a process of control^ 
burning which does not permit of adequate by- 
product recoveiy. 

There are three well marked phases m the 
destructive disliliation of wood. First, as the 
temperature rises to 170*0. the distillation ot 
water occurs, then, at temperatures up to 270^- 
there occurs a preliminary decomposition result- 
ing m the liberation of water, carbon 
and carbon monoxide, and finally, at still highef 
temperatares, a vigorous exothermic reaction 
sets in, tar distils off, and carbonisation pro* 
ceeda. A temperature of at least 3_50°C. 
be reached if an odourless product 
At 400*0. retort charcoal in a yield of about 30% 
by weight is obtained, having an approxi^ * 
composition of C.H.O, and may contain aWo 
1% of ash. .Veiier charcoal is produced at aboo 

600*C. and has a formula approximating to 

Ci,HjO ; since it has greater strength and » 



CARBON. 


311 


lower content of volatile matter it is more suit- 
able for blast-furnace work. Such charcoals 
must be regarded as highly reactive forms of 
carbon ; thus when used as a fuel wood charcoal 
is noticeably more combustible than a reactive 
low-temperature coke. Even at ordinary tem- 
peratures retort charcoal shows a definite 
adsorption of oxygen from the air and this 
reactivity increases rapidly with a rise of tem- 
perature. It will be evident, therefore, that in 
preparing such material the charge must be well 
cooled before free access of air is permitted. 
It is possible that the initial adsorption of 
oxygen by charcoal results in the formation of 
a substance having the nature of a peroxide. 

In constructing the Meiler the wood was 
formerly stacked in a horizontal position, but 
it is now usually arranged vertically. The 
dried wood is stacked in the form of a circular 
mound having an open shaft in the centre to act 
ns a chimney ; the whole is covered with earth 
and small air inlets are made round the peri- 
phery. The average size of the Meiler used in 
Germany, Italy, and Sweden is about 200 
cu. yds. A fire is lighted in the central air 
shaft and the air supply is adjusted to ensure 
slow combustion. In the earlier stages wood is 
fed on repeatedly and when the upper part of 
the wood is thoroughly dry, the exothermic 
reaction sets in, distillation begins, and the sides 
of the stack “ sweat.” In the next stage the 
draught holes are stopped to allow carbonisation 
to proceed in the presence of less air, and 
subsequently they are opened again. When the 
gases rising from the stack arc no longer smoky, 
but clear and blue, carbonisation is completed, 
a process which may last 14-20 days ; the 
stack is then cautiously quenched. The yield 
of charcoal is about 26% by weight or 60% 
by volume of the wood used. 

Charcoal kilns, formerly much used in North 
America, are operated in a similar way to the 
Meiler. They are brickwork chambers of beehive 
or rectangular shape and have a capacity of 
250-400 cu. yds. Wood is fed in at the 
top, where the charge is then fired, draught being 
controlled bj' holes round the base which may 
be closed with bricks. When true carbonisation 
sets in tbe products which distil off may be led 
nwa5' to condensers. There are 20 or more such 
kilns in a battery. Where forced draught fans 
are used the time of carbonisation may be 
reduced from 3 to 2 weeks. In such ovens as 
the Schwartz a .system of external firing is used ; 
wood is charged and charcoal is later discharged 
through doors in the side of a brickwork oven 
in the base of which is a fireplace, the burning 
gases from which pass into the charge of wood. 
The volatile products maj* be utilised for the 
partial recovery of by-produets. 

Where tho process of wood carbonisation is 
operated for full by-product recovery, methods 
arc used similar to those employed in the coal 
carbonising industries. In Sweden and Finland 
tube ovens are employed in which the products 
of combustion from the furnaces pass through 
tubes which arc surrounded by the wood to be 
carbonised, but the plant most commonly used 
in .■\mcrica, Germany, France, Belgium, and 
Austria is a small horizontal iron retort about 


3 ft. wide and 10 ft. long. The volatile products 
are passed through condensers to recover by- 
products and the gas leaving the condensers is 
used for heating the retort. Pairs of such retorts 
are arranged on either side of the furnace, and 
an installation may consist of 30-120 of such 
retorts. Stationary or movable vertical retorts 
are also used. 

In order to reduce the cost of operating such 
retorts the Carho oven has been introduced in 
Sweden. This is a large, vertical, iron cylinder 
having a capacity of about 600 cu. yds., the base 
of which is constructed of brickwork ; from the 
furnace at one side the heating gases pass round 
the outside of the retort and away to a chimney. 
Charging lids are fitted in the top and a dis- 
charging door at the bottom. For the purpose 
of minimising the labour of charging and dis- 
charging continuously-operating plants have 
been built, thus, in the American car retort, wood 
is loaded on to a waggon which is then run into 
a retort capable of holding 4-5 such waggons. 
When carbonisation is complete the charge is 
withdrawn and a fresh one introduced. 

In certain countries where a plentiful supply 
of wood is available attempts are being made to 
utilise wood charcoal for driving motor cars. 
For this purpose it is burnt to producer gas in 
built-in producers. Rennie (Trans. Inst. Eng., 
Australia, 1930, 2, 101) has shown that 16 lb. 
of charcoal are equivalent to 1 gallon of petrol. 

Animal Charcoal, or Bone Char, is manu- 
factured by the carbonisation of bones in closed 
horizontal or vertical iron retorts. The crushed 
bones are treated with superheated steam or 
extracted with naphtha to remove fat and oil 
and are then placed in the retorts where they 
are carbonised at a red-heat, the by-products, 
bone oil, ammonia, and gas, being treated by 
methods similar to those used in gas works 
practice. The product, the yield of which is 
about 60% of the weight of the bones, is cooled 
in air-tight containers, crushed, and screened to 
the desired sizes. It should contain from 9 to 
11% of carbon, the residue being tri-calcium 
phosphate (about 75%), calcium carbonate, 
magnesium phosphate, and other mineral and 
nitrogenous matter. The carbonaceous material 
may bo concentrated by digestion with hydro- 
chloric acid to dissolve out mineral matter, 
yielding a residue known as /rory Black, which 
is used ns a pigment or for the purification of 
fine chemicals or wines when the use of ordinary 
bone black is inadmissible. The most important 
industrial application of animal charcoal is for 
the refining and decolorisation of sugar, a 
practice which was introduced by Derosne in 
1812 (see Charcoal, active, p. 315). Horton 
(Ind. Eng. Chera. 1923, 15, 619) suggests that 
bone char owes its power of removing colour 
to the presence of active carbon and that the 
nitrogenous organic matter present serves as a 
reserve to supply fresh carbon on ignition. In 
practice it is customary when the adsorptive 
capacity shows an appreciable decrease to sub- 
mit the charcoal to a process of regeneration, 
usually heating to redness, so that it is possible 
to use it for ns long as 2 years, after which it is 
used ns a pigment or a fertiliser. Results of 
comparative studies of bone char and the newer 
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carbons are described in tlie Annual Reports monopoly, the chief importers being the Vmlrf 
of the Societj of Chemical Indiisto (1924, 9 , Kingdom, France, Germany, and Canada 
463 ; 1925. tO, 469 ; 1927, 12. 503). It is customary before bummg the gas for the 

Lampblack or Soot is prepared by burning production of black to treat it for the recorrrr 
oil, tar or resm in a hmited supply of air. of gasoline. Of the black made m Amencs SCL 
It bos been manufactured for very many jears 90% is produced by the channel process, irhici, 
in Egypt and China, being valued for its intense whilst admittedly extravagant in respect 
black colour. A special vanet}’ of lampblack of the amount of gas used, gives a prodoct 
known as carbon black (see M<w) la formed superior to that produced by other processes, 
when gas burning m msufceient air impinges on The plant is housed in long, low buddings from 
a metal or stone plate, there being a striking 100 to 150 ft. long, 10 ft. wide, and 9-10 ft. 
improvement in colour and tinctorial strength h^h. A factory may consist of from 20 to 70 
Both of these products consist essentially of of such hot houses. Inside each house is a lenei 
car^n and the difference m their nature is not of iron channels 6-8 ft. wide, about 100 ft.bne, 
clearly understood , for industrial purposes and about 6 ft. from the ground ; these chinneli 
their value is assessed by empincal tests. move slowly backwards and forwards whilst ths 

Early methods of making lampblack were dames of the burning gas impinge on them from 
extraordinarily crude Heated resin was igmted a row of burners below. The deposited black 
and the products led into tents lined with is removed mechanically by means of iron 
sheepskin, from which the deposited blaek was scrapers and falls into hoppers below, from which 
collected penodieallj Later improved methods it passes into spiral conveyors. The channels 
were developed in winch smoke generated m a are suspended from trucks running backwards 
furnace was passed into a tower with a conical and forwards on overhead rails. Slide doors in 
roof, through the top of w hich the waste gases the bottom of the house permit control of the air 
escaped. admitted for combustion and ventilators m ths 

In modem procedure tar oils, particularly roof faeihtate draught control and escape of 
creosote oil or petroleum oils, are burnt m a the waste products of combustion. The col 
bnck or stone furnace. Air is admitted in care- lected black is carefully screened to remove gnt 
fully regulated amounts and the oil is vaporised and coarse material before packing. The aTeriM 
by feeding it on to heated plates. From the yield by this process is 1 lb. per 1,000 cu. ft 
furnace the smoko is passed into a senes of of gas, tbe product being ve^ glossy and of 
chambersin which baffles are built. Fenodically intense colour. 

the chambers are allowed to cool down so that In another process gas is burnt In a series of 
the product may be removed, care being seeded soap stone burners and tbe frame impinges on a 
as the lampblack is pyTophoric. am^ rotating iron disc of about 3 ft diameter. 

Lampblack has for long been the basis of ink Carbon is scraped off continuously and falls into 

f ngments, but for printing inks it has bees a hopMr below. 

argely displaced by carbon black. Both pro- Neal and Perrott (U.S. Bureau of Jlincs, Bull, 
ducts are used for black paint pigments. 1922, p.]92 i J.S C.1. 1922, 41, 770A) survey ths 

Thermatomlc BlacK is obtained by the manufacture, properties and uses of carbon 
thermal decomposition of hydrocarbons. A. W. black, giving analyses of blacks of proprietary 
I’raneis (Ind. Eng. Chem. 1931, 23, 612) states makes and n bibliography of patent and techmral 
that yields as high as 39-40% niav be obtained, Jiteraturo. Bawaon and Hartshorn (Trans Init 
hut that the product is inferior m tinctonal Rubber Ind 1030, 5, 4B) have made a chemiol, 
^ power and unfit for use as printers’ ink. )t finds physical, and mechanical examination of lamp. 
I limited use in rubber compoundmg, chiefly in the black, carbon black, and acetylene black (made 
side walls of tyTes. by the explosive combustion of purified acety- 

Carbon Black, orGasBlack.wasfirstused Jene in dosed chambers). As shown below, 
chiefly in place of lampblack for printing inks, lampblack is the least pure form of carbon : 
but when, dunng the Great War, difflculbes were 
e.Tperienced in the United States m obtaining 

zinc oxide os a filler for rubber, it was found by Acetylene black . . 1'89 

the B. F. Goodrich Co. that carbon black had Gas black 1'77 

valuable qualities for improving the mechanicnl Lampblack . . . 1’78 fll4-ncl 

properties of rubber. It may bo noted that this 

property had already been revealed in English Gas Wick has a particle size of 0 1-0 2(i. lamp- 
patents The Amencan industry developed so black is coarser and Las infinor remforrmft 
rapidly that, according to statistics issued by the qualities. Drogm (India rubber J , 1935,90,259) 
U.S. Bureau of Nines, the production in 1935 describes methods for m-inufacturing rarbnn 
amounted to 352.749,000 lb. The Panhandle blnck. The natural gas should preferablv W 
district of North Texas was respoiuiblc for 75% low m nitrogen content and relatively free f^™ 
ofthUproduetion,and90%ofitwa8Usedforthe hydrogen sulphide. Gasoline recovery i’ «'• 
reinforcement of rubber. It is estimated that sirable for econoinic reasons and for the pro- 
this production of black involved the burning of duction of a more uniform ga» In the channfl 
229x 10’ cu.ft.of naturalpas. The consumption process the construction of the rperivl f» 
of natural gas for this purpose is bmit^ to burner tips has an important influence on (nf 
locations where it cannot be disposed of mote quahty and yield of black. , . 

profitably a* a fuel. Owing to the low cost of There is some production of carbon hla« * 
production and the high quality of the product. Russia and production was started in 
the industry l>ecanic virtually nn Amrncnn by the .lapan Petroleum Co. m 19-’*' 
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Belgium “ carbonnlpiia ” is made from carbon 
monoxide, which is decomposed catalytically to 
carbon and carbon dioxide (Chem. Trade J. 
1936, 99, 153). Strenuous efforts in Germany 
have resulted in commercial production of a 
black equal in quality to the American product, 
but considerably higher in price. In B.P. 
450876 of 1935 the I.G. Farbenindustrie A.-G. 
protects the production of carbon black by the 
catalytic dehydrogenation of hydrocarbons such 
ns benzene and naphthalene. Dittrich (Brenn- 
stoff-Chem. 1935, 16, 121) surve 3 ’s the pro- 
duction, properties, and testing of various blacks 
with particular reference to German develop- 
ment work ; ho Includes a bibliography. Re- 
views of more important recent developments 
in the manufacture of carbon black and of 
studies of its use as a compounding ingredient 
for reinforcing rubber will bo found in recent 
issues of the Annual Reports of the Society of 
Chemical Industry.” 

It is customary to compress carbon black 
before sale so that 22-24 lb. are contained in a 
cubic foot instead of 10-13 lb. in the uncom- 
pressed state. To reduce the dustiness of the 
product it may be prepared in a special granular 
form. 

Amounts up to 40% are added to rubber for 
mechanical reinforcement. Whereas the tensile 
strength of a rubber-sulphur mixture is 1,150 lb., 
the addition of 35% of black increases it to 
4,000 lb. 

Recent work has led to the introduction of 
black of higher colour intensity which is finding 
wider applications in paint.s, plastics, and films. 
The production of these improved produets 
involves the use of special burning conditions, 
and ns the yield is much lower the products aro 
more expensive, but at the same time the dura- 
bility of the paint film is favoiirablj' affected. 
The following British Standard Specifications 
have been issued for varieties of carbon used 
as paints : 

1927 284 Carbon black. 

„ 285 Bone black. 

., 286 Vegetable black. 

„ 287 Lampblack. 

,, 288 Mineral black. 

Revisions are in course of preparation. 

The carbon electrode was first cmploj-cd by 
Sir Humphry Davj’’, who used two rods of 
carbonised wood to produce an electric arc. 
Later, in 1844, Foucault used for the saiuo pur- 
pose rods sawn from retort carbon, the dense 
carbonaceous mass which graduallj' accumu- 
lates in coal gas retorts. Staito and Edwards 
in 1846 patented tiio use of sugar as a binding 
agent for coke, the moulded mixture being 
cemented togetlicr bj' baking, and this is in 
essence the principle which is now emplo 3 'cd for 
manufacturing purpose.o. The process acquired 
technical importance for the manufacture of 
carbons for arc-lighting, and later of electrodes 
for electric furnaces, and for the preparation of 
aluminium, magnesium, caustic and alkali, 
chlorine, etc., ns well as of calcium carbide, 
graphite, carborundum, carbon disulphide, c 3 -ana- 
mide, etc. Jlantclli" Industrial Carbon.” Chap- 
man .tr Hall, Ltd., London. 1928) gives the (oini 


annual value of furnace electrodes in America at 
over 810,000,000, next in importance being 
Germany, the United Kingdom, and France ; he 
describes an electrode made b 3 ' the National 
Carbon Co. of America which was 9 ft. long, 
40 in. in diameter, and weighed 8,000 Ib. 

As has been indicated above, the essential 
principle of electrode manufacture is admixture 
of the basic material with the binding agent, 
moulding, and baking. The basic material is 
usuaDy either coal or coke. Bituminous coal is 
little used owing to its high content of volatile 
matter and ash, but anthracite is used ex- 
tensively. Gas coke may be used where con- 
tamination of the product is unimportant, c.g. 
in the production of calcium carbide, but for the 
purest carbons it is customary to use petroleum 
coke or pitch coke. The former product is 
obtained in the intermittent process of petroleum 
distillation, the latter by the carbonisation of 
pitch. Retort carbon is used more particularly 
for making carbon brushes. The binding 
materials most frequently used now are coal 
tar, water gas tar, and pitch. Tars are largely 
used in making moulded electrodes, whereas 
pitch is used in the extrusion process. Before 
mixing in the binder it is necessary to calcine 
the basic material to expel volatile matter, 
which is effected by heating in an electric furnace 
or a gas-heated oven of the continuous vertical 
retort type. The product is submitted to a 
process of grinding to produce a suitably graded 
material, which is then mixed with the necessary' 
quantity of binder. The electrode is shaped, 
either by high compression in a mould or by 
forcing the mixture imder hydraulic pressure 
through a die — the so-called e.xtrusion process. 
The product is then baked to a temperature of 
about 1,000°C. to decompose the binding 
material and finally the article is cleaned and 
tested to determine the electrical resistance. 

Gmphite electrodes aro prepared by' sub- 
mitting ordinary electrodes to the Acheson 
graphitisation process in an electric furnace. 
As their electrical resistance is about one-fourth 
that of ordinary electrodes, they are used in 
processes where low resistance is essential, for 
example, in the electrolytic production of 
chlorine and caustic soda. Carbon brushes and 
arc-light carbons are made by methods es- 
sentially' the same as that employed for elec- 
trodes. In the Soderberg continuous system the 
electrode is prepared in the furnace in which it 
is subsequently used by forcing into the upper 
part of the furnace an unbaked mixture of carbon 
and tar. Baking of the electrode occurs as it 
passes down into the furnace. R. C. 

GRAPHITE. 

A form of carbon crystallised in the rhom- 
bohcdral system, known also as ■plumbago, and 
popularly as hlacJc-lead. It occurs usually ns 
compact and ciy'stallinc masses, but occasionally 
as six-sided tabular or scaly crystals which 
cleave into flexible laminaj parallel to the basal 
plane. It is iron-black or steel-grey in colour, 
with metallic lustre, and has a sp.gr. of 2-25. 
In consequence of its softness {H.= l) and the 
ease with which it produces a black streak 
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nben rubbwl on paper, it is largely used in the 
manufacture of pencils whence the name 
“ graphite ” given to it by Wemer, from ypd^ 
(I write). It was formerly called molyUxiia, 
and confused with molybdenite (MoSf), a 
mineral which also gives a black mark on 
paper. {On the history of these names, and 
of plumbago, v. J. W. Evans, Trans. Philological 
Soc. 1908, 133.) Graphite seems to have been 
first recognised as a distinct mineral by Gessner, 
who figured a lead pencil in 1565 (Roscoe) 
Scheele in 1779 showed that graphite was a 
kind of mineral carbon, since it could be con 
verted into carbon diovide by the action of 
nitric acid As the carbon is usually associated 
with more or less iron, the older mineralogists 
described the mineral as a “ carburet of iron,” 
but Vanuxem demonstrated that the iron is 
present as feme oxide and not as a carbide 
The ash teft on the combustion of graphite 
usually contains, m addition to the feme oxide, 
silica, alumina, and lime 

Exposed on platinum foil to the flame of the 
blowpipe, graphite burns, but often with more 
difficulty than diamond. When heated with a 
mixture of potassium dichroroate and sulphuric 
acid, it disappears. In order to obtain per- 
fectly pure graphite, the mineral is first ground 
and washed to remove earthv matter, and then 
treated, according to Crodie’a cueChod, with 
potassiuni chlorate and sulphuric acid : on aub 
jeeting the resulting product to a red beat pure 
carbon u obtained lo a remarkably fine etate of 
division. 

The following analyses are selected from a 
Urge number by C. SRne {Compt. rend. 1867, 
64, 1091) ! 


— 

1 

II. 

III. 

IV 

Carbon 
Volatile mat- 

91 55 

81 OS 

7940 

78 48 

ters 

1 10 

7 30 

510 

1-82 

Ash . . . 

7 35 

11-62 

IS 50 

19 70 


100 00 

100 00 

100 00 

100 00 
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I. Verj' fine Cumberland graphite. II. Gra- 
phite from Passau, Havana. III. Cryatalhsed 
graphite from Cejion. IV. Graphite from 
Buckingham, Quebec. 

Graphite when used for pencils is frequently 
mixed, in a powdered state, with pure clay, and 
the mixture consohdated by hydraulic pressure. 
It IS also Bumetlmes mued with sulphur or 
with antimony sulphide. The finest pencil lead 
was yielded by the ancient mine at Borrowdale 
in Cumberland, where it occurred in pipes, 
strings and irregular masses or ** sops,*’ 
associated with a dyke of diorito and with 
intrusive masses of diabase, in the Cambro- 
Silurian volcanic senes known as *' the green 
slates and porphjncs.” The Cumberland gra- 
phite was forracrh termed ” wad,” a name some- 
times applied also to native oxide of manganese. 
(Fordeoenption of the old Borrowdale worLmgs 
t. J. C. Ward in Mem. Ceol. Survey on Lake 


District, 1876.) A small amount of graphite hu 
been obtained from the Craigman mme, ceai 
Cumnock m Ayrshire ; here the mineral usually 
exhibits a columnar structure, and has bees 
produced by the baking action of dykes of 
Igneous rock on seams of coal (t. Special Reports 
on the Mineral Resources of Great BnUm, 
Uem. Geol Survey, vol. v, 2nd ed., 1917). 

Excellent graphite is found in Sihena, espe 
cially at the Maninoskoi mine, in the Tunkinslt 
Mountains, Irkutsk. This deposit, discovered 
in 1838, occurs in gneiss, associated with dionte ; 
it has been largely worked by M. Albert to 
supply Faber's pencil factory. In 1860 graphite 
was discovered in granite near the lover 
Tungusska river, and workings were undertaken 
by M Siderov. (For Russian graphite v N 
Koksharov, Materialien z. Mineralogie Russ- 
lands, 1862, 4. 153, where analyses are given) 

The Cicst quahty of flake graphite found m 
large quantities is that from Ceylon The 
mineral is widely distributed through the western 
and north western pruvmces of the island, and 
IS obtained from a large number of small pits, 
there being but few mines of any size. The 
output IS variable — 10,000-30,000 tons per 
annum , m 1916 it was 33,400 tons, valued st 
£1,500,000. (On the graphite deposits cf 
Ce}lon,f A K Coomara Swimy, Mineralogicsl 
Survey of Ceylon, 1003, etc ; Quart J, Geol 
Soc 1900,56,590.) In India, graphite is found 
at several localities, chiefly in the Madras 
Presidency, the best coming from Travancort, 
but even this is inferior to that from Ceylon. 

In the United States, grnphite is widely 
distributed, but rarely in sufficient quantity to 
be worked The principal locality is Tieoa 
deroga, m Essex Co , New York, where the 
Dixon Crucible Co. have worked a achist con 
tainingsbout 10% of graphite. It has al'o been 
worked to a limited extent near Raleigh, North 
Carolina ; at Stourbridge, Mass. ; at Cumber 
land Hill in Rhode Island ; and at Sonora in Cau 
forma. The graphite ” ores ” are crushed or 
stamped, and then washed, whereby the flakes 
of graphite are readily separated from the denser 
matrix. In the Laurentian gheiss of Canada, 
graphite is ol Srequent occurrence, wtii '*■ 
worked at some places, as at the Buckingham 
mines, Ottawa Co., Quebec. The mineral « 
usually found m veins and nodular masses, or 
finely disseminated through bands of limestone 
It IS Widely distributed m the gne.ssic rocks of 
bladagascar, and is there mineil at a number of 
localities, with an output of 10,000-30,000 toM 
per annum. Graphite is abo extensively minw 
at several places in Korea, where the deposits 
have the form of beds, nests, stocks, and veins 
in gneiss and metamorphosed Paliozoic (fdi 
ments. 

In Europe, extensive deposits of grapoihc 
schists occur in the Eastern Alps and m tne 
mountainous region (Bohmcrwald) between 
Bohemia and Bavaria. These are extensivey 
mined in Bohemia, Moravia, Lower A**’*^’ 
and Styria, where the annual output has renen 

50,000 tons ; but the material is amorphous sM 

of inferior quality, containing often 50% o[**. 
Considerable amounts are also obtained at 
well known locality at Passau in Bavana s 



CARBON. 


315 


in the north of Italy. (On Alpine Occurrences 
of Graphite v. E. Weinschenk, Abhandl. bayer. 
Akad. Wiss. 1898, 19, 509, 521 ; 1901, 21, 
279.) 

Daubree obtained graphite artificially by 
decomposing carbon disulphide in contact with 
metallic iron at a high temperature ; while 
H. Sainte-Claire Deville prepared it by passing 
carbon tetrachloride vapour over fused cast 
iron. Crystalline graphite is often formed in 
blast-furnace slag during iron smelting, and is 
known to workmen as Jdsli ; and it is pre- 
sent in grey pig iron. Considerable quantities 
of graphite are now produced commercially, 
together with carborundum, in the electric 
furnace (see p. 310). The artificial production 
of graphite (as well as various properties of the 
natural mineral) is dealt with hy H. Moissan 
(“The Electric Furnace,” London, 1904). 
Graphite also occurs in certain meteoric irons, 
such as that of Toluca in Mexico. A cubic form 
of graphite carbon, discovered in a meteoric iron 
from Youndegin, Western Australia, has been 
described by Fletcher under the name of 
CUJtonite (Min. Mag. 1887, 7, 121). 

In consequence of its refractory character, 
graphite is largely used in the manufacture of 
crucibles, retorts, hvyers, and other ohjects re- 
quired to withstand high temperatures. For 
crucibles, the powdered mineral is mixed with 
Stourbridge fireclay, and made into a paste 
with water ; the kneaded mass is allowed to lie 
for many weeks before the crucible is moulded ; 
the vessel when moulded is slowly dried, and 
carefully fired in a saggar. 

As a lubricating agent graphite is highly 
valued, since it diminishes friction and tends to 
keep the moving surfaces cool. To obtain the 
best results the powdered mineral should be 
carefully selected and sized. For steam cylin- 
ders it is used dry ; for heav^ hearings it is 
mixed with grease ; and for fight bearings with 
oil. Made into a paint with linseed oil, it has 
been advantageously employed as a coating for 
metal work. Graphite is also used dry for 
polishing stoves and other objects of cast iron, 
the thin flakes forming a lustrous coating which 
protects the metal. Blasting powder and heavy 
ordnance powders are likewise glazed with 
graphite, for though it slightly diminishes the 
explosive force of the powder it protects it from 
damp. Being a good conductor of electricity, 
graphite is used in electrotyping, as originally 
suggested by Murray ; the moulds upon which 
the metal is to be deposited receiving a conduct- 
ing surface by being coated with finely divided 
graphite. 

For the method of rapidly analysing graphite 
in use at the Pittsburgh Laboratory of the 
U.S. Bureau of Mines, see U.S. Bur. Slines, Bull. 
1920, 112, 43 ; J.S.C.I. 1921, 40, 79, A. 

E. Donath, “Der Graphit, cine chcmisch- 
technische Monographic,” Leipzig and Wien, 
1904 ; Graphite, Imp. Jlineral Resources 
Bureau, London, 1923 ; II. S. Spence, Graphite, 
Dept, of Mines, Ottawa, 1920, Publ. No, 511 ; 
A. Hncnig, •• Der Graphit, eino tcchnische Mono- 
graphic,” Wien and Leipzig, 1910 ; 0. Stutzer, 
“ Die wichtigsten Lagerstiit ten der ‘ Nich t-Erze,’ ” 
2nd ed., vol. 5, Berlin, 1933. L. J. S. 


CHARCOAL, ACTIVE. 

The name active charcoal, or active carbon which 
is often used, is applied to a heterogeneous group 
of products consisting essentially of amorphous 
carbon with varying amounts of ash and possess- 
ing in an enhanced degree the adsorbent 
properties of wood and animal charcoals {q.v.). 
These products were unknown before the War 
and owe their existence mainly to the efforts 
then made to produce an efficient adsorbent 
for toxic gases at a sufficiently low coat. A 
few special decolourising carbons, however, were 
marketed prior to 1914. Consequent on war- 
time experience- many new uses have been 
found for active charcoal and at the present 
time it is a material of considerable industrial 
importance and the subject of numerous patents. 

Various industrial carbons are now on the 
market under different trade names. These are 
either in the form of extruded pellets or of 
granules or fine powders. They may con- 
veniently be divided into two types: (1) the gas- 
activated type, (2) the chemically activated 
type. The two types differ in the general form 
of the adsorption isothermal, t.e. in the particular 
way in which activity varies with sorhate 
concentration or partial pressure. Gas-activated 
charcoals are particularly efficient at low- 
pressures while chemically activated charcoals, 
in general, are not so efficient. Care must be 
taken to select the right type of charcoal for 
the operation in view. 

Manufacture. — Any carbonaceous material 
which yields a coke on being heated or otherwise 
carbonised, e.g, wood, coal, nutshell, peat, sugar, 
can be used as source of active charcoal, but the 
raw materials most commonly employed in its 
manufacture are peat, wood, and coal (0. Kausch, 
“ Die aktive Kohle,” 1928, Erganz-Band, 1932, 
Wilhelm Knapp, Halle, a.S.). The procedure 
varies considerably according to the process 
adopted, but it involves at some stage or other 

(а) the production of porous, amorphous carbon, 

(б) the activation or surface cleaning of this 
carbon. Manufacturing processes fall under 
three headings ; (1) direct processes, (2) briquet- 
ting processes, (3) chemical processes. It 
should be noted that direct processes as used 
during the War have now been to some extent 
overshadowed by chemical and briquetting pro- 
cesses, but a description of them is included since 
they might assume a greater importance if and 
when occasion arises. 

(1) Direct Processes . — Two separate operations 
ore involved : (i) the carbonisation of the raw 
materials in carbonising plant, (ii) the activation 
of the resulting charcoal in similar or special 
plant. In this country the raw materials 
(birchwood chips, nutshell, or vegetable ivory) 
were carbonised for 2-6 hours at 1,000'’C. in 
horizontal or inclined gas retorts and the 
resulting charcoal extracted and quenched. 
It was then crushed and screened to J-in. 
particles, charged into a second retort, and 
either (a) heated in the closed retort for 10-20 
hours at 1,000°C. in presence of steam and air 
or (6) heated in a current of steam for 3-10 hours 
at 1,000°C. Moderately active charcoals were 
obtained in yields of 10—14% of the raw material 
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Ubed. In America, fruit atonea, nuUlielt or ineffective below 800°C. and is cotnmorJr 
anthracite coal were used and the procedure employed at temperatures between 850“ sad 
differed somewhat in the activation stage OSff’C. Air is effective at temperatures as lot 
(Dorsey, Ind. Eng. Chem. 1919. 11, 281 ; Lamb, as 350°C , but since the reaction is esothemt 
Wilson, and Chaney, ifiid. 420). Two methods control is more difficult and m additioo tls 
of activation were used In the first method products are more friable than those chtautij 
the crushed, nnactivatcd material was passed with steam. Air is now rarely used doiif 
continuously through a special vertical acti* Mixtures of steam and air and of steam ud 
vating chamber. This consisted of a 7 m. carbon dioxide are mentioned in the lilen 
mchrome reaction tube surrounded by an ture. Accordmg to B.P. 357778, 1930, tit 
outer retort m which gas was burnt, and Imving addition of 6% of oxygen to steam reduces thi 
a perforated mchrome steam tu^ along its activation temperature to SOO’-COO'C. which s 
centre line The charcoal was heated to BflCP— mamtained by the heat of reaction, bulphit 
l.OOO'C. by the combustion of gas in the outer lapour is mentioned as an activator m 
retort, while superheated steam was admitted 224521, 1924 ; 270505, 1926. 
to the heated central column. In the second (2) BnqvtUingPToetsses . — Few raw materuli 
method (“ Static ” activation) the crushed, have the necessary ilensitj* and structure fo 
larbonised material was packed into shallow, direct conversion into active charcoal. Gencrtllj 
refractory trays arranged m banks on a steel the products are fnable and the yields low. ii 
truck which was wheeled mto an mlernally mentioned above only one class of coal is tml- 
gas.fircd kiln, This was then sealed and the able for use in the direct process. The en 
charcoal heated to 850“C. for 4 hours, water ployment of briquetting in manufacture greitlj 
being continuously admitted at a cool part of widens the choice of raw materials and at Iti 
the kiln. A higher yield and more uniform same time increases the yield and hardness o( 
product was obtamed by this method. the products obtamed therefrom. The m 

Decently the direct method of manufacturing matenals may be briquetted under pressun 
active charcoal from coal in gas-making plant and then carbomsed and activated ; moreofwn 
has been re investigated (Commumcatioa from they are first carbonised and finely ground »/tff 
the Fuel Research Station, JBCI. 1936, 55, which they are agglomerated with a bmderiucl 
S23T). According to this commumcation it is aa tar, pitch, petroleum oils, etc., subdividei 
essential (a) to use a non-swelling coal, (b) to recarbonised, and finally activated. Difreftcl 
carbonise at temperatures between 450* and raw materials or cokes may be blended by tb 
500*C., and (e) to activate with steam at doO*C. method. Bituminous and anthracitic coik 
The coal is crushed and screened to 1-| in carbon black, petroleum coke, etc, nsy h 
pieces which yield a coke of suitable eize for converted by this method into satisfactorr 
activation. Unless low temperature retorts charcoals with yields up to 25% of the nj 
are avsiJabla special arrangements require to materia) taken (U.S. Bur. Alines, Bulk Tea 
be made to keep the carbonisation temj^rature Papers No. 479, 1930). 
at the desired level. Activation is carried out The well known product A’oril is a swsn 
in continuous vertical retorts one of which may activated, briquetted charcoal (B.P. 19M.’> 
bo made to serve aa a superheater for the steam, and 20CS62, 1923 ; 228054 and 247241, ISA)- 
The most active product IS obtained by steammg Beechwood charcoal is pulverised and low 
the coke at 950*C. until 75% of it has been porated with an equal weight of wood tsi^ 
gasified, which requires 20(W00% of steam. 1% NaOH, the mixture then being comprtssrf 
With a suitable coal highly active products can under high pressure into pellets. Thw* *** 
be obtained m yields of about 12J% of the lump packed into wire shelves on a truck whicli * 
coal taken. wheeled into a kiln heated by waste 

The importance ol a low carhonisation tem- 100"C. After a suffieienl time the hawMi 
perature m the case of coals was first pointed pellets ^re withdrawn and blown into ^ 
out by Lamb, Wilson and Chaney (Ic.) and elevated hopper from which they pass 
Chaney has sinco placed this temperature at rotary kilns in series, the upper one at 
60O°C. (U S P. 1499908). It appeare that at high and the lower one at 550“C. The lower _ 
temperatures the carbon is graphiitscd and does mtemally fired, the waste gases serving to ^ 
not then readily react with steam. Probably the upper one. The carbomsed 
for this reason high temperature gas cokes from the lower kiln into a third rotary *“1^^ 
cannot bo activated to any useful extent, activation with superheated steam at N ' 
According to Lamb, Wilson and Chaney activity 1,000'C. This kiln is lined with 
is due simply to the increase in porosity and material and internally fired. It V rtiL-- 
internal surface brought about by the activating inclined, and revohes slowly so 
gas. Hydrocarbons produced during carboiu coal is retained several hours. It is then ft* 
aation and strongly adsorbed by the carbon out of contact with air. . 

atoma are burnt away in activation so that the (3) Chemical Processes — ^Tbo 

adsorptive forces are released. Alucb external of carbonaceous matenals with compoun ^ 

combustion occurs at the same time, however, as the chlorides of zinc, calcium, ^ 

which explains in part the low yields obtained etc., alkalis, suJphunc and phosphoric ^ 
in direct processes. affords a means of producing nigh 

The use of steam for activation was first charcoal at relatively low temperatures 
investigated by R. Ostrejko in Anstim (O.P. requires but little subsequent 
136792, 1916) and independently by K. K. action of the reagents appears to W o ^ 
Chaney in Amenea (U.S'.P. 1497513). It u dehydration with direct liberation i>l 



CARBON. 


317 


unaccompanied by the tarry materials of pyro- 
genation (Urbain, “ Recherches et Inventions,” 
1926, No. 130). Manufacturing processes based 
on this method of carbonisation involve grinding 
of raw materials and extrusion under pressure 
of the pastes formed with the reagents so 
that the advantages of briquetting already 
mentioned arc thereby included. The products 
arc known as chemically activated charcoals 
.and are of a special type. The process of 
chemical activation as now commonly practised 
is due to R. Ostrejko (B.P. 14224, 1900), who 
sought to produce a highly active decolorising 
charcoal. 

The French product known as Urbain Char- 
coal is an example of this class. In manu- 
facture (Urhain, op. oil., p. 80) peat of low ash 
content is finely ground, mixed with phosphoric 
acid and allowed to stand some time. The 
paste is then forced into threads under pressure 
which are dried with waste gases in a rotary 
kiln and broken into short lengths, after which 
they are heated in gas retorts at about 1,000°C. 
for 8-10 hours. In this process the phosphoric 
acid present is reduced to elementaiy phos- 
phorus which passes as vapour to a combustion 
chamber where it is burnt and reconverted to 
phosphoric acid. The charcoal is cooled, ' 
thoroughly washed with hydrochloric acid and 
water, and finally dried at 300°C. Although a 
high temperature is employed in the process no 
steam is required, activation resulting from the 
reduction of phosphoric acid which occurs 
uniformly throughout the mass of material. 

The charcoal made by the Bayer process of the 
LG, Farbenindustrie A.-G. (B.P. 10126, 1914 ; 
G.P. 290656, 1914 ; 310092, 1916) is a 

chemically activated charcoal. Selected peat 
is finely ground and agglomerated with 60% 
zinc chloride solution and extruded under pres- 
sure through plates perforated with J-in. holes. 
The extruded material then passes through an 
inclined, rotary kiln heated internally by the 
products of combustion of gas burned in a 
furnace at the lower end. In carbonisation the 
material reaches a temperature of about GfiO^C., 
after which it is received in iron boxes and cooled 
out of contact with air. It is then subjected to 
counter- current washing with dilute hydro- 
chloric acid to remove zinc compounds, and 
finally washed with water in wooden vats, after 
which it is dried in kilns in an air stream heated 
to 276''C. The final stage consists in mechanical 
screening to remove smalls and dust. 

Pboperties and UsES.—The outstanding 
property of active charcoals is their adsorptive 
activity towards vapours, gases, and dissolved 
substances. Hardly less remarkable is their 
versatility as adsorbents — a fact first demon- 
strated by Hunter (J.C.S. 1865, 18, 285). 
Activity is expressed in terms of adsorptive 
capacity which is measured for any given sub- 
stance by the quantity adsorbed under specified 
conditions of temperature and pressure. Accord- 
ing to Lamb, Wilson, and Chaney (l.c.) active 
charcoals as now made have 50-200 times the 
adsorptive capacity of the older wood and 
animal charcoals. All kno\vn gases are adsorbed 
to a greater or lesser extent although in the case 
of certain of them adsorbability is only slight. 


Helium is the least adsorbable. At 0°C. and 
760 mm. coco-nut charcoal only adsorbs twice its 
volume of this gas. Then follow in order of 
increasing adsorbability hydrogen, argon, nitro- 
gen, oxygen, and carbon monoxide, 21 vols. of 
the latter being adsorbed (Dewar, Compt. rend. 
1904, 139, 261). Later work has shown that 
when oxygen is adsorbed by highly evacuated 
charcoal a fraction of it is retained and can only 
be recovered at higher temperatures in the form 
of oxides of carbon. The surface layer of oxygen 
appears to enter into chemical combination 
with the carbon atoms — a view supported by the 
exceedingly high initial heat of adsorption of 
oxygen (Rhead and Wheeler, J.C.S. 1913, 103, 
461 ; Lo^vTy and Hulett, J. Amer. Chem. Soc. 

1920, 42, 1393). In general, the adsorbability 
of gases on charcoal follows the order of con- 
densability. Coco-nut charcoal adsorbs about 
200 times its own volume of ammonia at N.T.P. 
Most known vapours are strongly adsorbed by 
active charcoal. The following data for some 
common substances serve to show the order of 
activity of coco-nut charcoal towards inorganic 
and organic vapours. The data were obtained 
at saturation pressure and at 0°C. CCl4=71-0%; 
CS2=58-1%; CsHe=41-9%; (C2H5)20=36-2% 
(Coolidge, J. Amer. Chem. Soc. 1924, 46, 596). 
Water vapour is exceptional, being adsorbed in 
only small amounts below 8-10 mm. partial 
pressure (Berl and Andress, Z. angew. Chem. 

1921, 34, 369 ; AUmand and Hand, J. Physical 
Chem. 1929, 33, 1161). Hydrocyanic acid is 
also exceptional, being but slightly adsorbed 
: at low pressures. Studying a group of charcoals 
^ AUmand and Chaplin found a maximum adsorba- 
I bility of about at 0-2 mm. and 25°C. 

(Proc. Roy. Soc. 1931, A, 132, 460). In 
general, the higher the molecular weight of a 
compound the greater wUI be its adsorbability, 
but quantitative relationships exist only in the 
case of organic compounds of the same class. 

Adsorptive capacity increases with pressure 
and decreases ivith temperature for all sub- 
stances, the pressure/quantity relationship at 
constant temperature being given by the adsorp- 
tion isothermal, and the pressure/temperature 
relationship by the isostere. Numerous data 
showing these relationships for various sub- 
stances and different charcoals have been col- 
lected by McBain (“ The Sorption of Gases and 
Vapours by Solids,” p. 68, Routledge, London, 
1932), and a review of adsorption equations 
has been made by Swan and Urquhart (J. 
Physical Chem. 1927, 31, 251). A weU-known 
equation relating quantity adsorbed (x/m) and 

1 

pressure (p) or concentration (c) is : xjm^kp” 
1 

or I'c", where x is the quantity of substance 
adsorbed by m of charcoal and k and n are 
constants characteristic of substance and tem- 
perature. This is often referred to as the 
classical or “ exponential ” equation, and has a 
wider applicability than most of them. No 
single equation, however, applies accurately over 
the whole known pressure range (v. Adsokp- 
tion). 

The rate of development of pressure, measured 
by dpjdg on the isothermal, is initially veiy 
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low in the case of vapours, so that considerahle 
quantities are adsorbed at uhat might appear 
zero pressure. A definite relationship between 
quantity and pressure obtains, however, down 
to the lowest concentrations of adsorbed vapour 
(AUmand and Chaplin, Proc. Roy. Soc. 1830, 
A, 129, 250). In the low-pressure region 
charcoab difier markedly in activity. AUmand 
and Chaplin found that at 0 01 mm. and 25” a 
chemically activated charcoal adsorbed 4-7% of 
CCI 4 , while a 6 team*activated coconut charcoal 
adsorbed 16 5%. The activity in this region 
bears no relation to that at higher pressures. 
80 that tests made at fixed pressures have a 
limited significance fAUmand and Ufanning, 
J.S.C.t. 1028, 47, 369T). V'apour adsorbed at 
pressures represented by the steep part of the 
isotherm is easily removable from the charcoal, 
but that adsorbed prior to this is not. A 
measure of the retentive power is known as the 
relenlivtly of charcoal, which is usually deter* 
mined for any given vapour by streaming dry air 
or nitrogen through the charged charcoal at 
25”, 100”, or 130°G. until the rate of loss becomes 
insignificant. So far retentivity has not been 
very rigidly defined. According to Chaney, 
Ray and St. John (Ind. Eng. Chem. 1923, 15, 
1252), the retentivity of charcoal for vapoun 
is proportional to its adsorptive capacity for 
non condensable gases and to its decoionsing 
power for liquids, these properties all being 
manifestations of adsorption on active surface 
(chemical forces) as distinct from condensation 
In capillaries (physical forces). Macy finds 
retentivity for vapours to be proportional to 
the heat of wetting and proposes the latter as a 
basis of teat for the activity of charcoal (J. 
Physical Chem. 1931. 35, 1397). 

Steam.activated nut and bnquetted charcoals 
in general have a high retentivity. Some 
exhibit up to one third of their total capacity 
below a pressure of 0 1 mm. Chemically acti> 
vated charcoals, on the other hand, have low 
retentivity but high capacity for vapours at 
moderate partial pressures. 

The process of adsorption by active charcoal 
IS accompanied by the evolution of heat as first 
shown by Favro (Ann. Cbim. Phys. 1874, [vj. 
1, 200). The quantity of heat per unit mass of 
charcoal is a maximum in the initial adsorption 
stage, where it greatly exceeds the latent beat 
of vaporisation. It declines with increasing 
adsorption and finally tends towards a coo 
stant value considerably higher than the latent 
heat of vaporisation (Titoff, Z. physikal. Chem. 
1910, 74, 641 ; Keyes and Marshall, J. Amer. 
Chem. Soc. 1927,49, 156). Water is exceptional, 
and exhibits throughout a heat of adsorption 
diTering but shghtly from the latent beat of 
vaporisation (Cooiidge, J. Amer. Chem. Soc. 1027, 
49, 708). According to Lamb and Coohdge (tM. 
1920, 42, 1146), the mtegral heat of adsorption 
A may be calculated from the quantity of vapour 
X adsorbed by active charcoal from the equation 
in which m and n are constants character- 
istio of the vapour. Heats of adsorption in 
g.-cals./mol, for some common vapours measured 
at about half their saturation values on charcoal 
at 0” are as follows : CS,»12.S00 ; CH,-OH 
»13,100; CHCIj=14,5ClO ; C,H, =14,700; 


C,Hs-OH=15,000 ; (CjHj), 0=16, 000 (Lamb 

and Cooiidge, Je.). Ox}gen is unique in ex- 
hibiting initial heats of adsorptiort far in excess 
of those for other substances, which tends to 
confirm the previous evidence for combination 
with carbon prior to adsorption proper. Imti&l 
heats of adsorption for oxygen as high as 72,000 
g.. 4 ab /mol. have been observed by Keyes and 
Marshall (le.}. 

Active charcoal has been observed to undergo 
a alight expansion dunng the adsorption of CO,. 
NH,. SO,. HjO, CgHg. and C.HgN. The 
phenomenon is probably a general one. The 
expansion is a function of the quantity adsorbed, 
IS reversible, and the upper limit is of the order 
of i% by volume of charcoal (Meehan, Proc. 
Roy. Soc. 1927, A, 115, 199 ; Bangham et ol, 
iW. 1930, A. 130, 81 ; 1932, A, 138, 162). 

The velocity of adsorption as measured in 
focuo IS very high for all but the final stages of 
adsorption. From a practical point of view it 
IS instantaneous (Dewar, Proc. Roy. Inst. 1937, 
16 , 750). In adsorption from the gaseous phase 
the preaenco of inert gases causes hut slight 
imp^ance provided there » efficient contact 
between gas and charcoal, e 7 . with a time of 
contact of only 0 03 second, coconut charcoal 
in 10 mesh granules very efficiently adsorbs 
chloropicnn from air in a stream containing 
7.000 p.p.m. (Lamb, W'llson and Chaney, Is.) 
At higher vapour concentrations such as are 
oRen found in industrial eases, times of contact 
of several seconds are allowed to facilitate dis- 
sipation of the heat of adsorption and so avoid 
unduly raising tbo temperature of the charcoal. 
The velocity of adsorption from solution is low 
in compansDD with that observed in the gaseous 

base, being dependent on the rate of liquid 

iffusioQ. In general, times of contact SO-lOO 
times as long as those for adsorption from the 
gaseous phase have to be employed, and liquids 
for treatment are either filtered at low rates 
through beds of active charcoal or heated and 
agitated for definite times with a sufficient 
quantity of the adsorbent in a finely divided 
etate. 

The frve cfenaity of active charcoal is the 
density of the solid carbon wall and lies betueen 
2-2 and 2 3 g./c.c. This is sensibly equal to 
that of graphite (2 26 g./c.c.). The bull densily 
IS the weight of 1 c.c. of dry granules or powder, 
and vanes considerably with the source and 
mode of manufacture of the active charcoal, 
and to some extent with grain size and shape. 
Industnal charcoals for the treatment of gases 
are usually in the form of spheroidal or 
cylindneal particles of ^ to in. diameter, while 
those for the treatment of liquids are in the 
form of fine powders. The bulk density of 
chemically activated charcoals commonly he* 
between 0 20 and 0 40 g./c.c , while that for 
steam-activated nut- and briquetted-charcoali 
lies between 0-40 and 055 g./c.c. It is deter- 
mined by weighing 100 c.c. of active charcoal 
in a cylmder of not leas than 5 cm. diameter 
and making a correction for moisture present. 

The specific heal of activ e charcoal corresponds 
with that of graphite {q.v.) and thus changes 
matenally with temperature. 

The utility of active charcoal for the 
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production of high vacua was first pointed out 
by Sir J. Dewar (B.P. 13638, 1904) who observed 
the great increase in adsorptive eapacity which 
resulted from cooling charcoal to low tempera- 
tures. Under these conditions considerable 
amounts of almost any gas are adsorbed before 
a measurable pressure develops. Coconut char- 
coal being the most highly retentive is generally 
used for the purpose. The charcoal is first 
evacuated at elevated temperature to a pressure 
of the order of 10”* mm. after which it is cooled 
by liquid air and put into communication, by 
means of a tap, with the apparatus to be 
(ivacuated. For the highest efficiency the pres- 
sure should first be reduced as far as possible 
with vacuum pumps and the charcoal bulb 
protected by a liquid air trap to condense 
vapours. The rate and degree of clean-up will 
depend on the quantity of charcoal used and 
on the accessibility of the latter. Unless wide- 
bore connections are used it is advantageous to 
employ more than one charcoal bulb. Greased 
taps exude vapour continuously and should be 
reduced to a minimum in vacuum apparatus. 
Under proper conditions it is possible to reduce 
the pressure to 10”® mm. in a few hours (Kaye, 
“ High Vacua,” Longmans, London, 1927). 

For the estimation of hydrocarbons in gases 
'active charcoal is of great utility. It efficiently 
adsorbs vapour at tho lowest partial pressures, 
the “ breakpoint ” (100% adsorption efficiency 
limit) is sharply defined, and the adsorbed 
vapour may bo recovered in unchanged con- 
dition. In addition, there is great latitude in 
tho rate at which gas may be passed. For the 
recovery of hydrocarbons from coal-, coke oven-, 
or other gas, in quantities suitable for analysis, 
a convenient apparatus is described by H. Hol- 
lings, S. Pexton and R. Chaplin (Trans. Inst. 
Chem. Eng. 1929, 7, 102 ; see also Voss, J.S.C.I. 
1930,49, 343T). Laboratoiy determinations of 
the vapour content of a carrier gas may be made 
with 15-20 c.c. of small-grain, active charcoal 
in a stoppered U-tube 2 cm. in diameter. This 
is first dried at 130°C. for about 30 minutes by 
passing 15-20 litres of air or nitrogen, and then 
eooled in a stream of tho gas. A small volume of 
tho gas for testis then passed and the zero weight 
of tho tube taken against a counterpoise. The 
gas for test is then passed at rates up to 15 
litres/hour aTid metered at tho outlet on a wet 
test meter. Several different values of volume 
and weight-inorease are obtained and plotted 
when an approximately straight lino will result 
if the whole of the vapour present in the gas 
passed has been adsorbed. If this is found 
not to be tho ease tho determination is repeated 
on smaller gas volumes and with a fresh sample 
of active charcoal. In the determination of 
vapour pressure a correction for the volume 
of tho vapour removed should be made if this is 
significant. 

Active charcoal is a most efficient medium for 
tho thorough purification of gases from oil 
vapours, but is less efficient ns a dr 3 'ing agent. 
For tho purification and thorough drying of gases 
these should be subjected to the action of active 
charcoal followed by that of silica gel (v. 
Adsorption). 

In assessing the value of active charcoal for 


any given purpose it is important to test it 
under the conditions in which it is required to 
be used ; for example, a charcoal required for 
benzole recovery would bo tested with benzene at 
7-8 mm. partial pressure while a charcoal for 
decolorising purposes would be tested by the 
adsorption of iodine or dye from solution. 

Industriai. Applications. — ^Active charcoal 
is widely used in industry for the recovery of 
valuable products which exist as attenuated 
vapours in unadsorbable gases, e.g. liquid 
hydrocarbons in natural gas, solvent vapours in 
air, benzole in coal and coke oven gases. The 
recovery processes are essentially the same in 
all cases and well illustrated by the recovery 
of benzole [v. Coke). 

Gasoline Recovery. — For the recovery of 
gasoline from natural gas and of uncondensed 
still vapours a compact and transportable plant 
is used (Edeleanu, J. Inst. Petroleum Tech. 
1928, 14, 296 ; Reisemann, Petroleum, 1932, 
28, 1). The principal parts are : tho dust 
filter, two or more adsorbers each containing 
about 1 ton of active charcoal, the condenser, 
the separator, the steam economiser, and the 
blower. Prefiltered rich gas is passed through 
one or more adsorbers until gasoline begins 
to appear in the effluent gns, at this stage 
the charcoal will contain 12-16% by weight 
of hydrocarbons. The gas stream is then di- 
verted to fresh adsorbi . j, and the saturated 
charcoal is heated to about 127'C. by means of 
steam coils embedded in the adsorbent. At the 
same time direct steam is blown through the 
charcoal to remove the gasoline which condenses 
along with the steam in the condenser and 
passes to the separator. At the conclusion of 
this operation air from the blower is passed 
through the charcoal to dry it, after which it is 
cooled and again opened up to the gas stream 
for a new cycle. The steam consumption is 
3-4J tons per ton of recovered gasoline. With 
natural gas tho charcoal consumption is limited 
to mechanical loss which does not exceed 1 kg. 
per ton of recovered gasoline. Certain still 
vapours, however, cause a decline in activity of 
the charcoal which has ultimately to be replaced. 

In the recovery of solvent vapours from air no 
depreciation of the adsorbent is encountered 
and it is claimed that it may be used many 
thousands of times before needing replacement 
through mechanical disruption. 

Active charcoal is used on a largo scale in 
Germany for the removal of hydrogen sulphide 
from town’s gas. The hydrogen sulphide, by 
the action of oxygen in the presence of ammonia, 
is cntalytically oxidised to sulphur, which is 
recovered from tho charcoal by extraction with 
ammonium sulphide solution. The extract is 
worked up for sulphur (Engelhardt, Gas- u. 
Wasserfach, 1928, 71, 290). 

Active charcoal has also been used in Germany 
for dephenolising effluent gas-works liquor. 
The liquor is pre-filtered through towers packed 
with coke and iron turnings, after which it is 
warmed to 60°C'. and filtered through beds of 
active charcoal. The adsorbed phenol is 
recovered from the charcoal by extraction with 
benzole from which tho phenol is obtained bj' 
evaporation. Retained benzole is removed 
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from the charcoal hy steaming, which conditions 
it for renewed contact with gas Lquor. A high 
degree of purification of the liquor is attainahle 
but the adsorbent depreciates through the 
accumulation of insoluble matter (F. Sicip, 
Gas. u. Wasserfach 1933, 76, 105). 

In the purification of drinking water active 
charcoal has in recent years been used with 
success. Its use is confined to the final stages 
of purification for the removal of excess chlonne 
remainmg after chlorination and of traces of 
phenol introduced through contamination of the 
water with factory’ effluents. These substances 
even in minute concentration give the water an 
objectionable taste The water, previously 
purified as far as possible by the usual means. 
IS chlorinated and slowly filtered through beds 
of active charcoal. Highly polluted waters 
may be rendered potable by this treatment, the 
cost of which IS estimated to bo about $1 SO 
per million gallons of water {J. R. Baytis. J. 
Amer. Watenvorka Assoc. 1929, 21, 787 ; F. 
Sierp, Gas- u Wasserfach, 1931, 74, 764). 

Active charcoal has been used for some years 
in the sugar industry for decolonsing. but there 
seems no likelihood at present that it will dis- 
place bone char which has so long been used 
for this purpose. Although active charcoal has 
a greater decolorising power it has a lower 
capacity for salts than bone char and its use 
appears to increase the quantity of molasses. 

The use of active charcoal in respirators for 
protection against toxic gases is well known. 
Its high capacity for these substances, its 
versatility as an adsorbent, its instantaneous 
action end low resistance to breathing form a 
combmation of properties so far not found in 
any other natenal. However, it affords but 
sLght protection against certain substances, 
T». hydrocyanic acid, arsine, cyanogen cblonde, 
and none against carbon monoxide (Lamb, 
Wilson and Chaney, I e.). 

Some further uses of active charcoal are : the 
purification of carbon dioxide in the fennenta- 
tion industnes , air conditionmg ; increase of 
storage capacity of cylinders for compressed 
acetylene ; mamtenauce of a vacuum in the 
jackets of commercial containers for Lquid air. 

R.C. 

CARBON BLACKo.Caebok.IiAiifblace. 

CARBON, COMPOUNDS OF. 

Carbon tetrabromide, tetrabromo* 
methane, CBr^, is obtained by the action of 
bromine on carbon disulphide in the presence of 
iodine (Bolasand Groves, J.C.S. 1870, [tij.8, 161 ; 
1S7], [u], 9, 773). It IS most conveniently 
prepar^ by the exhaustive bromioation of 
acetone : 4 g. of acetone in 5 Ltres of water are 
mixed with a solution of 224 g. of sodium 
hydroxide dissolved in 750 c.c. of water, 84 6 
g. of brommo are added in successive small 
quantities (0 5 c c.) and the mixture vigorously 
sWken after each addition. After 24 houn the 
supernatant liquid is siphoned off, the sobd 
tetrabromide dried on porous earthenware and 
purified by sublimation (D.R.P. 70362; Fried!. 
4, 11). It forms white, lustrous crystals of 
pungent odour, m p. 04®, b p. 101*/5O mm., 
189 577D0 mm. with sUght decomposition. 
Insoluble m water, soluble in alcohol, ether and 


chloroform. It exists in two enantiomorphs 
(Rothmi’nd, Z. physikal. Chem 1897, 24, 705), 
both of which are bimolecular (Verstraete, Bull. 
Soc. chim. Eelg. 1934, 43, 613; Sohier, iJiJ 
1931, 40, 403). TIio length of the molecule is 
4 04 (Rumpf, PhysikaL Z. 1930, 31, 791). 

Carbon tetrabromide can be used for selective 
brommation of the side chain of alkyl benzenes 
(Hunter and Edgar, J. Araer. Chem. Soe. 1932, 
54, 2025). Its action on sulphur and selemum. 
giving a mixture of products, has been mvesti- 
gated by Briscoe, Peel, and Rowlands (J,C£ 
1929, 1766). 

Carbon tribromide or hexabrooethane. 
C^Br^, IS obtained by the action of bromine on 
ethylene dibromide or C.HBrj. It forms small 
rectangular prisms, soluble in carbon disulphide, 
insoluble in alcohol and ether, decomposing at 
200® into carbon dibromide and bromine 
(Reboul, Annalen, 1862, 124, 271). 

Carbon dibromide, tetrabromoethy- 
lene. C^BCj, white crystals, m p. 53®, is formed 
by the action of nascent hydrogen on the tn- 
bromide (Lowig, Annalen, 1832, 3, 292 j Lennox, 
J-CS. 1862, 14, 209). 

Carbon bromide, dibromoacetylidene, 
C CBr,, IS obtained fiom tetrabromoethane by 
removal of 2 lools. of hydrogen bromide. It is a 
liquid of b.p 76®, spontaneously inflammable m 
air and very explosive (Lcmoult, Compt rend. 
1903, 1S6, 1333, 137. 65). Lawne (Amer. 
Chem J. 1D06, 36, 487) showed it to contain a 
doablebond .Ser, however, Biltz, Ber 1013,46, 
142 ; E. H Ingold, J.C.S. 19S4. iSS. 15S8. 

Chlorotnbromomethane, CClBr,, mp. 
55®, b.p. 160®, and dichlorodibromomethane, 
CCItBrnm.p 22®, b p. 136®, and tnchlorobro- 
mometnane, CCIjBr, m p. —21®, h p. 104®, are 
obtained by the action of bromine on chloroform 
at 2^-275® and are separated by fractional 
distillation (Besson, Compt. rend. 1892, 114, 
223). The last compound la also obtained by 
the action of bromine on trichloracetic acid 
(con'l Hoff. Ber. 1877. 10. 678). 

Chlorotribromoethytene, CCIBnCBr,, 
m.p. 34®, b.p. 203®-205°/734 mm., is prepared 
from chiorotetrabromoethane by removal of 
HBr (Denzel, Ber. 1879, 12. 2208). 

«a Dichloro ^^-dibromoethylene, 

CCljsCBr,, 

b.p. 172®/765 mm., f.p. below 0®, 2 3753, is 

obtained by the action of alcohohe potash on 
dichlorotnbromoethane (Swarts, Bidl. Acad. 
Toy. Bejg. 1898, Im). 36, 519). 

oP-Oichloro-o^ dibromoethylene, 
CCIBnCCIBr, 

b p. 172®/765 mm., is a product of the action 
of aluminium bromide on carbon tetrachloride 
(Swarts, Bull. Acad. roj. Belg. 1893, [m], 38, 
519), as ie nlso 

Trlchlorobromoethylene, CCliiCCIBr, 
in.p. -12® to -13®. b.p. I45®-14S® (Besson. 
Compt. rend. 1894, 119, 88). 

Chloropentabromoethane, C,CIBr{, m p- 
170® with vigorous decomposition, is obtained 
1^’ the action of bromine on chlorotn- and chloro- 
tetrabromocthano (Denzel, Ber. 1879, 12, 2207). 
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aa-Dichloro-aj5^j3-tetrabromoethane, . 
CCIjBr-CBra, 

is formed with dichlorotribromoethane by the 
action of bromine on a-dichlorodibromoethane. 
It evolves bromine vapour at 175° and melts 
with vigorous decomposition at 180° (Denzel, 
Ber. 1879, 12, 2207). 
o)3-Dichloro-aa)3^-tetrabromoethane, 

CCIBrj-CClBrj, 

melts at 191° (Swarts, Bull. Acad. roy. Belg. 
1898, (3), 36, 519). 

a;S^-Trichloro-aa)9-tribromoethane, 

CCIBryCCIaBr, 

m.p. 178°-180°, is formed by the chlorination of 
CjCIsBr (Besson, Compt. rend. 1894, 119, 88). 
aj8^j3-T etrachloro-aa-dibromoethane, 

CClBryCCIj, 

is obtained by the repeated chlorination of 
CjHjBr^ (Bourgoin, Bull. Soc. chim. 1875, [ii], 
23, 4) or bromination of CjHClj (Paterno, 
Gazzetta, 1871, 1, 593). It smells like camphor 
and can be sublimed. 
aaj3^-Tetrachloro-a^-dibromoethane, 

CClaBrCCIoBr, 

is formed by the action of bromine on tetra- 
chloroethylene in sunlight (Jlalaguti, Ann. Chim. 
Phys. 1846, [iiij, 16, 24). 

Fluorotribromomethane, CBPjF, a colo\ir- 
less, heavy, pleasant-smelUng liquid, b.p. 107°, 
is obtained by heating carbon tetrabromide at 
60°-60° with silver fluoride. Further treatment 
with silver fluoride yields — 
Difluorodibromomethane, CBtjFj, a 
mobile liquid, b.p. 24-5°, f.p. below —80° (Raths- 
burg, Ber. 1918, 51, 669). 
os-Heptachloropropane, 

CHClyCCIjCCIj, 

m.p. 32°, b.p. 247°-248°, is formed by the 
aetion of phosphorus pentachloride on penta- 
chloroacetone (Fritsch, Annalen, 1897, 297, 
312), by direct addition of chloroform to tetra- 
chlorbethylene under the influence of aluminium 
chloride (Boeseken and Prins, Proc. K. Akad. 
Wctensch. Amsterdam 191 1, 13, 685 ; J.C.S. 1 91 1, 
100, 173) or b}' the action of chlorine on propyl- 
ene chloride (Cahours, Annalen, 1850, 76, 283). 

Hexachlorobenzene, C^CIg, discovered in 
1821 by Julin, is the final product of the chlori- 
nation of benzene and of many alkyl benzenes. 
It is also formed by direct sj-nthesis when a 
current of 5-5 amps, passes at 42 volts for 14 
hours between carbon electrodes in a chlorine 
atmosphere. It forms colourless, silky needles, 
of m.p. 226° and b.p. 326°, is tasteless but 
has an odour resembling spermaceti. It is 
insoluble in water, acids, and alkalis soluble in 
alcohol, ether and hot oil of turpentine. It 
burns with a bluish flame, and decomposes into 
chlorine and charcoal on passing through a red- 
hot tube filled with glass or rock crystal. 
Stronglj’ heated potassium burns in the vapour. 

This compound was formerly regarded as 
carbon monochloride ; its molecular formula 
was established bv Bassett (J.C.S. 1867, [ii], 5, 
443). 

VoL. II.— 21 


Carbon tetraiodide, tetraiodomethane. 
Cl 4, is obtained by the action of aluminium 
iodide on a mixture of carbon tetrachloride and 
disulphide (Gustavson, Ber. 1881, 14, 1705). 
It forms dark red octahedra, of sp.gr. 4-32, the 
length of the smallest possible unit cube being 
9-14A (Hassel and Kringstad, Tekn. Ukeblad, 
1931, 78, 230). It dissolves in various solvents 
and oxidises rapidly in solution (Dubrisay and 
Emschwiller, Bull. Soc. chim. 1935, [v], 2, 127). 

Carbon subnitride, C4N2, is obtained by 
dehydrating the diamide of acetylene dicar- 
boxylic acid : 

HjN-OC-C-CCONH, 

= N!CC:C-C:N + 2H20 

(lloureu and Bongrand, Compt. rend. 1910, 150, 
225). It forms fine white needles of m.p. 
20-5°-2r and has b.p. 76°/773 mm., df 0-9703 
and abnormally high molecular refraction and 
dispersion. The vapour resembles cyanogen 
in odour, irritating action, and the blue flame 
with which it burns, igniting spontaneously at 
130°. Reactions with ammonia and amines 
are described by Moureu and Bongrand {ibid. 
1914, 158, 1092). 

Carbonyl chloride, Phosgene, COCI^. 
Phosgene was first prepared by J. Davy by the 
action of sunUght on carbon monoxide and 
chlorine, and this direct combination method is 
stiU employed on the commercial scale, though 
it is now usually carried out in the dark with an 
activated carbon catalyst (Jacque, Chim. et 
Ind. 1928, 19, 24). The most convenient 
laboratory preparation is by the action of carbon 
tetrachloride on sulphur trioxide : 

C C 1 4 -)- 2S03=C0Ci 2 -f- S 2 O gC 1 2 

(Giordani, Annali Chim. Appl. 1928, 18, 90), 
or on oleum or on sulphuric acid in the presence 
of infusorial earth (Grignard and Urbain, 
Chem. Zentr. 1919, III, 989). . Phosgene is also 
formed by the action of carbon monoxide on 
certain chlorine compounds : nitrosyl chloride 
(Williams, U.S.P. 1746506), antimony penta- 
chloride (Annalen, 1849, 70, 139), ruthenium, 
platinum or gold chloride (Manchot and Leh- 
mann, Ber. 1930, 63, [B], 1221). For danger 
attending the use of carbon tetrachloride as a 
fire extinguisher owing to its conversion 
into phosgene in the presence of moisture, see 
carbon tetrachloride (p. 323 ; c/. Hamilton, Ind. 
Eng. Chem. 1933, 25, 539; Olsen, ibid. 541); 
the addition of ethylene dibromide is said to 
reduce this danger (Glaser and Frisch, Z. angew. 
Chem. 1928, 41, 263). 

The mechanism of the photo-chemical pro- 
duction of phosgene has been investigated by 
many workers, whose explanations are based 
on the formation of active chlorine, COCI, or 
CI3. See Warming (Z. physikal. Chem. 1932, 
B, 18, 156), Schumacher and Wolff {ibid. 1934, 
B, 25, 161 ; 26, 453), Montgomery and RoUefson 
(J. Amer. Chem. Soc. 1933, 55, 4025 ; 1934, 
56, 1089), Kassel {ibid. 1936, 56, 243). 

Phosgene is a colourless gas, of b.p. 8°C., 
crit. temp. 182°C., and dj 1-432. Its dipole 
moment is 1-18x10“^® (Smyth and McAJpine, 
J. Amer. Chem. Soc. 1934, 56, 1697) and its 
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u]tra-^ioIet absorption spectrum indicates a 
structure simUar to that of formaldelijde 
(flcnn and Ilowelf, Proc. Roy. Soc. 1930, A, 
123. 178). It has a penetrating, choking smell 
and IS Ter}’ poisonous, a concentration of 45 mg. 
per cubic metre of air being dangerous Uasks 
for protection against it contain, besides charcoal 
for adsorption of phosgene, a hydrol}Sing layer 
and an adsorbent for the hydrochlonc acid thus 
formed {Xiel«en, Z. ges Schiess- u. Sprengstoffw 

1932, 27, 13G, 208, 244, 280; Engelhard-and 
Stiller, Z. Elektrochem. 1934, 40, 833). Hesa 
meth}Ienetetraminc is aUo recommended as an 
adsorbent (Jarque, I c.). An antidote to phos- 
gene poisoning IS urease, ohtamed from the soy a 
bean (STensson, Svensk farm. Tidskr. 1930, 34, 
493, 609, 645. 505; 1931, A, 759). Phosgene 
{hssoives readily in glacial acetic acid, benteoe 
and other hy drocarbons, it dissociates on heating, 
and IS Tery reactice. It is decomposed by water 
into carbon dioxide and hydrochloric acid, 
yields mth alcohol chlorocarbonic ester, 
CICO OCjHj, nr carbonic ester. CO(OCjHj),; 
with ammorua, urea, and with atuline, diphenyl 
urea Its reaction with ethylene has b^n in 
restigated by Pace (Gazzetta, 1929, S9, 578), 
Varsebarski and DoroganjeTskaja (ilitd. 1934. 
64, 63} and Klebanski and TecheeitschaloTa 
(Compt. rend. Acad. Sci. U.R.S S 1935, 2, 42) 
Polymers of phosgene are described by DlelntkoT 
(Voennaya Khim 1934, No^. 2, 9 ; Chem Zentr. 

1933, 1. 1050) 

The detection and estimation of pboageae are 
usually required to be earned out in the preeence 
of chlonne. The most satufactory methods are 
the precipitation of diphenyl urea (Jacque, 
/ e } and the sodium lodido-acetone method of 
OUen, Ferguson, Sabetta. and Scheflan (Ind 
Eng. Chem. [Anal ]. 1031. 3, 180). 

Pboagene is used m the manufacture of di- 
and tnpheny 1 methane d) estuSs 

Carbonyl cyanide, CO(CN),, is formed by 
direct union of carbon monoxide and cyani^cn 
in ultra violet light It is a yellon, amorphous, 
nonvolatile solid, dissolving in alkalis to a 
yellow solution and slowly hydrolysed by acid 
to carbon dioxide and hydrogen cyanide 
(Uerthriot and Gaudechon, Compt. rend. 1913, 
156. 17GC). I 

Carbon monosulphide, (CS)z. — When car | 
bon (hsulplude is exposed to a silent discharge i 
and then frozen an glass in liquid sir, a sub I 
sequent slight rise in temperature brings about 
explosive decomposition into carbon mono- 
sulphide and sulphur (Klemenc, Z. Elektrochem. 
1930, 36, 722). A polynicride is also obtained 
by exposing carbon disulphide to eunbght, or 
by ultra violet irradiation of carbon disulphide 
and carbon tetrachlonclc (Doran and GiUam. 
J.S C.1. 1928, 47, 259T), or by the action of thio- 
carbonyl chloride on nickel carbonyl . ; 

xCSCIj-|-xNi(CO),=*NiC1,-(-4rCO-KCS), I 

Carbon luonosutphide is a reddish brown 
ponder of sp.gr. 1’6, which can be compressed 
into a solid block of sp.gr. 1 83. It is a non- 
conductor of electricity, insoluble in water, 
alcohol, turpentine or benzene (Sidot, Compt. 
rend. 1869. 69. 1303 ; 1872, 74. 180 ; 1875, 81, 
32} but giving a purphsh-brown solution m 


cone, sulphuric acid, brown solutions m aqueous 
or alcoholic ammonia, amraomuni sulphide, 
potassium hydroxide and potassium hydro- 
sulphide and a red solution in nitric acid. It 
can be heated in racuo up to 360®C. without 
change, but decomposes at a dull red heat into 
carbon disulphide and carbon. 

Carbonyl sulphide, COS, discovered by 
Than in 1867, occurs in some mineral spnngs, 
and can be isolated from gases containing it by 
scrubbing with alkali and treating the resulting 
solution with acid. It is prepaid by passing 
carbon monoxide over heated sulphur or with 
sulphur vapour through a red-hot tube, by the 
action of Buipbune acid on potassium or 
ammonium thiocyanate . 
KCNS-)-2H,SO«i-H.O 

=COS+KHSO,-r{NH4)HS04 
(llempel. Z. angew. Chem. 1901, 14, 865), by 
treating leocyanic esters with hydrogen sul- 
phide . 

20C.N CjHs-)-H,S=COS-l-CO(NH C,H,), 
or by heating sulphur tnoxide with carbon 
, disulphide. Mustard oils treated with sulphunc 
I acid yield carbonyl sulphide and primary ammes 
I Carbonyl sulphide is a colourless gas, of d 
l(air=l) 2 1(M6, critical temperature 103®, and 
cntical pressure 60 atm. It liquefies st 0® 
;and 12’6 atm. to a colourless, mobile, highly 
I refractive bquid of 1 073, f.p -1382®, and 
I bp — 60 2®/760 rsffi., which dissolrea sulphur 
and mrees with slcohol and ether but not water 
(Ilosvay, Bull Soc. chim. 1882, [u], 37, 291; 
Stock and Kuss, Ber. 1917, 50, 159). The gsa 
has an unpleasant odour except when quite pore, 
and IS a strong nerve pouon 0 8 c c. of it dis- 
solvel in I C.C. of water at 13 5® and 756 mm. 
and IS slowly decomposed into hydrogen sulphide 
and carbon dioxide ; this reaction has been m- 
vestigated by Thompson, Kearton, and Lamb 
(J.CS. 1935, 1033). It is rapidly decomposed 
by alkaLs yielding the alkali sulphide and 
carbonate. A white hot platinum wire causes 
decomposition into sulphur and carbon mon- 
oxide, and the gas burns readily in air to 
! earbem dioxide and suJphui dioxide and forms 
an explosive mixture with oxygen (Russell, 
jj.CB. 1900, 77, 336). Oxidation by bromme 
I nater or acid permanganate yields carbon 
'dioxide and sulphunc acid; reduction to 
hydrogen sulphide by hydrogen and a catalyst 
IS for remoxmg the gas from mixtures 

(B.P. 370978) 

Carbony I sulphide can be used for the synthesis 
of thio acids and of s trwubstitutcd carbinols 
bv means of organo-magnesium compounds 
(Weigert, Ber. 190J, 36. 1007). 

Tile vapour density of carbonyl sulphide gives 
a molecular weight just below that required by 
the formula COS (Pearson, Robmson, and 
Trotter, J.CB. 1932, 660), and the absorption 
spectrum from a hydrogen discharge tube indi- 
cates dissociation into carbon monoxide and 
sulphur (Lochte-IIoltgreven, Bawn and East- 
wood, Nature, 1932, 129, 860). From spectra 
and thermochcmical data, the molecule has the 
hnear structure 0:C:S (Zahn and Miles, 
Physical Rev. 1928, (u), 32, 497 ; Bailey and 
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Cassie, Proc. Boy. Soo. 1932, A, 135, 375 ; 
Boersch, Monatsh. 1935, 65, 311) ; its infra- 
red and Raman spectra have also been investi- 
gated by Bailey and Cassie (Nature, 1931, 128, 
637), Bartunek and Barker (Physical Rev. 
1935, (ii), 48, 516), and Dadieu and Kohlrausch 
(Physikal. Z. 1932, 33, 165). 

Carbonyl azide, Carbazoimide, CONg, 
obtained by the action of sodium nitrite on 
aqueous carbohydrazide hydrochloride, is a 
highly explosive substance, reacts with aromatic 
hydrocarbons to give pyridine bases and amines 
(Curtins and Bertho, Ber. 1926, 59, [B], 565). 

Carbonyl bromide, COBrj, is obtained by 
the action of hot,, cone, sulphuric acid on 
carbon tetrabromide (Schumacher and Lenher, 
Ber. 1928, 61, [B], 1671). It is a colourless, 
fuming liquid, b.p. 64°-65“, 6}^ 2’52, of physio- 
logical action similar to phosgene but less 
readily hydrolysed by water. Above 150° it 
decomposes slowly into carbon monoxide and 
bromine (Lenher and Schumacher, Z. physikal. 
Chem. 1928, 135, 85 ; Reerink, Rec. trav. chim. 
1928, 47, 989). The oxime, m.p. 70°-71° in 
vacuo, is obtained from bromine and oximino- 
acetic acid (De Paolini, Gazzetta, 1930, 60, 700). 

Carbonyl selenide, COSe, is obtained by 
passing carbon monoxide over heated selenium. 
It is a colourless, evil-smelling gas, of erit. temp. 
121'l°±0-2°, condensing to a mobile liquid of dj” ’ 
1-812, and b.p. — 22-9°±0-2°/725 mm., and a 
white solid of m.p. — 122-l°3;0-5°. The vapour 
density corresponds to the formula COSe 
(Pearson and Robinson, J.C.S. 1932, 652). 

Carbon sulphidoselenide, CSSe, is formed 
by treating ferrous selenide with carbon disul- 
phide vapour at 650° and fractionating (Briscoe, 
Peel, and Robinson, J.C.S. 1929, 56). It is a 
yellow oil of b.p. 83-90°-83-95°/749-2 mm. Its 
physical and chemical properties have been 
investigated by the same authors {ibid. 410, 
1048). 

Carbon tetrafluoride, CF^, is the most 
stable of the fluorides formed by the action of 
fluorine on charcoal (Ruff and Keim, Z. anorg. 
Chem. 1930, 192, 249). It is also produced in 
the electrolytic manufacture of beryllium 
(Lebenu and Damiens, Compt. rend. 1926, 
182, 1340) and in the electrolysis of cryolite in 
a piagncsia crucible (Treadwell and Kohl, Helv. 
Chim. Acta, 1926, 9, 681). It is a gas which 
condenses to a liquid of b.p. —128° (Menzel 
and Mohry, Z. anorg. Chem. 1933, 21(), 257), 
f.p. —186-8°, and sp.gr. at the b.p. 1-3 (Klemm 
and Henkel, ibid. 193^2, 207, 73). 7-45 c.c. dis- 
solve in 100 c.c. of water at 16° without 
h3-dro]3’sis. Carbon tetrafluoride is stable to 
heat and unreactive. 

Dibromotetrafluoroethane, C2Br2F4, is 
an oUj' liquid of b.p. 47-4° and f.p. -111-5°, 
formed bj- the action of bromine on tetra- 
fluoroethyleno in sunlight (Ruff and Bret- 
schneider, Z. anorg. Chem. 1933, 210, 176). 

Hexafluoroethane, CjFj, b.p. -78-1°, m.p. 
— 100-6°, isanunreaotivegas formed w-ith tetra- 
fluoroethylcne on burning carbon in carbon 
tetrafluoride (Ruff and Brctschncider, he.). 

Tetrafluoroethylene, CoF^, b.p. -76-3°, 
m.p. -142-5°, is a gas resembling ethylene, pro- 
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duced on burning carbon in carbon tetrafluoride 
and isolated by conversion into the dibromo 
compound and treating the same with zinc and 
acetic acid (Ruff and Bretschneider, Z. anorg. 
Chem. 1933, 210, 173). 

Hexachloroethane, CjClg, m.p. 187°, is 
formed by passing an electric current between 
carbon electrodes in a chlorine atmosphere at a 
higher strength and voltage than for the pro- 
duction of hexachlorobenzene. 

lododifluoromethane, CHIFj, b.p. 21-6°, 
and Diiodofluoromethane, CH^F, b.p. 
100-3±0-5°, m.p. — 34-5°±0-5°, are both stable 
in the absence of light and air (Ruff, Ber. 1936, 
69, [B], 299). 

Carbon subsulphide, C3S2, is a red liquid 
which solidifies to a yellowish-red solid of m.p. 
—5°. It is best made by passing an electric dis- 
charge between carbon-antimony electrodes in 
carbon disulphide vapour (Stock and Praetorius, 
Ber. 1912, 45, 3568). It is soluble in carbon di- 
sulphide, alcohol and benzene ; the alcoholic 
solution decomposes on standing. It is stable 
to water, alkah, acid and chlorine water, and 
decomposes on heating in vacuo into carbon 
disulphide and a carbonaceous residue. It 
polymerises slowly at room temperature and 
rapidly at 100° to a coal-like, non-volatile sub- 
stance, and combines 'vvith aniline to form thio- 
roalonanilide, CH2(CS-NH-CeH5)2. 

CARBON DIOXIDE. 

Occurrence . — As carbon dioxide is the final 
product of the oxidation of carbon in organic 
compounds, it is of widespread occurrence.' It 
issues from the ground in some .places (volcanic 
districts) as a gas or dissolved in water, often 
under pressure (mineral water). In limestone 
districts the gas may be present to a considerable 
extent in caverns, wells, etc. Carbon dioxide 
is present in the products of respiration of man 
to the extent of about 4% in the exhaled air. 
It is formed by many processes of fermentation 
and by the atmospheric decay of animal and 
vegetable substances, the carbon dioxide evolved 
from decaying manure and from waterlogged 
soils being due to these processes. 

Ordinary air contains between 0-03 and 0-04%, 
but this quantity may be increased considerably, 
particularly in busj’^ streets, since the exhaust 
gases from petrol engines contain up to 13%. 

It is also found in coal mines, where it is 
formed by the oxidation of the coal ; after an 
explosion of “ fire damp ” it is known as 
“ choke damp.” 

The percentage of carbon dioxide in various 
industrial gases is : blast-furnace gas about 
11%, coal gas from retorts and ovens 2-4%, 
producer gas 4-5%, and water gas 5-7%. 

It is also present in the gases from many 
metallurgical processes in which metallic oxide 
or carbonate is reduced, by carbon. 

As carbon dioxide is evolved by plant roots, 
the soil atmosphere contains rather more than 
atmospheric air. 

Production . — Carbon dio.xide can be obtained 
by passing air through a red hot coke bed. A 
minimum of excess air is used, giving a mixture 
containing a moderate amount of carbon 
monoxide in addition to the carbon dioxide. 
The hot gas mixture is then mixed with a little 
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excess air (secondary air) and passed into a 
combustion chamber containing a number of 
refractory brick baffles, -where the carbon 
monoxide, hydrogen (from the action of water 
1 apour in the pnmaiy' air and coke, on the hot 
coke) and hjdrogen sulphide (from sulphur in 
the coke), are oxidised to carbon dioxide, water, 
and sulphur dioxide rcspectix ely. The reeultant 
gases, x^hlch may be cooled by being made to 
raise steam in a boiler, contain, xrith careful 
control of air addition, up to 18®^ carbon 
dioxide, mixed «ith the nitrogen and some 
oxxgen from the air used, and an amount of 
sulphur dioxide depending on the sulphur ton 
tent of the coke. They are then scnibbed with 
nater in a tower contaimng limestone at a 
temperature of about 40®C. to remove dust and 
sulphur dioxide, and the carbon dioxide is 
remoicd by scrubbing with warm (30“— 10"C.) 
potassium carbonate solution (15-20 g /lOO g. 
solution). The solution from the scrubber then 
passes to a boiler, after having been preheated 
bj liquor leaving the boiler, where it is healed 
to just over 100”C. by the gases leaving the coke 
bed or the secondary air combustion chamber, 
when the dissolved carbon dioxide u liberated. 
The bquor is cooled and recirculated round the 
scrubber. Sodium carbonate solution can be 
used in place of potassium carbonate, but its 
strength roust be reduced on account of the 
lower solubibty of sodium bicarbonate. It is 
necessary to carry out the combustion of the 
coke m two steps, since the gases obtained by 
passing air through red hot coke cootain 
carbon monoxide which cannot be burnt com- 
pletely by air in the presence of coke. Surplus 
heat from the hot gases is used for steam raising, 
the steam being used to drive the necessary 
machinery. 

Carbon dioxide is concentrated from other 
gases such as water gas, when used for ammonia 
synthesis or hydrogen production. In this case, 
water gas containing a’tout 5-7% carbon dioxide 
and about 40% carbon monoxide is passed 
over a catalyst with steam, which converts 
the carbon monoxide to carbon dioxide and 
hydrogen, and gives a gas containing about 30% 
carbon dmxfdc. Thss gas nr fben scrubbed with 
water under pressure (about 25 aims.) when 
the carbon dioxide is removed The water 
emerging from the scrubber can be used to 
dnve a water turbine and generate electric 
pow er nr can be let dow n to atmosphene pressure 
directly In cither case the dissolved carbon 
dioxide 13 given off and the water recircubted. 
The carbon dioxide vriJl contain hydrogen eul- 
pliide, and a little nitrogen, carbon monoxide 
and hydrogen. The hydrogen sulphide can be 
removed by passing the gas through iron oxide 
(bog ore) boxes. 

Carbon dioxide is also separated in processes 
U'lng the Unde Frank Caro process for separat- 
ing and piirifi ing gases by liquefaction. 

Wlien natural carbon dioxide is liberated from 
mineral water spnngs it often contains a little 
hydrogen sulphide, which can be removed by 
washing with potassium permanganate solution, 
and should the gas contain a large amount of 
air, it can be concentrated by washing with 
water under pressure. 


Some carbonates readily evolve carbon dioxide 
on heating, and if the partial pressure of carbon 
dioxide IS reduced during the heating, the gas 
IS evolved at a lower temperature. Thus, 
natural forms of calcium carbonate, dolomite or 
magnesite when heated to redness m a current 
of Steam, evolve carbon dioxide, which is rol* 
lected after condensation of the steam. 

Carbon dioxide is also produced by alcoholic 
fermentation during the manufacture of beer, 
etc. It 13 usually collected from enclosed 
vessels under a pressure just greater than 
atmospheric in o^er that air shaU not be 
drawn into the carbon dioxide evolved. The 
gas from this source usually contains a little 
hydrogen sulphide, and various organic pro- 
ducts and esters which give it an unpleasant 
smelL When required for mineral water 
manufacture and similar purposes, it is often 
purified by cooling and by -passage over active 
charcoal under pressure (Anon., Chem.and Ind. 
1$28, 47. 62). The charcoal is revivified by 
expelluig the adsorbed impurities by steaming. 
The use of silica gel for this purpose in place of 
active charcoal is usually earned out under a 
pressure of about SO lb. per sq. in . the gel being 
regenerated by heating. When these methods 
of purification ore used, a number of purifying 
vessels are installed so that one is always avail- 
able for regeneration A chemical method of 
purification has also been used m which the 
I carbon dioxide produced by a fermentation 
'process is washed with dilute alcohol solution 
and then with water. The aldehydes and higher 
alcohols which are often present are removed 
by washing with potassium dichromate and 
sulphuric acid, the products of oxidation being 
removed by washing with glycerine («e Reich, 
Chem. Met Eng. 1931. 38. 136. 271). 

Carbon dioxide has also been prepared, when 
required for mineral water manufacture, by the 
action of acids (hydrochloric or sulphuric) on 
hmestone or magnesite (giving magnesium 
sulphate solution, which is worked up), hut 
carbon dioxide for this purpose is now often 
suppbed in the liquid form, or in the solid form, 
known as tfry tee. 

RTicn the ammonia soda process is asee} for 
tbc manufacture of sodium carbonate, the 
carbon dioxide is obtained from limestone kiln 
gases, which contain about 30% carbon dioxide. 
The kdns may be fired externally with producer 
gas and internally with coke to the extent of 
about 10% by weight of the hmestone, air 
being blown through the kiln. I\Ticn carbon 
dioxide for liquefaction is made by this method, 
the sulphur content of the coke is kept low 
because of the formation of sulphur dioxide. 
The gases are then washed with water and the 
I carbon dioxide removed by washing with 
potassium or sodium carbonates (for 5 tone 
carbon dioxide per day the washing towers arc 
' 9 ft. diameter and 50 ft. high, and contain gnds 
packed with coke and the liquor is circulate at 
I the rate of about 1,200 gallons per minute), 
xvhen the inert gases and unabsorbed carbon 
dioxide pass to atmosphere. The carbon dioxide 
13 recovered by heating the solution. The use 
of triethanolamine, which is alkshnc and forms 
' carbonates with carbon dioxide, as an absorbent 
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of carbon dioxide has been proposed. The nse 
of this absorbent has not yet been firmly 
established (see Reich, l.c.). 

When required in small quantities, carbon 
dioxide is best prepared by the action of hydro- 
chloric acid on marble or sulphuric acid on 
sodium carbonate. 

Properties . — ^The specific gravity is T3833 
(02=1) and d 1-9767 g. per litre at 0°C. and 
760 mm. Hg. 

The determination of the molecular heat of 
carbon dioxide at high temperatures is rendered 
difiicult because of its dissociation into carbon 
monoxide and oxygen. From a review of the 
literature, Partington and Shilling (“ The 
Specific Heat of Gases,” p. 203, 1924) give for 
the true molecular heat at constant volume, in 
cals, per g.-mol., the following equation ; 

Cv= 6-700-)- 0-0045f- 1 -02 X 1 

The values for Cp—Cv given by the above 
authors are 2-051 at 0°C. and 2-039 at 20°C., 
and the ratio CpjC^ js 1-303 at 20°C. (Partington 
and Cant, Phil. Mag. 1922, 43, 369). 

Carbon dioxide is appreciably soluble in water, 
giving a solution which is acid to litmus. Its 
solubility in water is made use of industrially for 
separating it from other gases. The volurtie of 
carbon dioxide measured at 0°C. and 760 mm. 
Hg, dissolved by 1 vol. of water when the 
pressure of the gas less that of the water vapour 
is 760 mm. Hg, is given below (Seidell, “ Solu- 
bility of Inorganic and Organic Compounds,” 
1919): 

PC. . 0 10 20 30 40 50 60 
vol. gas 1-71 1-19 0-88 0-67 0-53 0-44 0-36 

The solubility of carbon dioxide in water at 
different pressures is given below (“International 
Critical Tables,” Vol. Ill, p. 260, 1928) : 


cc. 

Pressure, atm. 

C.C. gas. 

20 

25 

16-3 


: 30 

18-2 


' 40 

> 22-0 


50 

25-7 

35 

30 

10 


I 40 

14 


50 

n 

60 

40 

8 


50 

10 


60 

12 


70 

14 


Carbon dioxide is adsorbed by wood charcoal 
to a considerable extent (see Homfrey, Proe. 
Roy.Soc. 1910,.\,84,99). 

It diffuses through wilcanised rubber or 
balloon fabric about 2-5 times as fast as 
hydrogen, and a good deal faster than most 
other gases. 

The vapour pressure of the liquid is : 

PC. . . -56-6 -50 -30 -10 

p atm. . 5-1 6-7 14-1 26-1 

30 
71 


The critical pressure is 73-0 atms. and critical 
temperature 31-1°C., and the density of the 
liquid is 0-460 g. per c.c. 

The melting-point of the solid is — 56-6°C. 
at 5-2 atms. and the density is 1-53 at — 79°C., 
land 1-59 at — 100°C. (see “International 
Critical Tables,” Vol. HI, p. 43, 1928). 

The molecular heat of formation from graphite 
is 94-385 kg.-cals. (“International Critical 
Tables,” Vol. V, p. 181, 1929). 

Although carbon dioxide is not toxic, air con- 
taining more than 30% may prove fatal in 
30 minutes on account of its suffocating action, 
but 4-6% can be inhaled for up to an hour 
without serious effects. The maximum safe 
limit in air is 2-3%. As the gas is practically 
odourless (it has a characteristic effect on the 
nose) and is dense compared with air, it is apt 
to collect in the bottom of vessels, pits, man- 
holes, etc., no person, therefore, should descend 
suspicious pits, etc., unless provided with a gas 
mask and a life-line. 

As carbon dioxide is the final product of the 
combustion of carbon it is a non-supporter of 
normal combustion ; this property and its 
relative density to air are made use of in 
various types of fire extinguishing apparatus. 

Carbon dioxide is essential for plant life, 
sugars being made from it under the action of 
sunlight in the presence of water. 

The moist gas and its solution in water have 
acid reactions, and natural waters, which almost 
invariably contain some dissolved carbon 
dioxide, often, particularly in chalky districts, 
dissolve the limestone to give the bicarbonate, 
which is more soluble in water than the car- 
bonate. Such water, on being heated, deposits 
the chalk because of the decomposition of the 
bicarbonate, or, if the carbon dioxide is present 
under pressure, allows the carbonate to be 
deposit^ u'hen the pressure is reduced, causing 
the formation of stalactites or stalagmites. The 
deposition of carbonates on boiling the water is 
the cause of “fur” of kettles, “scale” in 
boilers, etc., tbe water being knou-n as “tempo- 
rary hard water.” 

Although carbon dioxide has’ been thought to 
cause corrosion of iron, it has been found that 
iron can rust under conditions which exclude 
the presence of any appreciable amounts of 
carbon dioxide. The corrosion of iron and 
steel by water depends to a large extent on the 
oxygen content and acidity of the water, and 
carbon dioxide may be present in sufficient 
Cjiiantity to affect the Jatter. Carbon dioxide 
gas seems to have little effect on the corrosion 
of iron (sceU. R. Evans, “ Corrosion of Metals,” 
1926). 

For the equilibria between carbon dioxide, 
carbon monoxide, carbon, and- oxygen, see 
Cajibox Moxoxide. 

Carbon dioxide under the effect of suitable 
catalysts and conditions can be reduced to 
carbon monoxide and to methane. 

The reaction 

C024-H2-C0-fH20 
is dealt with under Cakbon Monoxide. 

The reaction 

C02-(-4H,=CH^-}-2H20 


PC. . 
p atm, 


0 

34-4 


10 

44-4 


20 

56-5 
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baa the foUowmg values for the eqtziLhnoza 
const&at at constant pressure (partial pressoiea 
in atmospheres). 

PcO,P H, 

TK . . 6S1 709 765 773 

Kp . . 3 13 2 64 1 69 1-58 

(»«« “International Cntical Tables,” tu, 244, 
1930). 

M'hen carbon dioxide mixed xnth excess 
hydrogen is passed over an active nickel catalyst, 
reliction according to the above reaction com- 
mencea at 230^0. If the hydrogen content of 
the gas IS insufficient, redaction to carbon 
monoxide occurs. Cobalt can be used in place 
of mckcl but is less active and deposition of 
carbon is more likely to occur (see Sabatier and 
Senderetis, Ann. Cbim. Phys. 1905, [vui}, 4, 424). 
Other metals may also be used and the choice 
of catalysts is stated to be wider if high pres- 
sures are used, but sulphur compounds are likely 
to poison the catalysts 

Gaseous carbon dioxide is used for the manu- 
facture of sodium carbonate by the ammonia 
eoda process, ammonium carbonate and bicar- 
bonate. Its use in sugar refining, mineral water 
carbonation, the making of pure alumina from 
bauxite and of salicylic and from pheool has 
beep largely supersede by the use of gas made 
&om dry ice. 

In tome fire extinguishers the gas u generated 
by the action of acid on a caiMnate with or 
without the addition of a foam stabiliser. 

As carbon dioxide is eesentul for plant life 
and is the source of plant sugars, its use has 
been suggested as a plant fertiliser, but there 
are differing news on this use of carbon dioxide 
It has been found that the yields of tomatoes 
and cucumbers under glass have been increased 
by 20% and 16% respectively following treatment 
for 1-2 hours daily in an atmosphere containing 
0 6% carbon dioxide for tomatoes and 0 9% 
for cucumben The carbon dioxide necessary 
can be obtained from the flue gases of the boiler 
used for heating the glass house by absorbing 
the gas in an alkaline carbonate solution and 
liberating the pure gas by beating (see Owen, 
Small, and Williams, Ann Appl. BioL 1926, 13, 
560). The use of carbon dioxide for fertilising 
fields by increasing the amount of this gas in the 
atmosphere has b^n tned, but the results are 
doubtful Two methods have been u*ed. the 
first by adding carbon dioxide gas to the atmo 
sphere and the second by generating carbon 
dioxide on the ground by the use of specul 
manures containing peat, charcoal and man- 
ganese peroxide. It is quite likely that the 
production of carbon dioxide by the fermenta- 
tion and decay of farmyard manure is an 
important factor in its use. 

While the application of carbon dioxide 
appears to have possibibties as a fertiliser, a 
po^ deal more work is necessary before con- 
ditions for Its use can be laid down (see SliUer, 
•• Plant Physiology," 1931). 

The npening of apples m storage can be I 
retarded by the use of carbon dioxide, and in an j 
atmosphere containing up to 10^^ carbon dioxide ! 


apples and some other frmt may be kept in 
condition long after their normal season. 

^rbon dioxide is readily absorbed by alkalis, 
and caustic soda or caustic potash Eolations 
are used to absorb the gas in quantitative 
determinations, the alkab usually being titrated 
nitJi acid using a suitable indicator. For the 
determmatioQ of small amounts, such as occur 
m atr, excess of banum hydroxide solution is 
used as the alkali ; the carbonate is deposited 
and the solution back titrated with acid usmg 
phenolphthalein as the indicator. 

Recording uutruments for use on kiln gases, 
boiler flue gases, etc., are often uoed. Some of 
them make use of a difference m viscosity 
between air and the flue gas. small fans in each 
of the gases bemg rotated by an electnc motor. 
Others use a katharometer in which the heat 
Joss from an electrically heated wire is measured, 
and another depends on the variation in electncal 
conductivity' of a solution of banum bicarbonate 
m equilibnum with a saturated solution of 
banum carbonate. 

Liquid and Solid Carbon Dioxide. — 
Carbon dioxide, when compressed and cooled, 
forms a bquid which is sold m cylinders and u 
used for the manufacture of mineral waters, 
and in fire extinguishing apparatus, etc 

For the purpose of making the Lquid, the gas, 
punfied as previonsly desenbed, is compress^, 
osoaffy u> three stages (60 ib. per sq. is , 400 Jh., 
and 900 Ib }, with a drying process usmg either 
tobd calcium chlonde, (ilica gel, etc , or by 
coobng between the tot two stages. Drymg 
IS necessary, since carbon dioxide forms hydrates 
with water. At ordinary temperatures bquid 
carbon dioxide dissolves about 0 04% water, 
and at 10"C. this separates out as the hexa- 
hydrate, CO{,6H{0, which is bable to cause 
cooking of pipe hues, etc. The gas leavhig the 
final stage of the compreasor is cooled, when 
the bquKl carbon dioxide separates. Liquid 
ammonia is often used for coobng the carbon 
dioxide gas or bquid before its expansion. 

When tjie liquid is expanded, sobd carbon 
dioxide enow is formed and in recent yean, a 
considerable amount of sobd is made in this 
wax and used mainly for refrigeration purposes. 

I Although first produced over 100 years ago, 
the sobd was first made commercuUy in 1924, 
since when the output has been enormous. 
'The original method of manufacture was to let 
I down bquid carbon dioxide to atmospheric 
I pressure and to press the solid snow mto blocks 
I In this way, 1 ton of bquid gave 0 353 ton of 
sobd with a power consumption corresponding 
to 208 k.w.h. per ton of solid. By making use 
of the phase diagrams and applying thermo- 
dynamic pnnciples, howexer, the liquid is now 
let down in stages, and the power requirements 
bax'e been reduc^ to 145 k.w.h. per ton of 
sobd (Littler, J.S C.I. 1933, 52. 633). 

Since solid carbon dioxide, known as Jry ice 
and under various other trade names, is used 
as a refrigerant and often is in direct contact 
with foodstuffs, its punty is of paramount 
importance, particularly as impnnties tend to 
concentrate m the bquid and sobd and very 
small quantities of some organic and relphur 
compounds may give the dry lee an objection- 
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able smell. (Some impurities from industrial 
gases have to be reduced to less than 1 part 
per million.) Jlost of the methods used for 
purifying earbon dioxide gas have been given, 
but, in addition, the oil used for the lubrication 
of the compressors may cause serious contamina- 
tion of the solid. A refined, odourless mineral 
oil or glycerine is used for lubrication, but care 
has to be taken that no overheating takes place, 
since this may cause the lubricants to decompose 
and result in an objeetionable impurity. 

Por the JloUier curves for the solid-liquid-gas 
system, a knowledge of which is very important 
for the detailed understanding of the processes 
for the manufacture of solid carbon dioxide, see 
Maiuri (Ice and Refrigeration, 1936, 90, 74). 

In the Prick process for the manufacture of 
solid carbon dioxide, cooled liquid carbon 
dioxide at about 1,100 lb. per sq. in. is admitted, 
through a special expansion nozzle, into a cast 
steel cylinder closed wuth a movable h‘d at the 
top and by a hydraulically operated piston at 
the bottom. The admission of liquid is con- 
tinued for a definite period (a few minutes) 
depending on the size of the cylinder, and when 
sufficient carbon dioxide has been expanded, the 
liquid supply is cut off and the bottom piston 
raised in order to compress the snow into, 
usually, a square block. The lid is then removed 
and the solid block ejected. The gas evolved 
during the process is used to cool the inlet 
liquid. 

The Carba process does not make use of 
hydraulic pressure in order to make the solid 
blocks. In this process the converter has a 
filter cloth at the top and bottom and liquid 
carbon dio.xide at about 1,100 lb. per sq. in. is 
expanded through a special nozzle into the 
converter. A mixture of solid and liquid carbon 
dio.xide thereby collects on the bottom filter 
cloth, the surplus gas being compressed in two 
stages and returned to the system. When 
sufficient wet solid has been collected, a final 
charge of liquid is admitted to ensure the 
complete wetting of the soh'd. The inlet and 
exit lines are then closed and a bottom valve 
opened ; this allows the pressure to drop 
suddenly and the liquid to solidify, forming 
one completely solid block which drops from the 
bottom of the chamber. The gas evolved from 
this stage is returned to the low-pressure part 
of the system. The uniformity of the solid 
produced by this process depends on a careful 
control of pressures and rates of flow. The filter 
cloth at the top of the converter is used to 
prevent solid from choking the exit gas lines. 

The Rniuri process makes use of liquid 
ammonia for the cooling of the compres.sed 
carbon dioxide and is claimed to be more 
efficient than older processes in that the pro- 
cess is tlicrmod^-namicallj- reversible whereas 
the others are not. In this process the carbon 
dioxide, coniprcs.«c<l to a pressure of So lb. per 
sq. in., is cooled with water to remove the heat 
formed by compression. Tlie gas is then cooled 
further by ammonia vapours from an ammonia 
evaporator and then passes into monld.s cooled 
by the evaporation of liquid ammonia at a 
pressure of about 3 lb. per sq. in. absolute and a 
tempcniturc of about -CO'C. The temperature 


and pressure conditions are such that the 
carbon dioxide, under a pressure above the triple 
point pressure, is frozen solid, passing momen- 
tarily through the liquid state, giving a dense 
ice instead of carbon dioxide snoxv which ■would 
have to be compressed. Liquid carbon dioxide 
at a temperature of about — 50°C. and at a pres- 
sure of about 100 lb. per sq. in. can also be 
made in a similar way. The evaporated 
ammonia is absorbed by weak ammonia liquor 
from which the liquid ammonia is subsequently 
produced by heating under pressure and con- 
densation of the ammonia gas evolved. 
description of the process is given by IMaiuri in 
Ice and Refrigeration, 1936, 90, 74. 

The solid is usually sold in the form of rect- 
angular blocks -weighing about 50 lb. each or 
in the form of cylinders 7 in. diameter, 14 in. 
long, weighing 25 lb. 

Dr 3 ' ice passes directly into gas under an 
external pressure pf 1 .atm. of carbon dioxide, 
since the triple point is at a pressure greater 
than 1 atm. and, if the pressure of gaseous 
carbon dioxide is altered, the temperature of 
the solid varies. For this reason, the density 
of blocks of drj’ ice is usually made less than the 
maximum possible (actually about 1-4) so that 
the material is plastic to a small extent. Hence, 
when a block is moved about, the temperature 
drop ■^vhich occurs on the outside of the block, 
although causing a certain amount of shrinkage, 
does not result in the block fljdng to pieces, 
since the material is plastic enough to allow the 
shrinkage stresses to be taken up. 

Solid carbon dioxide passes directly into gas 
under ordinary conditions at a temperature of 
— 78'’C. giving a very clean and convenient 
source of low temperature for refrigeration 
purposes. Weight for weight, dry ice is about 
twice as effective for this purpose as water ice, 
and about three times on a volumetric basis. 
The solid is easy to handle in spite of its low 
temperature, bcc.ause of its high latent heat 
and density, and because of the insulating 
properties of the blanket of heavy carbon 
dioxide gas surrounding it. In practice, with 
special containers making use of the insulating 
properties of the gas, the loss on storage is less 
than 1% per day and tlie length of storage is 
limited by the growth of solid carbon dioxide 
crystals which make the block mechanically 
weak. When transported in special railway 
containers, the loss is stated to be about IJ% 
per 24 hours. 

The advantages of dry ice over water ice for 
refrigeration jiurposcs are that the drx- iec is 
much cleaner to deal with, it is a more efficient 
refrigeration agent because of its lower tempera- 
ture, and it can be mixed in intimate contact 
with foodstuffs. Its use has the further advan- 
tage that owing to its effect on bacteria, food- 
stuffs, etc., do not decay as fast in an atmosphere 
of carbon dioxide as they do in air at the same 
temperature. Sfnec it takes about fifteen times 
as much power to make dry ice !is water ice, the 
cost of the former is considerably higher, weiglit 
for weight, than the latter. ° 

Apart from refrigeration, solid carbon tlioxide 
is replacing the liquid form where tlie gas is used 
[for carbonating mineral waters, etc., since owing 



32S 


CARBOX DIOXIDE. 


to the absence of a heavy container necessary 
for the IjqUK). the transport charges are reij 
mceh lower when the solid is used. When used 
for carbonating, the blocks of dry ice are placed 
jn a high pressure container and heated with 
steam, when the gas is eiohcd under pressure 
(s‘e Chera. Trade J. 1028. 82, 302 ; Uttler. 
le ; Reich, Chem. 3Iet. Eng. 1931, 33, 136, 
271) 

Tlie use of dry ice as a means of obtaining 
“ shrink fits ” in engineering worJe has also been 

Liquid carbon dioxide is used as a fire ex- 
tmguisher, the soL'd being produced by its 
evaporationand directed tlirough a special nozzle 
on to the fire It is claimed that it is possible to 
walk through a moderate fire if this type of 
apparatus is used, by taking advantage of the 
local cooling effect produced by the evaporation 
of the solid 

It has also been proposed that liquid carbon 
dioxide should be used for blasting and roining 
operations, particularly in cases where there is a 
risk of fire if ordinary explosnes are used. The 
principle u<>ed is to heat electrically or chemicall} 
a special cartridge containing liquid carbon 
dioxide and fitted with a disc which shears at a 
pressure of ICk-lS tons per sq in. The shearing 
pressure can be \aned according to the require- 
ments, and It IS claimed that this method of 
blasting gives a true heaving action as distinct 
from a shattering action, resulting, m the case 
of coal mining, in the production of larger lumps 
and a smaller quantity of fine coal The dis 
ad>antagea are that a larger bore hole is 
required and that additional transport costs are 
involved (sie CoU, Guard. 1927, 135, 286; 
1028. 137,238, Chem Traded 1929,85.618, 
Iron and Coal Trades ReMCw, 1930, 120, 724) 

The liquid has also been used for dnnng 
torpedoes and for raising sunken ships 

S W. S 

CARBON DISULPHIDE. Tbiocarbomc 
anhjdnde, sulphocarbomc acid, CS, 
Imroductios, 

This compound was discovered by Larapadius 
in 1796 by heating sulphur with charcoal. 
Clement and Dcsormes m 1802 obtained the 
same product by treating red-hot charcoal 
with elemental sulphur. Its chemical com- 
position was established by Vauquelin. 

Developments in the methods employed for 
manufacturing carbon disulphide have followed 
very circumscribed routes, and even to day the 
onl^ chemical reaction known to be in successful 
commercial operation is that by which it was 
discovered. Many attempts, which will be 
detailed later, have been made in the last 
few 3 ears to devise other technical methods of 
production, but none of them, so far as is known, 
has gone be3 ond the laboratory or the semi-plant 
stage. The actual technique of carrying out the 
direct 83'nthesi3 has, however, advanced seiy 
considcrabi}* in the hsl few decades, largely due 
to the me of the artificial silk industry, since 
carbon disulphide is one of the raw matenah 
of the vi'cosc jirocess and the increased demand, 
and high imnt3- of the product required by this 


new indu8tr3- has called for increased attention 
to the manufacture and rectiRcatioa thereof. 

Until the beginning of the present century the 
onl3' commercial method in use was that in 
which reaction took place in retorts made of 
refractory firebrick or cast iron which were 
heated externally by either coke, wood, or 
producer gas, but in 1901 a revolutionaiy change 
was introduced b3’ the Ta3 lor electric furnace 
process, m w hieh the heat necessary for reaction 
was supplied from inside the furnace instead of 
from outside, as formerl3’. Manufacturing 
progress has advanced since 1900 along two main 
paths depending on relative costs of power and 
combustible fuels. In districts where cheap 
power 18 available there is no doubt that the 
electric furnace process has many attractions, 
but in general it can be stated that far more 
carbon disulphide is still made in externally 
heated retorts than by the electrothermal 
method. 

The crude carbon disulphide formed in the 
retorts of either the electric or gas-heated 
process contains sulphur compounds as im- 
purities, and careful purification is necessary 
before the product is fit for sale. Early 
purification methods usually depended on a 
combination of chemical and physical opera- 
tions for the removal of these impurities, but 
recent developments have tended towards 
purely physical separation by distillation 

Maucpactiire is ExTEBSAiiY Heated 
Retorts. 

(a) Development of retort process,— 
C. Bnionsrin 1829 (Pogg. Ann. 1829, 17, 484) 
described the first apparatus to make carbon 
disulphide in quantity. Thia was constructed 
ofgraphite and produced 12 to H oz of product 
in 2 hours Brunner referred to the possibility 
of increasing the scale of his operation, and his 
apparatus IS mterestinges it forms thohssisofslJ 
subsequent externally heated processes 

Sofarotter in Germany (Ann Chem. u. Pharm. 
1841, 34, 297) adianeed the manufacture by 
using an earthenware retort 2C-2 cm diameter 
by 02 8 cm. high, glazed internally, which was 
filled with charcoal and provided with a bottom 
inlet for molten sulphur and a top exit for 
carbon disulphide i apour. This apparatus 
made SO kg. of product m 12 hours. 

Chandclon (Dingl poly. J. 1848, 109, 352) 
used a grey pig-iroii cylinder 20 cm. diameter 
by 70 cm. high and a zinc condenser which 
produced 6 Ltres of impure carbon disulphide in 
0-7 hours from 2 5 kg. wood charcoal and 10-13 
kg. sulphur. 

Rapid progress was made in France between 
It>40 and 1800 by Peronccl, Dciss, ond Gerard, 
Pcroncel (Payen'a Precis Cfaini. ImlustneUe, 

I Pans, 2nd ed , 1831, 98; Dmgl. Poly. J- 

1 I8ol, 120, 91) constructed a cast-iron cylinder 

2 m. high by 30 cm. diameter by C cm. wall 
thickness, and using either stoneware or zinc 
I condensers produced 100 kg. of carbon di- 
sulphide per tlay. Every 5-8 days, however, the 
retorts become corr^cd through and had to be 
renewed. 

Deiss (Dingl. Poly. J. 1850, 140, 133; I8CI, 
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159, 436; Compt. rend. 1856, 42, 207) used 
earthenware or cast-iron retorts, 1 m. high by 
40-50 cm. diameter mounted singly or four 
together in one furnace which was heated by 
furnace gases. Each retort was divided internally 
into two parts by means of a perforated shelf, 
the upper compartment being used as a charcoal 
container, and the lower serving as a sulphur 
vaporiser. 

Charcoal was fed into the upper compartment 
at intervals of about 7 hours and after it had 
been heated for If hours in the retort, sulphur 
was fed at a known rate into the bottom portion 
of the casting and distilled upwards through the 
red hot charcoal to form carbon disulphide, 
which together with unconverted sulphur escaped 
to the condensers. The crude product contained 
10-12% dissolved sulphur and was condensed 
in a long train of 18-20 cylindrical sheet zinc 
condensers which were luted into water to trap 
condensed liquid while the uncondensed vap'ours 
passed forward to the final plant exit after 
scrubbing through lime to remove sulphuretted 
hydrogen. Figures given by Deisa showing 
the increase in output and decrease in market 
price of carbon disulphide are interesting. In 
1840 the price was 50-60 francs per kg., but by 
1848 had fallen to 8 francs per kg. In 1856 the 
output had risen to 500 kg. per day from three 
furnaces and the selling price was 50 centimes 
per kg. 

Gerard (Payen’s Chim. Industr., 4th ed., 1859, 
128) introduced retorts with an elliptical cross 
section in order to increase the available heating 
surface for a given volume of heated charcoal 
and by so doing made a very important 
improvement in the design of carbon disulphide 
retorts. Since charcoal is a very poor conductor 
of heat and it is essential to ensure that the whole 
contents of the retort are at a uniform tempera- 
ture, any method whereby this can be achieved 
without increasing the flue temperature outside 
the casting must inevitably result in a con- 
siderably increased retort life. Gerard’s cast- 
iron retorts were OJ ft. high, 4 ft. 8 in. by 
1 ft. 6 in. in cross section, with a wall thickness of 
1} in. ; and produced .about 570 lb. of product per 
daj- at a claimed efficiency of 90% on sulphur 
and 40% on raw wood charcoal employed.. 

When using unrefined sulphur the retorts 
needed cleaning every fortnight, but on purified 
sulphur thej’ could be kept working for two 
months. 

Galj'-Cazalat and Huillard (B.P. 2085, 1857 ; 
Dingl. poly. J. 1858, 149, 31) constructed an 
earthenware apparatus of a new type in which 
the heat necessary for reaction was provided by 
burning part of the charcoal charge in the lower 
part of the furnace to which molten sulphur was 
fed at the top. This process would be both 
expensive in fuel and dangerous to operate owing 
to risks of explosion. 

A plant erected at Swozowice, -near Cracow, 
by the Austrian Ministiy of Agriculture to 
provide supplies of carbon disulphide for use in 
the wine industry for destroying Phylloxera 
(vine-louse) was described bv Navratil (Dingl. 
poly. J. 1878, 227, 289), IVinkler (ibid. 1878, 
228, 366), and Mrowee (ibid. 1879, 232, 86). 
Sulphur was extracted 63’ means of carbon 


disulphide from a local earth containing 
14-15% sulphur and was then converted into 
carbon disulphide by the ordinary process in 
earthenware retorts 2-25 m. high and elliptical in 
cross section (1-33 m. by 0-95 m.). The. crude 
product containing 8-10% of dissolved sulphur 
was purified by distillation. 

The earthenware retorts were very unsatis- 
factory and could not be prevented from leaking, 
and, in addition, they needed to be cleaned 
out every fortnight owing to accumulation of 
impurities. This plant did not work long, and 
was replaced by a more modern installation at 
Zalatna in Hungary, described by Farbacky 
(Z. angew. Chem. 1893, 7, 225) which operated 
with cast-iron retorts 2-62 m. high, elliptical 
cross section (1 m. by 0-56 m.), and lined in- 
ternally wdth a 2-5 cm. layer of refractory 
paste to protect the metal. These were mounted 
in firebrick settings heated by gas, and had an 
average life of 8 months with a maximum varia- 
tion of 2^15 months. Two earthenware 
retorts in this plant lasted only 4 days each. 

Manufacturing practice in this country in 
1870-90 was described by Singer (J.S.C.I. 1889, 
8, 83). Cast-iron or earthenware retorts were 
used about 6 ft. 6 in. high, elliptical cross-section 
20 in. by 12 in., and had a wall thickness of 
about 2 in. Each retort was surrounded by 
a 4-in. mantle of firebrick, with a space of 
from J to J in. between it and the retort to 
protect the metal from flame impingement, 
the settings being coal or coke-heated. Sulphur 
was melted in a cast-iron box heated by flue gas 
from the setting and the liquid sulphur was 
run by gravity into the bottom of the retort 
through a side arm which protruded through 
the furnace wall and was closed by a door. 
This side arm also served for removing charcoal 
ash from the retort once a week. A lid 
with two branches or hoppers' was fitted to 
the top of the retort casting, and while one of 
these was used to vent the retort to atmosphere 
while cleaning or charging with charcoal, 
the second provided the opening through which 
fresh charcoal could be fed to the retort. 
A further branch pipe led away from the 
charcoal feeding hopper at an angle and con- 
ducted the carbon disulphide vapours to the 
condensing system through a capacity vessel 
which served to trap excess sulphur coming 
forward from the retort. Condensation of the 
vapours took place in a 30-ft. Liebig’s con- 
denser luted into water, under which the heavy 
carbon disulphide was collected and run to 
storage tanks while the uncondensable vapours 
were passed up a tower fitted with shallow 
tra3's over which vegetable oil was circulated to 
absorb residual carbon disulphide vapour. The 
oil was distilled to recover the carbon di- 
sulphide and was then returned to the S3’stem. 
Sulphuretted h3’drogen was absorbed in a similar 
tower fed ■with milk of lime and the sweetened 
exit gas then passed to atmosphere. 

Each retort made from 4 to 5 cwt. of carbon 
disulphide per day, but it is not clear whether 
the crude condensate from the Liebig’s condenser 
was re-distilled to remove sulphur which would 
inevitabh- be present. Singer’s paper is 
interesting as it provides an earl}' reference to 
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the practice of pre-roasting charcoal before' 
charging to the retorts. Holt and Hillard 
(B.F. 14912, 1895) claimed an increase in yield 
of carbon disulphide from the ordinary cylin- 
drical retorts by using an additional take off 
pipe at the bottom of the retort, thereby alloir- 
mg, at will, the reaction gases to pass more than 
once over the heated charcoal before passing to 
the condenser. This process could not be 
successful owing to the continued reversal of 
direction of flow. 

Scheuer (Z. angew. Chem. 1900, 14, 152) 
summarised a number of statistics on carbon 
disulphide manufacture, and also described its 
ntes in detail. A plant constructed by Eckelt 
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was descnbeil by Schuberg (Z chem. Apparaleo- 
kunde, 1905, 1, 10), in uhich Sebamotte 
(refractor}' claj ) retorts were used. The import- 
ance of this pa{>cr lies in the fict that it is 
the first reference to raporisation and pre- 
heating of sulphur in n preheater evternal to the 
main retort, and m.irks n big step forward in the 
manufacturing technique. 

Courtaulds, Ltd., and A E. Dclph (B.P. 
180175, 1921; G.r. 304524; B.P. 549351; 
U.S.P. 1754708) attempt to decrease the 
corrosive attack of sulphur vapour on iron at the. 
high temperature of reaction b} coating the 
inside of the retort u ith a thin lai cr of aluminium 


produced by the following procedure. This 
retort U one third to one-haJf filled with a 
mixture of 93 parts by u eight of granulated 
olununium, 5 parts of aluminium oxide, and 
2 parts of ammonium chloride, and then 
rotated under lacuum about a horizontal axii 
for 3 hours ut 800'C. in order to fix the aluininiam 
firmly to the iron surface. If the coating then 
produced is insofficienfly thick, the process is 
contmued at 850“C. for a further 3 hours 
It 13 very difficult to ensure a completely uniform 
alummtsed layer on east iron and if corrosion 
starts at a fault in the aluminium, the iron 
sulphide formed underneath the surface Ia 3 er 
rapidly causes blistering of the whole protective 
surface and destroys its usefulness 

Considerable attention was paid to the manu- 
facture of carbon disulphide in Germany after 
the war and rapid progress towards really 
eflicient plants was made, especially by the I G. 
Farbenindustne and by Zahn & Co , of Berlin 

The fundamental advance made by the IG. 
workers was in the direction of increased 
throughput per retort, and a senes of patents 
was taken out on the superheating of sulphur 
prior to entering the mam reaction chamber. 

The master patent covering the general pnn- 
ciple of superheating sulphur is GP. 521347 
(BP. 237716, F.P. 683319; Swiss P 117161), 
by £. Legeler, and claims the separate evapora- 
tion and superheating of sulphur pnor to its 
entering the retort which is heated to reaction 
temperature. 

Patents of addition to the above described 
apparatus for carrying out the operation. 
In the first of these (G.P. 521336, 1026; B P, 
282049; F.P. 34609, 1928, US.P. 1703181) 
the sulphur superheater consists of a pipe 
arranged inside the retort setting alongside the 
mam retort, of length calculated to give the 
requisite heating to the molten sulphur which is 
fed into It from a melting vessel situated 
above and outside the setting The second 
addition patent (G.P. 478378, 1027, BP. 
291382; F.P, 36081, 1028) deals with a sulphur 
preheater which is cast as on integral part 
of the mam retort but separated from it by a 
retaining wall, the only communication between 
the eupeehcating chamber niiti the mam retort 
being by moans of an opening at the bottom. 
This design of retort is illustrated b}' Figs 1 
and *, taken from the patent siieciflcations, 
which ebon a lertical section through the retort 
and a plan respectively. 

A indicates the mam retort and B the 8U])cr- 
heater made as one piece in either cast iron or 
cast steel, but with a separating wall as shown 
Both retort and superheater arc Lncd with 
refractory brick m order to protect the casting 
from the action of the sulphur vapour, and the 
superlteator is either jjJcJied iiith earthenware 
Raschig rings or fitted with baffles C m order to 
increase the heat transference to the molten 
eulphiir and to increase its time of passage 
through the superheater. The sulphur then 
flows in n zigzag path tlirougli the superheater, 
passing from LalUeto baffle by means of staggered 
slots indicated by D. 

A farther addition patent (O.P. 472J^9; 
B P. 300579) describes separately heated BUi>er- 
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heating retorts of roughly the same shape and 
one-third to one-half the size of the main 
retort. The superheaters are arranged in the 
retort bench so that one of them can deliver to 
one or two main retorts. Suitable internal 
filling materials such as broken firebrick, earthen- 
ware rings, etc., may he used to increase the 
available heating surface of the superheater. 

Koref in 1910 (p. 341) had shown that the 
reaction between carbon and sulphur vapour, 
both initially at about 850°C., is exothermic. 
The large negative heat of reaction found when 
the starting materials are at room temperature 
is almost entirely due to the large negative 
heats of dissociation of the sulphur molecules 
Sg and Sg in passing from the vapour phase at 
440° to that at 850°C., where dissociation to 
is almost complete. In all early plants for 
manufacturing carbon disulphide, the sulphur 
was fed to the retorts as liquid at about 140°C. 
and had i.o be preheated to reaction temperature 
in the lower part of the charcoal bed under very 
inefficient conditions of heat transfer. This 
inevitably reduced the carbon disuiphide pro- 
dubing capacity of the unit, since a large pro- 
portion of the mass of hot charcoal was below 
reaction temperature. By designing apparatus 
in which sulphur could be vaporised and super- 
heated to 850°C- or thereabouts' before coming 
into contact with charcoal a very considerable 
increase in output per retort was immediately 
achieved at the expense of operating and main- 
taining the vaporising equipment, which, 
if properly designed, could be made relatively 
small compared with the size of the retorts 
themselves. 

The well-known chemical plant manufacturing 
firm of Zahn & Co., G.m.b.H. (Berlin) have 
several apparatus patents, the chief of which are 
summarised below : 

G.P. 433588 (1925) which proposed to increase 
the heating surface and also the life of elliptical 
retorts by widening out the bottom portion and 
by casting ribs into this widened base in order to 
obtain more rapid vaporisation of the sulphur. 
The ribs are found to be unsatisfactory in'prac- 
tice owing to the tendency for slag to accumulate 
between them with consequent increase in 
difficulty of cleaning and decrease in heat trans- 
fer through the slag layer. 

G.P. 467929, 1925 (B.P. 261990, 1926 ; P.P. 
672766, 1929), describes a complete continuous 
process in which the sulphur is freed from 
impurities by melting in a box provided at its 
lower end with two compartments, one working 
and one spare, which serve ns separators for 
both heavy and light impurities. Molten 
sulphur thus purified overflows from the middle 
of the separator into the base of a retort of 
elliptical cross-section of the type described in 
the previous paragraph, broadened at the 
base u-ith ribs cast in the broadened portion 
in order to increase the heating surface. Carbon 
disulphide thus formed is led fo a continuous 
distillation plant which is described in detail in 
the section on purification. 

G.P. 489934 (1927) claims the production of 
carbon disulphide in small, elongated, vertical, 
cast-iron retorts which are tiled internally. 

A description of a modern Zahn plant with 
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photographs is given by Schofield (Chem. Age, 
1932, 27, 504). 

In America, Griswold and the Dow Chemical 
Co., hlidland, hlichigan, U.S.A., have four 
patents (U.S.P. 1705619; 1719509, 1929; 

1785080, 1930; 1848346, 1932) dealing with 
methods and apparatus for preheating sulphur 
prior to feeding to vertical retorts of the ex- 
ternally heated type. Various designs of pre- 
heater are described, e.g. preheaters cast in 
the base of the retort as an integral part of the 
casting, preheaters built separately into the 
furnace setting and connecting to the base of the 
retorts, etc. Eor details, see the patent specifica- 
tions. 

The use of earthenware retorts persists to the 
present day in certain countries, e.g. Spain and 
the Balkans, and several articles have appeared 
recently describing the operation of such 
installations in Spain. Bohle (Chem.-Ztg, 1924, 
48, 785; ibid. 1931, 55, 198) and Caddick 
(Chem. Age, 1928, 19, 536) give details first of 
the use of carbon disulphide for extracting olive 
oil from the husks of olives after pressing 
(p. 343), and secondly of its manufacture. The 
retorts are of earthenware made on the site, 
and are 2 m. high by 0-5 m. diameter by 15 cm. 
wall thickness, arranged four in a furnace and 
heated by coal. Pine charcoal in pieces 4 in. 
diameter is fed in at the top, and solid sulphur 
is charged from the top through a 3 in. diameter 
refractory tube leading to the underside of a grid 
fixed 8-10 in. from the retort bottom where it 
vaporises and rises through the charcoal placed 
on the grid. 

Bohle (l.c.) gives data as to production and 
yields from these earthenware retort plants as 
follows : 

With 20 retorts, sulphur being fed to the 
battery at the rate of 600 g. every 4 minutes for 
6 hours, followed by a pause of 2 hours during 
which no sulphur is fed, and so on ; thus feeding 
sulphur at the rate of 3,240 kg. in 24 hours, 
3,000 kg. per day of crude carbon disulphide is 
produced. The yields are not so bad as are 
generally expected from the older types of plant, 
the usage of sulphur per ton of pure carbon 
disulphide being 1-17 tons, compared -with an 
average of 0-95 ton sulphur per ton with a modern 
tiled cast-iron retort installation. Retorts 
are stated to last often from 2-3 years and cost 
only about 600 pesetas (£37) each. 

(5) Discussion of retort process. (1) Se- 
torts . — It has been shown how the retort 
process developed relatively slowly from the 
early stages of manufacture until quite recently, 
the original retorts made of earthenware being 
replaced first by cast-iron retorts and latterly 
by castings lined internally ■\rith fireclay tiles; 
while in some places the original method is still 
in use. 

The main problem confronting the manu- 
facture of carbon disulphide is the intensely 
corrosive nature of sulphur vapour, especially 
above 600°-700°C. Since the only metal knonm 
to be inert to sulphur, ■\'iz., aluminium, is 
unsuitable for these temperatures, and since 
all metals containing iron are readily attacked, 
the problem is serious. 

Cast iron has been used almost exclusively for 



332 


CARBON DISTJLPfflDE. 


retort manufacture on account of its cheapness, 
since mild steel is not capable of icithstwding 
the temperatures employed {900°-950'C. with- 
out softening), but the former must be protected 
by an internal lining of firebrick tiles which 
immediately reduces the heat transfer through 
the retort vails. Also in order to obtain the 
reqmsite degree of strength m a retort 10-12 ft. 
high by 2-3 ft. diameter, the wall thickness 
must be at least 2-3 in , which necessitates 
verj- heavy castings A further objection to 
cast iron is its “ growth ” at high temperatures, 
which may be as much as 6-8 in in a 12 ft. 
casting, and causes senous difiieulties if rigid 
connections are required between the retorts and 
the condensing equipment. 

Attempts have been made to work with cast 
steel, or special alloy steels of much greater 
tensile strength than cast iron, which can there 
fore be made in thinner metal, but the decreased 
weight and only shghtly increased life of 
such retorts are more than oflaet by the 
considerably greater initial coat of the alloy 
steels per unit weight. 

The fundamental objections to the primitive 
earthenware retorts are, first, the difficulty of 
making them completely gas-tight, and secondly, 
the limitation in size caused by the material 
itself, which adds considerably to the operating 
costa when small units haie to be employed. 

Further, the relatively enormous wall thick- 
ness {G in. for 18 in. diameter retorts in Spam) 
neces8ar> for stability increases the beat wastage 
considerably owing to the poor conductivity of 
earthenware. 

An elliptical cross section is of importance 
in providing both a stronger retort and an 
increased surface area through which heat can 
be transmitted from the furnace to the interior 
of the charcoal bed, and the best modem practice 
uses cast-iron retorts about 12 ft. long, elbptical 
in cross-section with aves about 4 ft by 
1 ft 6 in , and wall thickness 3 in., lined 
mtrmally with J in thich tongued and grooved 
firebrick tiles which are set in special cement 
The castings are provided with a side opening 
near the bottom for remoi al of impurities 
and addition of sulphur, either as liquid from s 
luted feed box situated in the front wall of the 
furnace or as vapour from a boiler and super 
heater adjacent to the retort setting A top 
casting bolted to the mam retort is provided 
with side outlet for the csrbon disulphide 
vapour and a top hopper into which pre 
heated charcoal is fed to the retort at intervals. 
The retorts are mounted singly, or two or three 
together in a suitably designed furnace setting, 
and are fired externally by burning producer 
gas or other suitable fuel with air in a com 
bustion chamber so designed that the whole area 
of the walls is uniformly heated Great o.-ire 
must be taken to ensure that no direct fl.amc 
impinges on the castings, as the life of tho latter 
is considerably decreased by local overheating. 

The av erage life of a good tile-lined retort which 
has been used carefuUy, and in which the tiles 
have been carefully set, is about 8-10 months, 
although certain cases are known in which a life 
of 18-20 months has been atfainetf. ft is in-' 
advisable to allow a retort to cool down to 


ordinary temperatures after a period of use if it 
is to be restarted, as by this procedure the tiles 
tend to become loosen^, and attack of the iron 
sets in more rapidly after production is te 
commenced. 

The feed of sulphur to each retort must be 
intemipted for some hours at roughly three- 
weekly Intervals for cleaning purposes. This 
operation consists of opening the door on the 
side opening at the bottom of the casting, 
caking out all the charcoal and ash left m the 
unit, and then slicing down the walls w ith chisel- 
ended pokers to remove wood ash which has 
partially fused to the tile hning. If not removed 
this ash causes arching of the charcoal and 
severely decreases both the heat transference 
through the retort walls and the available 
retort space in which reaction can take place. 
The operation is a verj* unpleasant one, as small 
quantities of sulphur inside the retort 
immediately ignite when the retort is opened 
and the sheing is normally carried out in 
an atmosphere seriously contaminated by 
suffocating sulphur dioxide fumes 

(u) Sulphur. — Purit> of the sulphur to be 
us^ for carbon disulphide manufacture is of 
fundamental importance owing to the accumula- 
tion of sihceous and carbonaceous residue from 
impure sulphur which settles out either in the 
retort bottom if liquid sulphur is fed direct to 
the retorts, or in the vaporising equipment 
if sulphur vapour feed is employed 

In the majority of early retort processes the 
sulphur wasfed assobd into a cast-iron vessel sot 
into the brickwork surrounding the mam retort, 
and melted therein by radiation through the 
furnace wall. The molten sulphur then flowed 
continuously by gravity mto the bottom of the 
retort through a lute and was distilled upwards 
through the charcoal in the retort, where it 
rcact^ to form csrbon disulphide, which, 
together with sulphuretted hydrogen and other 
impunties, was led away to the condensing 
plant from an exit pipe at the top of the casting, 
in this process all impunties in the moltm 
sulphur passed into the base of the retort and 
settled there, forming a heat insulating layer on 
the bottom. In addition, a sticky mass of liquid 
sulphur and fine particles of charcoal collected 
in the lower part of the reaction zone owing to 
the poor heat transference retarding vaponsa- 
tion of the sulphur, and this complicated very 
considerably the regular routine operation of 
emptying and cleaning. 

The advantages over the old liquid sulphur 
feed which are obtained by feeding sulphur 
vapour to the retorts nre manifold. First, a 
considerably increased output per unit is 
obtaineil, since the amount of heat required 
inside the retort for preheating sulphur to 
reaction temjjcrature is greatly decreased, this 
effect being intimately connected with a con- 
Biderable economy in fuel and m the capital cost 
of an installation for a given daily output. 
G.P. 521337 of the I.G. describes this fact and 
claims that by regulating the quantity of sulphur 
fed, and the degree of superheating, the necessary 
temjieraturc can bo maintained by tho heat of 
reaction. 

In addition, any residue from tho sulphur is 
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collected in the vaporising equipment from 
which it can be cleaned out and disposed of 
conveniently without opening up the retort; 
and finally the fine charcoal ash in the base of 
the retorts is kept friable so that the retort 
cleaning operation is simplified. 

The cost of sulphur is the largest single item 
in the cost sheet for finished earbon disulphide 
and all possible methods of decreasing losses 
must be rigidly examined and adopted. One of 
these most serious losses occurs as sulphuretted 
hydrogen, which is formed by reaction between 
sulphur and residual hydrogen contained in the 
charcoal fed to the retorts. The formation of 
excess sulphuretted hydrogen affects the 
eificioncy in two ways : first because of the 
sulphur it contains, and, secondly, inasmuch 
as it finally leaves the plant saturated with 
carbon disulphide vapour which is difficult 
to recover as such, and which, by reason of its 
high vapour pressure and density, represents a 
high weight loss of product. 

(iii) Charcoal. — A good grade of lump beech or 
birchwood charcoal is used for carbon disulphide 
manufacture and a rigorous specification is 
necessary to ensure a uniformly high quality 
of material. Certain features must not be 
overlooked in purchasing charcoal, amongst 
which the following are considered to be the 
most important : 

(a) The ash content must be as low as possible, 
and not higher than 2% by weight. In order to 
ensure this, no bark must be present, and all 
pieces of charcoal must be clean and free from 
dirt. This significance of the ash content of char- 
coal is easily seen when reference is made to the 
retort cleaning operation previously described. 

(b) The particle size must be uniform, pre- 
ferably between 1 in. and 4 in. cube, without 
dust ; in order to prevent excessive packing or 
arching in the retorts and a uniformly even 
internal structure of the charcoal is essential. 

(c) The charcoal must have been retorted 
under carefully controlled temperature con- 
ditions, in practice between 400° and 500°C. 
If made from wood at higher temperatures, 
cracking of residual hydrocarbon oils takes place 
inside the charcoal structure and a very un- 
reactive product is formed, while at lower 
temperatures carbonisation is incomplete. 

Wood charcoal as purchased contains from 
80-88% carbon, 1-2% ash, 4-5% moisture, 
3-4% hydrogen ns hydrocarbons, and 5-10% 
oxygen which is present as an adsorbed carbon- 
oxj'gen complex of the type CxOy. Before 
this material can be used efficiently in the 
manufacture of carbon disulphide it must be 
pre-hcated to about 7o0°-S00°C. in order to 
remove all water, and as much as possible of the 
residual hydrogen and oxygen initially present 
in the raw charcoal. In the pre-roasting a 
considerable loss in weight occurs, and a good 
reactive batch of charcoal will lose up to 25% 
of its weight at S00°C., under which conditions 
the roasted product will contain from 96-5)7% 
carbon, 1-2% a.sh, 0-5-l-0% hj’drogcn, and 
1~2% o.xygen. This material is fed direct 
from the roasters into sealed containers which 
can be discharged into the carbon disulphide 
retorts out of contact with air. 


G.P. 453504, 1924 (B.P. 236577 ; F.P. 600136 ; 
Swiss P. 116810; U.S.P. 1615659) of the LG. 
Farbenindustrie covers the pre-heating of wood 
charcoal to 1,000°-I,200°C. in special pre- 
heating furnaces before use, but it should be 
noted that although a high pre-heating tempera- 
ture has the desired result of eliminating 
hydrogen and oxygen more completely from 
the charcoal, the reactivity of the latter is 
considerably reduced as the temperature is 
raised. A more useful patent of the I.G. 
(B.P. 283267, 1924) relates to a method of 
activating wood charcoal by the action of sulphur 
vapour at high temperatures ; any carbon 
disulphide formed in this activating process 
being collected and distilled. Other methods 
of activating charcoal have been proposed, 
among which may be cited U.S.P. 1992832 
(1935) by Mootz in which the material is im- 
pregnated with a small quantity of caustic soda. 

Several attempts have been made to eliminate 
the trouble eaused by incipient fusion of 
charcoal ash on the walls of the retort. G.P. 
492318 (B.P. 333090; F.P. 682843; U.S.P. 
1795132) of the I.G. refers to the addition of 
inert infusible material such as silica, bauxite, 
etc., to the charcoal in quantities up to 15% 
by weight, which acts as a collector for the ash 
and carries it away to the base of the retort where 
it can be removed by suitable means. A serious 
disadvantage of this method of dealing with the 
problem would be the increased quantities of 
material to be handled. 

A recent patent of the Chem. Fabr. Kalk 
G.m.b.H. (G.P. 605576) proposes to carry on the 
reaction with sulphur and charcoal mixed 
with inert materials such as bauxite or magnesia, 
and to supply the heat required by burning part 
of the charcoal charge. The use of an expensive 
raw material like charcoal fuel, apart from the 
danger involved, could not be justified on 
economic grounds. 

The monograph by Kausch “ Der Schwefel- 
kohlenstoff,” published by Julius Springer, 
Berlin (1929), contains very comprehensive 
information on all aspects of carbon disulphide 
manufacture. In it are quoted production 
figures (p. 128) for a retort plant as supplied by 
Zahn & Co., Berlin : 

CS 2 output per retort per day= 700-750 kg. 

Sulphur used per tonne CSj =950 kg. (90% 

yield). 

Dried wood charcoal per tonne 

CSj =210-220 kg. 

Coal lor heating retorts per 
tonne CSg =450—600 kg. 

Steam per tonne CS 2 =530 kg. 

Power per tonne CS 2 =13-3 k.w.h. 

(1 tonne= 1,000 kg.) 

It seems likely that the figures for retort 
output would be very considerably increased if 
sulphur vapour were fed to the retorts. 

Manufacture in Internally Heatcp 
Hetorts. 

(a) Development of the Electric Fnrnacerrocesa. 
— ^Thcjjriginal electric furnace for the produc- 
tion of carbon disulphide was designed by 
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E. R. Taylor about 35 years ago and operated 
by the Taylor Cheoueal Co., at Penn Van, 
N.Y„ America. 

Full details can be obtained from the Tarioos 


I^c. 5. 




patent specificationa (B F. 25162, 1901 : 16556, 
1902; G.P. 150826; 150980; 162623; FJ. 
324409 ; 3S435C; UR.P. 688364, 1901; 

702117; 805501; 871971, 1907) and from 


articles which have appeared from time to tune 
in the Lterature; ef. Taylor, Trans. .-Imer. 
Electrochem. Soc. 1902, 1, 116; 1902, 2, 
185; Z. Elehtrochem. 1903, 9, 079, 98 >| 
J. Franklin Inst. 1908, 165, 14J ; and also 
Ind. Eng. Chem. 1912, 4, 557, in which develop- 
meat of large size furnaces from smah-scaJe 
plant erected at Pittsburg in 1893 is outlmed. 

The essential features of the Taylor furnace are 
afaown in Figs. 3, 4, 5, 6 and 7, which are taken 
from the patent specifications. 

Pig. 3 shows a section m elevation through the 
electrodes, and Fig. 4 shows 'a cross section m 
elevation at right angles, the figures being taken 
fifotn the patent specifications. In Fig. 3 is 
shown the position of the electrodes d, D, 
near the bottom of the furnace shaft, which is 
represented as filled with charcoal ; in Fig. 4 
they are seen at d. At k (Pig. 3) are pipes 
through which are passed broken carbons, 
•-e. refuse from the factories of carbons for aic 
lights, for the purpose of reinforcmg the main 
carbons , these pass down, upon, and over the 
ends of the mam carbons, and convey the current 
from the electrodes to the charcoal. The 
intermediate conductive material protects the 
electrodes proper from the intense heat and 
eroding action and thereby prolongs their life. 
It also tends to steady the current, fluctuations 
being mainly dus to ranatioas in power and not 
tocbangea of resistance m the furnace itself The 
charcoal for the reaction is fed into the furnace 
through the opening (Fig. 3). Preferably 
four electrodes are used in this construction, 
supplied with two-phase altsmatuig current. 
Provision IS made for keeping the metallic 
portions of them comparatively cool by feeding 
cold sulphur on to them through the inlets show n 
u o <Fig. 3), and which can be replenished 
through the hoppers n, the sulphur passing 
into the annular chambers shown helow the 
hoppers, seen in detail m Figs. 5, 6, and 7. 
The intenor of the furnace is thus fiUetl with 
aulphur, which is gradually melted and finds its 
way to the reaction zone. By this construction, 
the heat that would otherwise be radiated 
from the external walls of the furnace is 
absorbed, and no outside Jagging ts needed. 
The furnace is 16 ft. in diameter and 41 ft. 
high It needs much less care and is easier to 
manage than one of the small uon or chy 
retorts generally used. 

In working, charcoal is put into the charger 
above the bell and the opening sealed. The 
charcoal falls into the shaft of the furnace as 
often es there is room for it, the charger being 
replenished from time to time. The shaft 
sboiJd be kept filled with charcoal and the 
internal spaces filled with sulphur ; thus there is 
no loss of heat by radiation and the heat 
absorbed in melting the sulphur is returned to 
the furnace 

Electricity is supplied in such quantity tcM 
the electrodes are not submerged in the meltro 
eulphar to such an extent as to restrict the 
passage of the current. Usually, the cleclncity 
passea from the one electrode to the 
immediately opposite, but the direction can be 
changed at any time so as to pass to the adjacent 
clKtrode, thus burning out any piers or 
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“ .scaffolds ” that may form in the corners -n-hich 
would prevent the regular descent of the 
charcoal charge. The sulphur within the 
working chamber 2 soon becomes melted, and 
its level rises more or less nearly to the top of the 
electrodes. As it approaches the hot zone, the 
sulphur is vaporised and rises through the 
charcoal which, when sufficiently heated, com- 
bines-with it, forming carbon disulphide vapour 
which ascends through the charcoal in the shaft, 
and passes out through the pipe a: to a con- 
denser. Aluminium bars, 6 in. wide and g in. 
thick, connect the insulated electrodes with two 
Stanley inductive type dynamos, each of 330 
kilowatts capacity, run, as a rule, by water- 
power. The average voltage is about 50. 

Regulation of the furnace output is achieved 
by altering the sulphur feed which controls the 
level in the electrode space to which molten 
sulphur rises, and thus alters the resistance of 
the furnace. 

Taylor states that the furnaces run for 
8-13 months at an average output of 14,000 lb. 
carbon disulphide per day before cleaning is 
necessary, the average outside shell temperature 
under these conditions being 60°-70°C. indicating 
the degree to which heat is retained by the 
sulphur channels in the walls. 

Haber (Z. Electrochem. 1903, 9, 399) gives 
figures for sulphur and charcoal consumptions 
as 1-00 and 0-24 tons per ton of carbon di- 
sulphide respectively, while Kausch (op. cit.) 
states that the power consumption lies between 
1,000 and 1,200 k.w.h. per ton. It is therefore 
obvious that the Taylor furnace has no applica- 
tion to districts where cheap power is not 
available, while a further disadvantage of such a 
large unit is that considerable variations in out- 
put necessitated by fluctuations in trade are 
not readily obtained. Also it is stated that 
when closing do^vn for cleaning purposes, one 
month at least must be allowed for each furnace 
to cool down. 

An electric furnace of a type different from 
the Taylor design was patented by the Chem. 
Pabrik Griesheim-Elektron (B.P. 174040, 1921 ; 
G.P. 383410, 1921; F.P. .142518; U.S.P. 
1.549812; Can.P. 277731), in which the Taylor 
arc was replaced by resistance heating in a 
vortical shaft furnace between a fixed bottom 
electrode and a movable top electrode. 

The invention lies in the fact that wood 
charcoal itself after pre-heating has a sufficiently 
high electric conductivity to allow a column of 
charcoal several metres high to be heated 
throughout to a uniformly high temperature at 
which rapid reaction with sulphur vapour occurs, 
thus permitting considerablj’ greater outputs of 
carbon disulphide than in the older tj^pes of 
fmrnace in which a large portion of the charcoal 
charge acted os a cooler for the reaction products. 

The shaft furnace is shown in Fig. S, which 
carries at the bottom a fixed electrode B, above 
which the shaft is constricted in order to 
increase the temperature in the region of the 
sulphur feed D, which is connected to a heated 
vessel E. The furnace shaft is filled with pre- 
heated wood charcoal and the top movable 
electrode F rests freely in this charcoal column, 
being surrounded by charcoal fed in from the 
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hopper G. H is the exit for the reaction products ■ 
and leads to a condensing plant. 

Movement of the top electrode F is obtained 
by means of the rope K and pulley system 
dl, ^ 2 * dg. 

A patent of addition to the above (B.P. 
260969, 1926; G.P. 439694, 1925) relates to a 
device for collection and removal of the slag 
formed by reaction between the charcoal ash 
and sulphur residues. The bottom electrode is 
hollowed out into the form of a crucible in 
which the molten slag collects and is run ofi 
from time to time. The reservoir of slag serves, 
first, to protect the electrode from attack by 



sulphur, and, secondly, to make better contact 
between the electrode and the charcoal charge 
which dips well below the surface of the molten 
slag. 

The advantages of the vertical shaft furnace 
are discussed at length in Kausch (op. cit.), in 
which the following points are made : 

(1) Small size of furnace, e.g. for 2-S tonnes 
CSj per day, only 2-5 m. diameter, due to 
larger heated zone. 

(2) More permanent character of brickwork 
than mild steel retorts. Furnaces can be 
shut down and restarted without difficulty due 
to cracking, etc. 

' (3) Cleaner working of electric furnace. 

(4) Consumptions — power, 1,400 k.w.h. per 
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tonne CS,; sulphar.O 96 tonne per tonneCS,; 
charcoal, 0 22-0-25 tonne per tonne CS^ 
Richter (Trans Amer. Electrochem. Soc. 1922, 
42, 253) described an electric furnace operated 
by the Brown Co , Berlin, New Hampshire. 
U.SA. (U.SP. 1312S00), which consists of a 
vertical cast iron cylindrical ahell lined with 
refractory bnck, and contains water cooled 
electrodes near the bottom which are fed with 
2-phase 440 v. alternating current. A resistance 
hrf of broken arc carbon la spread between the 
electrodes, and the wood charcoal rests upon 
this The same paper presents an analysi» of 
the thermal balance of the carbon dis^phide 
reaction and shows that the thermal efficiency 
(i e the amount of heat needed for the reaction 
compared with that which is actnally pnt into 




Fig. 10. 


the furnace) is only 31%, most of the remainder 
being lost by radiation. A valuable set of tables 
of thermal data on sulphur and carbon disolphide 
is abo given. 

A considerable number of patents have been 
taken out on tho electric furnace process 
which cannot be described at length A list of 
the patent numbers, with remarks on the more 
important, is giicn below, and further informa- 
tion may be obtained either from the onginal 
specifications or from Kausch {op. at, pp. 92— 
103). 

A. Walter (G.P. 4137:7, 1923) described a 
vertical shaft furnace which contained charcoal 
heated by a Jummons are in the base, and a 
sulphur-feed vessel heated electrically. Charcoal 
pre heaters were arranged in the top of the 
shaft. Complicated electrical apparatus is 
described forautomatic regulation of the furnace. 


I H. Schulz (Berlin) obtained three patents 
I (G.P. 407656, 1923 ; 43S037, 450170, 1925) for a 
I process and modifications thereto which consi<t 
essentially of a fireclay-lmed rectangular 
metal retort with rounded comers, 2 m. by 3 m. 
cross-section and 2 J m. high, capable of producing 
500-700 kg. carbon disulphide per day. The 
retort is heated by two vertical carbon resis 
tances which ensure uniform heating of the 
charcoal charge, while sulphur vapour, which is 
pre-heated to reaction temperature by radiation 
from the retort, is introduced at the top, the 
exit for carbon disulphide being at the bottom. 

Charcoal pre-heaters are arranged in the 
furnace lining and can be withdraini bodily and 
placed in a special charging hopper m the top 
of the retort which prevents contact of the pre- 
heated charcoal with air. 

Diagrams of this apparatus are given in 
Figs. 0 and 10, which are taken from Specification 
No 450170. 

The outside metal case of the retort B is 
lined uith refractory brick A as insulation, and 
this to turn has a further metal wall C which is 
I protected from attack by the lining D, which is 
I gas-tight and forms the wall of the reaction 
'space 

E, £ are two resistance beaters connected 
to two electrodes F. F, w hieh are spaced so that 
the distance between them is sufficient to 
produce the required reaction tem«rature. 

resistors are suitablj protected from the 
reaction gases 

In one side wall of the furnace is built a desice 
L for melting and \aporising aulphur which 
passes into the retorts, and after conversion the 
carbon duuipbide is remosed to the condensisg 
plant tta K. 

G represents the filbng arrangement for 
cbarcoal, which i> preheated in metal containers 
Z, fitting mto cjlindMenl recesses V cut in the 
front waU of the furnace (Fig. 10). The charcoal 
containers are closed by two o^erlapplng flaps, 
which can be opened from above by a rod and are 
placed m the hoppers Gj or Gj. When the lids 
H, and H, have been closed, thus eealmg the 
interior of the furnace, the flaps in the containers 

drops into the retort Gj and Gj are u'ed 
alternatively as required 

Schulz claims a purer product with this 
plant than is obtained by the ordinary retort 
I process, owing to the fact that the charcoal is 
I at uniformly high temperature throughout. 

A detailed description of Schulz’s plant is 
given by II. Eabe (Chem.-Ztg. 1926, SO, GOO- 
CH), m which the power consumption n 
stat^ to be 700-800 k.wh. per 1,000 kg. of 
product 

GP. 433423 (W Buchner) and F.P. 340S46 
(Soc. Anon. L’Ind. VerriJre et Dfrivs.) (J S C.I. 
J904, 23, 828) desenbed a modified fora of 
electnc abaft furnace which has four pairs of 
electrodes fixed at mtervals up the shaft. 

The Studien-Gesellschaft fur Wirtscbaft u. 
Ind. (Munich) (G.P. 440S63, 1925, and Swi*s P. 
125705) use either silicates or calcium o*rb^ 
as resistance material, and place the wom 
charcoal on grates made of these materials. 
Little eignifieance attaches to this proposal. 
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Zahn & Co. (G.P. 543874, 1930) propose the 
manufacture of carbon disulphide in electrically 
heated retorts in which the heating is from 
outside, the retort metal being protected as 
usual by refractory brickwork. 

C. E. Taylor (U.S.P. 1596902, 1926) describes a 
modification to the original Tajdor furnace in 
which a vertical shaft furnace having a bottom 
fixed electrode of cast iron and an upper movable 
carbon electrode is used. The furnace is 
more efficiently lagged than the original design, 
although the annulus of sulphur in the furnace 
wall which is melted by radiation from inside 
is still continued, with an additional sulphur 
feed through an annulus in the device carrying 
the upper electrode. The space between 
the electrodes is filled with broken graphite and 
pre-heated wood charcoal is fed on top of this. 
Apart from detail, the principle underlying this 
furnace seems to be the same as that of the 
I.G. shaft furnace described previously. 

A modification of the Brown Co. furnace (o. 
supra) is patented in U.S.P. 1737566 (1929), 
■where the earlier design is altered by lagging 
the whole furnace shaft with an annular space 
containing electric resistance material which 
can be separately heated in order to keep the 
inside shaft at a uniform temperature. In 
addition, the previous method of adding 
molten sulphur at the top' of the shaft is sub- 
stituted by a sulphur vapour feed between the 
two electrodes in the base of the shaft. 

Two patents of the Dow Chemical Co., 
Michigan (U.S.P. 1892191; 1902668, 1933) 
describe an electric furnace which is character- 
ised by a plurality of electrodes rvith separate 
switches, and several sulphur vapour inlets 
controlled by valves. 

(6) Discussion of the Electric Furnace Process. 
— The great advantage of the electric furnace 
processes, whether of the arc or resistance type, 
over the gas-heated retorts lies in the fact that 
the source of heat for the former is inside the 
walls of the furnace. 

It has been shoum that a refractory earthen- 
ware lining is essential in all carbon disulphide 
apparatus for protection of the metal work, and 
while in the electric furnace this conveniently 
fulfils the dual function of protector from corro- 
sion and heat insulator, in the retort plant where 
the heat is brought in from outside, the lining is 
a serious drawback because of its low heat con- 
ductivity. 

Eurther, the thickness of the brick lining in 
the electric furnace can be increased to any 
desired figure, since this becomes a heat insulating 
layer and decreases the amount of heat lost 
through the furnace walls by radiation. 

Since the electric process consumes approxi- 
mately 1,000 k.w.h. per ton of carbon disulphide, 
a cheap source of power is obviously necessary 
for economic working, but given this, there seems 
little doubt that the electric furnace has the 
advantage, if onl3' because of the decrease in 
danger duo to the absence of flame in the 
retort building. 

The Taj'lor furnace has the drawback of all 
large single units, viz., the difllcultj' of con- 
• venienth- meeting fluctuations in demand for 
the product, but this diffieultj- is largeli’ over- 
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come by the later designs which have been 
described. 

IVith regard to pre-heating of charcoal and 
sulphur prior to reaction, the same remarks 
apply to the electrothermic as to the retort 
process, and whether the pre-heating is done 
by means of gas or electricity, it is absolutely 
essential to degas the charcoal in order to remove 
hydrogen, etc., and extremely desirable to work 
with a sulphur vapour feed entering the reaction 
zone at the normal reaction temperature. 

Other Methods of Preparation of 

Carbon Disulphide.- 

In -view of the difliculties connected with 
the manufacture of carbon disulphide from 
carbon and sulphur many alternative processes 
have been proposed which are described in 
detail in Kausch (op. cit., pp. 103-114). A short 
summary of the most interesting of these is 
given below, but so far as is known no com- 
mercial application has been found for any of 
them. 

(а) Manufacture from Hydrogen Sulphide and 

Carbon.— A. Walter (B.P. 306220, 1916; 

U.S.P. 1193210) proposed to prepare carbon 
disulphide by passing hydrogen sulphide 
over strongly heated carbon, 

2Hj.S-l-C=CS2-f2Hj., 

and a similar method has been patented by 

H. Oehme and Chem. Pabr. Kalk G.m.b.H. 
(B.P. 314060, 1929 ; G.P. 484569 ; F.P.-675709), 
in which 70% conversion of the hydrogen 
sulphide to carbon disulphide at 900°C. is 
claimed. In addition to the above patent, B.P. 
334856 (G.P. 488103) claims the recirculation 
to the conversion system of the unconverted 
hydrogen sulphide after carbon disulphide has 
been condensed, and a second addition patent 
(B.P. 358249; G.P. 517337) works with a 
mixture of hydrogen sulphide and carbon 
dioxide, which is converted to carbon disulphide, 
carbon monoxide, and hj'drogen. After removal 
of the disulphide, a valuable fuel gas is obtained. 

The reaction equilibria in the sj'stem HgS, 
COj, HgO, CS2 have been studied by Terres 
and Wesemann (Angew. Chem. 1932, 45, 795). 

(б) Manufacture from Sulphur and Hydro- 
carbons. — The reaction between sulphur and 
sulphur compounds and hydrocarbons has also 
been investigated, e.g. .methane and gases 
found in natural gas require a very high 
temperature (1,000'’C.) for reaction, and this at 
once gives rise to the difficulty of getting 
sufficient heat into the reaction sj'stem to 
produce appreciable quantities of product. 
Unsaturated hydrocarbons, e.g. acetylene, react 
at lower temperatures (400°-500°C.), but the 
cost of acet3'lene makes such a proposal un- 
economic. The following patents deal with 
this aspect of the subject: Reaction between 
methane, or h3’drocarbon gases containing 
methane, and sulphur, or hvdrogen sulphide at 

I, 000'C. with or without a carbon catal3'st, 

I.G. Farbenindustrie (G.P. 476598, 1927; 

B.P. 293172; F.P. 648889; U.S.P. 1735409) 
and I,C.l. Ltd. (E.P. 331734, 357994; U.S.P. 
1907274). 
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Reaction between unsaturatecl hjtirocarbonsi 
(tg. ncetjlene) and sulphur or sulphides at 
koO^-ZOO^h. (Komlos, IvomJos, and Engelke, i 
B I' 265904 . G P. 409839 , Swiss P 126810) ! 

(c) J/fl«ii/oc/nre Jrom Sulphur Dioxtda and 
Carbon — Kassow and Hoffmann (J. pr. Chem. j 
1922, [ii], 104, 207) miestigatcd the mlurtton' 
of sulphur dioxide by carbon, and showed that 
the rcuctions were verj compheated, and that I 
the j icld of carbon disulphide was loo low to be ' 
of commercial importance 

The production of caibon disuljihide by this I 
method has, however, been patented by L P. ! 
Bassett (B 1\ 20716, 1913), and by the Doip, 
Chem Co (U S P. 1350958). I 

(d) J/i4«li<ineo!M. — Carbon oxyaulphide, I 

COS, 13 readily formed by reaction of carbon 
monoxide and sulphur at temperatures below 
C00°C. with a yield approaching 100%. tj. 
Lewis and Lacy (J. Aincr. Chein Soc l')15, 37, 
1982). Stock and Scelig (Ber. 1919, 52. [B], G81), 
and Cross {J. Chim phys 1935, 3, b25); and is 
decomposed catal^ tieally into carbon disulphide 
and dioxide The equilibrium constant of the 
latter reacUon at uorking teinperataroa of 500®- 
b00°C 13 about 0 3, w Inch indicates that unless 
one 01 other of the reaction products can be 
removed from the sjstera continuously, the 
yield of carbon disulphide can never exceed 
30%. cf Stock (Bcr 1024, 57, [B], 719) and Cross 
(le) 111 spito of the technical difficulties 
involved m a process of this t>pe, two patents 
have been taken out covering the above re 
actions by the Badisclie Andin u Soda-Fabnk 
(0 P 398333, 1922, and G P 413718, 1924) 

The benzole fraetton of the oils obtained from 
coal tar and coke oven gas manufacture contain 
BRiall quantities of carbon disulphide, and 
quite recently a method of recovering this 
material by means of the xanthate reaction 
p 343) has been brought forward — Hoflert and 
iancock, B P 41G404 (1934) — wlmh consists m 
using a nicth}l alcohol solution of caustic soda 
to form sodium methyl xanthate which separates 
from the benzole, and recovering the carbon 
disulphide from the xanthate by acidification 
and subsequent distillation 

COLLlCTUlX AND POKIUCATIOX QT CkUDE 
C'ARBojr Disntrit/DE 

The reaction pioduct passing away from the 
rctoits consists of a mixture of inert gases, 
carbon disulphide, sulphur vapour, sulphur 
spraj', lijdrogen sulphide, carbon oxysulphide 
and smaller quantities of other volatile sulphur 
compounds These gases arc usually passed into 
a water-scaled mam in which the bulk of the 
carbon disulphide is collected and run lo stock 
tanka as crude material containing up to 3% 
of dissolved sulphur, and quantities of hydrogen 
sulphide, etc. The uncondensed gas contains a 
high percentage of hydrogen sulphide and 
varying quantities of carbon disulphide vapour, 
depending on the temperature at which con- 
densation in the h} drauUc main has taken place, 
thia gas must bo treated for the reeoveiy of 
carbon disulphide, after which it may be sent to 
waste or the sulphur recovered by the usual 
mclhods 

It w ill be conv enient to deal w ith the rectifica- 


I tion in sections, (o) the purification of the 
I bulk of the carbon disulphide formed by 
'condensation and (i) the recovery of carbon 
I disulphide from the exit gases. 


(o) Purification of Crude Carbon 
Disulphide. 

Early methods of purification consisted 
generally of a combination of phjsical and 
chemical processes in which, for example, the 
crude carbon disulphide was distilled from the 
sulphur residue and then treated with caustic 
soda or milk of lime to remove hydrogen 
sulphide. Deiss (Dingl. poly. J 1861, 159, 
430; ihid 1803, 170, 295) used large batch 
stiUs capable of holding 5 tons of crude material 
which took 3~4 da^a to distil. Heating was hy 
means of closed steam pipes in the boiler, but 
the last traces of disulphide were removed from 
the residue of sulphur by means of live steam 
Sulphuretted hydrogen was renioved from the 
distillate by agitation with caustic soda 
Bonihrc (Dmgl polj J. 1864, 171, 443) and 
XlilJoni (IVagner’a jahresber Chem. 1S6S, 
92S) distilled the crude material from stills in 
the boilers of which the carbon disulphide was 
mixed with cither caustic soda oi milk ofhme 

Clocz (Compt rend 1809. 69. 1330) first 
distilled the crude product and rained out a 
final purification by agitation w itli mercury to 
remove tiaccs of hydrogen sulphide 

Sinscr (JSC I 1889, 6, 83) first removed 
aulphuicttcd hydrogen by counter current wasli 
mg with milk of bme and then distilled the 
carbon disulphide. 

Later metbods which also relied on chemical 
punhcation are those of Obach, (J pr Chem 
1832, (uj, 26. 281). iViedburg (Ber. 1875. 8, 
1617). Palmien (Z anal. Chem. 1882, 21, 254], 
and Ruf! and Golla (Z anuig Chem. 1924. 
138.31) 

References to methods of removing odour 
from carbon disulphide are given m CLeni..Ztg 
1925, 49. 121. 329. 350. 

Little interest w as shown ui improv ed technical 
methods of purification until quite icwntJy, 
th© practice being to eliminate impurities one* 
by ono by a senes of distillations, first to 
remove hydrogen sulphtdo and volatile im- 

e unties, then to remove sulphur and high 
oiling impurities, followed by a final distillation 
lo eliminate last traces of both types of impurity. 
Since, however, the demand for a very pure 
product to supply the artificial silk industry has 
increased rapidly, considerable attention has 
been paid to this aspect of the problem chiefly 
by continental zaanufsetnrers. 

The I G. Farbenindustrie has a series of tbiee 
patents relating to methods of continuous 
dwtiUation (G.F. 436998. 1924; B.P. 238489; 
F.P. 590526; U.SP. 1072948; G.P, 438072, 
1923; B.P. 254076, P.P. C0C841; USP. 
1728680; G.P. 439760, 1925; B.P. 2C023G; 
F.r. 622452 ; U.S I>. 1699255, 1733171). 

The first two of these patents refer to distilla- 
tion in two columns, connected in series by an 
J overflow pipe between the boilers, the fint of 
Iwbich serves to remove volatile imiiuntlcs at 
I the head, while in the second sulphur and 
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non-volatile matter collect in the boiler, and 
pure carbon disulphide distils continuously 
at the head and is condensed. 

The tliird, represented diagramraatically_ by 
Pig. 11, modifies the earlier two-column distilla- 
tion apparatus in an ingenious' manner. A and 
B represent the two packed distillation columns 
mounted in suitable heat insulating material 
provided with reflux condensers A^, B^, and 
boilers A^, B^ respectively. 

Crude carbon disulphide is fed continuously 
to the top of column A, from which hydrogen 
sulphide and other volatile impurities pass 
away through the reflux condenser A^, and a 



secondary condenser D, to the recovery plant. 
Carbon disulphide condensed here returns to 
column A ns reflux, and flows down the column 
until it reaches a point where the temperature 
is approximately the boiling-point of carbon 
disulphide, when it distils ns vapour con- 
taminated with traces of sulphur and hydrogen 
sulphide through the pipe X to the top of column 
B. Sulphur contained in the feed to A flows 
downwards info the boiler A-, in which a tem- 
perature of 120°C. is maintained, and this sulphur 
can then be recovered continuously or inter- 
miltcntlj’ from A- in a pure liquid state. 

The vapours entering B from X are condensed 
in B' and D, which is common to both columns, 
and flow down B as liquid feed until at a 


point near the bottom of the column the boiling- 
point of pure carbon disulphide is reached, when 
pure vapour distils up the pipe Y to the 
condenser C, in which pure carbon disulphide 
free from sulphur and hydrogen sulphide con- 
denses and runs to stock. The liquid collecting 
in the boiler B“, which is maintained a few 
degrees above the boiling-point of pure carbon 
disulphide, consists of a weak solution of 
sulphur ill carbon disulphide, and this is fed 
via the pipe e into A" for removal of its carbon 
disulphide content as desired. 

Zahn & Co. (G.P. 467929; B.P. 261990; 



F.P. 672766 and 37206, 1926), in their patent 
for a complete carbon disulphide process, the 
first section of which has already been described, 
lead crude carbon disulphide via a siphon 12 
into a steam-jacketed distillation vessel 13 
(Fig. 12), in which sulphur contained in the crude 
material slowly accumulates, and is removed 
from time to time by pipes 15 to the heated 
separator 14, in which the carbon disulphide 
contained in it is vaporised via 17 into the main 
vapour pipe from the boiler, and the sulphur is 
removed from the bottom and led back to the 
retorts. (For the details of the design of the 
separator the specification must be consulted.) 
Vapour passes from the boiler to the partial 
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cooler 20 in uhich the carbon disulphide is 
condensed and separated from the huJk of the 
hjdrogen sulphide, vt hich passes n'a pipe 31 to a 
Claus kiln for recovery of sulphur. The 
condensate from 20 still contains traces of 
dissolved hydrogen sulphide Thich are removed 
by spraying into a heated separator 23 which 
contains jailing, or nearly boding, carbon 
disulphide. On entering this vessel the remain* 
ing hydrogen sulphide is driven off from the 
carbon disulphide, and led back ria 26 into the 
mam vapour pijic, while the now purified product 
is siphoned ria a pipe into the final condenser 25, 
from which it flows to stock. 

The chief features of this process are, first, 
that the temperature of the partial condenser 20 
13 maintained fairly high in order to decrease 
the solubility of hydrogen sulphide in the 
condensed carbon disulphide, although this fact 
immediately increases the losses of the latter in 
the exit gas . and, secondly, that the volume of 
liquid in circulation in the system is very 
smalT, a considerable advantage when fire risks 
arc taken into account. In a patent of addition 
to the above (G.P 469170, 1927) the crude 
carbon disulphide is first warmed and led into a 
sulphur separator prior to distillation, while 
further addition patents (G.P. 485770, 1927, 
and 495098, 1928) claim distiUiog the carbon 
diaolphide from water or a non solvent for 
sulphur, which separates in the still and u 
rccoxered, or from an alkaline or alkaline earth 
sulphide solution which retains the hydrogen 
sulphide. 

(b) Treatment of the Exit Gases from 
the Plant. 

The gases leaving the plant consist of 
small quantities of inerts (nitrogen, carbon 
monoxide, etc ) together with a high percentage 
of hjdrogen sulphide and appreciable amounts 
of carbon disulphide earned away on account of 
Its high vapour pressure These gases must be 
treat^ first for removal of carbon disulphide, 
and then for recovery of sulphur from the 
hydrogen sulphide. The method in general use 
from early days for carbon disulphide recoveiy 
has been to scrub the gas m a packed tower with a 
non'Volatile mineral oil, in which the carbon 
disulphide is readily soluble, followed by .steam 
distillation of the oU to recover the dissolved 
disulphide. 

Other possible methods of recovery are by 
(vdsorption by’ active charcoal or sdica gel 
(Nicolardot, F.P. 631031) ; by refrigeration to a 
low temperature at which the vapour pressure 
of carbon disulphide becomes very small , and by 
chemical means (Strossacker, Jones, and 
Dow Chem. Co. U.S.P. 176SS03, 177I3S4 
1930), e.y. by caustic alkali or alkali sulphide 
solutions from which the carbon disulphide can 
be recovered by dutillation. Recovery of tbe 
sulphur from tbe residual hydrogen sulphide 
takes place either by burning with air in a Claus 
kiln from which the sulphur is recovered as 
flow ers of sulphur {cf. Zahn & Co., B.P. 261990 ; 
C.r. 433587, 1925). or by treatment with sulphur 
dioxide gas, when the sulphur is precipitated, 
as proposed by” Ochme (G.P. 483286), and 


Vogel and Brown Chem. Co., U.S.A. (U.S.P. 
1765809, 1929). 

An apparatus suitable for the automatic 
detection and control of sulphuretted hydrogen 
which depends on the formation of hlacklead 
sulphide and the effect of this on a photo* 
*l^tric cell has been described by Roberts and 
Minors (J.S C.I. 1934, 53, 526) and is known to 
gi»e very satisfactory results in detecting escape 
of this noxious gas into the atmosphere. 

SroBacE, Hajcdliso asd TRAysrORi or 
Casbox Disclpuide. 

On account of the great volatihty of carbon 
disulphide, together with theextraordinary degree 
of u^ammab^ihty of its vapour, very special 
precautions have to be taken m handling it, 
odher in the works or during transport. 

Since the Lquid is only very slightly soluble in, 
»nd considerably heavier 1 270) than 

water, a protecting layer of w ater is the simplest 
method of decreasing evaporation losses, and in 
all modern plants movement of the liquid in and 
out of tanka, etc., is effected by wafer pressure, 
and the final distilled product is stor^ under 
water prior to packmg into containers. Pump* 
wg the liquid is not safe owing to the danger of 
•I^rks and the possibility of gas locking in the 
putnp if the temperature rises or tbe pressure 
falls. 

^or the same reasons as above, when opening 
op any section of a carbon disulphide plant for 
ole^Qing or repairs, rigid care must be taken to 
ensure that all containers, pipes, condensers, 
etc., have been thoroughly purged of the vapour 
t>7 an inert gas (CO{. N„ etc.) before air is 
adinitted to the system, and, similarly, before 
restarting a section of plant which has been 
opened to stmosphere, the system should bo 
veritdaled with inert gas until the oxygen con* 
trat of the issuing gas is dowm to less than 1%. 
No naked lights should ever be allowed in places 
where carbon disulphide is handled, and dunng 
eporefjon rigid fare must be taken to ensure 
that the whole plant always works under a 
sbght positive pressure in order that no possi* 
bibly exists of air being drawn in from outside 
through leaking joints, lutes, etc. An interest- 
ing paper on methods of combatting carbon 
disulphide fires appeared in Chem. 3Iet. Eng. 
1927, 34, 83, m which it is shown that the 
beat and most efficient extinguisher is water, 
added gently, without splashing, to the burning 
liquid, so that it rises slowly to the surface, and 
forms a non*infiammable layer. Foam ex- 
tinguishers and water sprays cause splashing 
of the carbon disulphide and are often ineffective, 
*bil« carbon tetrachloride is not successful until 
used in quantities greater than that of the 
carbon disulphide. Carbon disulphide vapour is 
electncaUy sensitive to a very high degree, and 
all containers, pipes, etc., w ith which the vaf«nr 
cornea into contact must be efficiently earthed to 
prevent the accumulation of_ electrostatic 
chiirgea which might give nsc to ignition of the 
rapour. It is also highly toxic, inhalation of the 
^pour producing giddiness, v omiting, and coma. 
After prolonged exposure, even in very dilute 
coUcentrations, it pi^uces serious effects on tbe 
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nervous system. It should, therefore, never 
be used in a confined space, e.g. all packing of 
carbon disulphide from stock tanks into con- 
tainers should be done in the open air, and any 
room or shed in which the material is handled in 
bulk, e.g. in artificial silk factories, must be 
provided with efficient draughting system 
which is capable of picking up the heavy 
vapour from the floor of the shed and dis- 
charging it outside. The transport of carbon 
disulphide is subj ect to the provisions of Statutory 
Rules and Orders, No. 583 (1935), issued by the 
Home Office, in which specifications for different 
sizes of containers are detailed. The package.in 
general use is a 50-gallon mild steel drum with 
dished ends and two rolling hoops to protect 
the drum from damage. All drums are filled 
by weight, and have • a 7J% air space when 
filled to allow for expansion, and are tested 
hydraulically to 20 lb. per sq. in. in order to 
ensure that they are in sound condition. 

Physical and Chemical Properties. 

Carbon disulphide is a colourless and extremely 
volatile liquid ; the commercial product has a 
pungent and foetid smell, but when purified it 
has a sweet ethereal odour and an acrid taste. 

The following summarised figures give recent 
data on the important physical properties. 

Freezing-point. — lll'(J°C. (Timmermans, Bull. 
Soo. chim. Belg. 1934, 43, 626). 

Boiling-point. — 46'25°C./760 mm. (von Unruh, 
Z. anorg. Chem. 1902, 32, 407); 46-25°C./ 
760 mm. (Timmermans, Bull. Soc. chim. Belg. 
1924, 24, 244); 46-27°C./700 mm. (Mathews, 
J. Amor. Chem. Soc. 1926, 48, 562). 

Vapour Pressure. — (mm. Hg/°C.) 128-39/0, 
198-01/10, 296-48/20, 432-76/30, 616-75/40, 

859-49/50, 1172-9/60, 2062-1/80 (MeUor, “In- 
organic and Theoretical Chemistry,” Vol. VI, 
p. 100, Lend. 1925). 

Latent Heat of Vaporisation. — 6-60 kg.-cal./mol. 
(Faust, Z. physikal. Chem. 1924, 113, 482). 

Specific Hent.— 0-2290/0°C., 0-239/30°C., 0-249/ 
OO^C., 0-2010/100°C., O-288/160'’C. (Him, Ann. 
Chim. Phys. 1867, fiv], 10, 32). 

The molecular heat of carbon disulphide 
vapour has been calculated from spectroscopic 
data by Bryant (Ind. Eng. Chem. 1933, 25, 
609) and is c.vprcsscd by the following formula : — 
Cp=9-70-t-0-0000102T-t-0-000001894T^ 

The error is estimated at less than 5% below 
400°C. and 2% between 400° and 2,000° abs. 

Density.— l-2g215/0°-4°C. (Thorpe, J.C.S. 
1880, 37, 364); l-2909/l-5°C., l-2594/23°C., 
l-2494/30°C. (Gladstone, J.C.S. 1891, 59, 
291); 1-2661 /20°C. (Haagen, Ann. Physik. 
1867, 131, 121); l-2209/46-25°C. (von Unruh, 
Z. anorg. Chem. 1902, 32, 407). 

Vapour Density. — 2-67 (nir=l) at N.T.P. 
(V. Moyer and C. Meyer, Ber. 1878, 11, 2257). 

Heal of Formation. — 26,010 g.-cal./mol. as 
vapour at constant pressure from amorphous 
carbon and solid rhombic sulphur (Thomsen, 
Ber. 1883, 16, 2616); —22,100 g.-cal./mol. from 
carbon and solid sulphur (Berthelot, Ann. 
Chim. Phys. 1881 (5), 23, 209); and -t-12,.500 
g.-cal./mol. as vapour from carbon and sulphur 
vapour (Koref, Z. anorg. Chem. 1910, 66, 73). 


Solubility of Water in Carbon Disulphide . — 
(g. per 100 g. H^O) -0-010/25°C,, 0-011/26°C., 
0-012/27°C. (Clifford, Ind. Eng. Chem. 1921, 13, 
628). 

Adsorption of Carbon Disidphide Vapour by 
Carbon. — Coolidge (J. Amer. Chem. Soc. 1902, 
24, 1146 ; 1924, 46, 596) ; Schmidt and Hinteler 
(Z. physikal Chem. 1916, 91, 103) ; Ti-yhorn and 
Wyatt (Trans. Faraday Soc. 1927, 22, 134). 
Heat of adsorption on carbon, 9,650 cals./g. 
mol., (Miga, J. Chem. Russ. 1935, 6, 197). 

Adsorption by Alumina Gel. — Perry ( J . Physical 
Chem. 1925, 29, 1462). 

The equilibrium of the formation of carbon 
disulphide from amorphous carbon and sulphur 
vapour was studied by Koref (Z. anorg. Chem. 
1910, 66, 73) by the streaming method of Nernst 
in the temperature range 800°-l,100°. His 
values for the equilibrium constant. 


are as follows : 7-8 x 10~^ at 823°C., 11-5 x 10“^ 
5t906°C., 17-9x10-2 at 1,009°C., 25-8x10-^ at 
1,110°C., from which the heat of formation of 
carbon disulphide from carbon and sulphur 
vapour was calculated by means of the Vau’t 
Hoff isochore to be -f 12,500 g.-cal./mol. CSj. 
The exothermic nature of the carbon disulphide 
reaction at high temperatures was thus estab- 
lished, and the discrepancy between this and 
Thomsen and Berthelot’s early values from 
liquid sulphur was ascribed to the high latent 
and specific heat of sulphur vapour. This point 
has already been stressed in connection with 
the manufacture of carbon disulphide. 

On account of the known dangers attending 
handh’ng of carbon disulphide due to its in- 
flammability, considerable work has been done 
on limits of inflammability and ignition tem- 
peratures of the vapour wth air. Lo Chatelier 
and Boudouard (Compt. rend. 1898, 126, 1512) 
showed that a concentration of 0-063 g. per 
litre of air was inflammable ; Kubierschky 
(Z. angew. Chem. 1901, 15, 129) determined 
limits from 4% CSj to saturation point; Bcrl 
and Fischer (Z. Elektrochem. 1924, 30, 29) in a 
glass bulb 27 mm. diameter found 2-22-31-2%, in 
a glass bulb 18 mm. diameter, 2-69-30-2%, in 
an iron vessel at room temperature, 3-38-29-2% 
CSj; A. G. White (J.C.S. 1922, 121, 1244), 
1-06-50% for upward propagation, and 1-91- 
35-0% CSj for downward propagation. For the 
effect of other vapours on the limits of inflam- 
mability, cf. A. G. White (J.C.S. 1927, 793). 
Ignition temperatures vary considerably accord- 
ing to the concentration of carbon disulphide 
vapour in the mixture, but under certain 'con- 
ditions ignition can occur well below 100°C., 
which indicates the great danger involved in 
handling carbon disulphide. Dixon and Russell 
(J.C.S. 1899, 75, 600) reported an ignition 
temperature of 200°C. ; Tizard and Rye (Phil. 
Mag. 1922, 44, 79) gave 253°C.; and Dixon 
(Rcc. trav. cliim. 1925, 44, 305) found variations 
from 120°-150°C. ; Wartenburg and Kannenburg 
(Z. physikal. Chem. 1923, 105, 205) gave 236°C. 
In the presence of excess 0 X 3 -gen, violent detona- 
tion occurs, the highest velocity of detonation 
observed being 2,640 m. per sec. with the 
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mixture CSj+QO;. and the products of com- 
bustion are sulphur and car^n dioxide with 
traces of carbon oxysulphide. In a deficient of 
oxjgcn, carbon monoxide, free sulphur, and 
unchanged carbon disulphide occur m the 
combustion products. If moist air is used 
hydrogen sulphide is formed (Tizard and 
Pye (1 c.)). 

Reduction of carbon disulphide snth nascent 
hydrogen (zinc and hydrochloric acid)gices 
thioforraaldeh} de (Gerard, Compt. 

rend. 185G, 43, 39G), and passage wth hydrogen 
over heat^ nickel forms mercaptan like com- 
pounds (Mittasch, J. pr. Chem. 1903, (u], 68, 
103) Evans and Stanier (Proc. Roy. Soc. 
1024, A, 105, 626) exammed the reduction with 
hydrogen on nickel catalysts. 

Carbon disulphide reatita with water under 
pressure (Schutzenberger, Boll. Soc, Chun 1876, 
25, 14G) to form mdefinite compounds of hydro- 
gen sulphide and carbon disulphide which 
decompose at 130°C. reforming the components 
At higher temperatures carbon disulphide and 
wafer give n^e to carbon oxysulphide, whde at 
400“-500'C. carbon dioxide and hydrogen 
sulphide are formed. 

Reaction with aqueous alkali forms a mixture 
of carbonate and thiocarbonate, nbde alcobobe 
solutions of alkalis dissolro carbon disulphide 
readily, giving rise to the important compounds 
known as rnnlhates, 

CS,+ AOH+ ROH-* S.C(OR)SA+ H,0 
As>AlkaL metal. 

R= Alkyl group. 

An important use of the xanthates lies in the 
domain of metatlurgy for the dotation of certain 
metal sulphides from ores containing them, hot 
the main signidcanco of the xanthate reaction 
lies m the preparation of viscose, which is 
the sodium salt of cellulose xanthate, and u 
prepared by action of carbon disulphide on 
alkali cellulose. 

Chlonnation of carbon disulphide is an 
important industrial reaction, as it forms the 
basis of the technical manufacture of carbon 
tetrachloride. For details of this process, see 

The action of carbon disulphide on metals 
ghes nse to carbon and metallic sulphides, 
magnesium (Schonn, Z anal Chem. 1869, 8, 
398) ; mercury (von Bolton, 2. Elektrochem. 
1910, 16, 6G7 j Tammann, Z. anorg. Chem. 
1921, 115, 145) ; copper (SeWsrz, Dingl. poly. 
J. 18G9, 191, 399) ; iron and copper (Sferz and 
Wcith, Ann. d. Chem. 1868, 614). For mis- 
cellaneous reactions, see Cavazzi (Gazzetta, 1887, 
17, 677), Slylius and Huttner (Z. anorg. Chem. 
1910,95,257) 

. The B.S S. for carbon disulphide (No. 662 of 
1936) requires d”* 1-270-1-274, distillation 
<t:95% below 46 4®y7G0 mm. 

A full description of the chemical nactiona of 
carbon disulphide is given by Kausch (on. ei/_ 
pp. 26-62). 

Uses of Carbon DiscirmnE. 

The major uses of carbon disulphide have 
altered very considerably in recent years for 


seteral reasons. In the first place, the rajnd 
nse of the visco'^c artificial silk industry has 
caused a very great increase in the consumption 
of carbon disulphide, which has, however, been 
offset to a large extent by its decime from 
favour as a solvent, owing to its toxicity and 
inflammability. The solvent properties of 
carbon disulphide are shared by two other 
compounds, carbon tetrachloride and tri- 
chlorethylene, and since the latter are non- 
infiammable, and trichlorethyleno is less toxic, 
many of the solvent processes, e g the extrac- 
tion of grease, oils, fats, waxes, etc , no longer 
employ carbon disulphide but use the less 
dangerous chlorinated compounds of carbon. 

Carbon disulphide finds considerable applica- 
tion in the rubber mdustty as solvent m the 
cold xulcanuation process, and as solvent m 
the process of water-proofing fabrics. It 
IS also used as the starting-pomt for the manu- 
facture of carbon tetrachloride by the chlorma- 
lion process (see under Carbon Tetrachloride), 
as a fumigant, end in the manufacture of 
xanthates w hich are used in the flotation ofores. 

(o) Tie J/onu/acltire of Vtscose SiH . — By 
far the greatest quan^tiea of carbon disulphide 
produced to day are used for the manufacture 
of viscose by the action of carbon disulphide and 
caustic soda on cellulose, a reaction diacoiered 
by Cross, Bevan, and Beadle m 1892. who 
obtained a viscous orange-yellow mass. Wood 
cellulose is used as the raw material, obtamed 
from pme or fir wood by chemical purification 
usmg bisnlpliite solution under pressure. 
This pre treatment of the wood dissolves out 
the non cellulosic materials, and leaves a 
mass of fibrous particles conststing chiefly of 
a cellulose, which is then bleached by the usual 
means. It is then treated with 18% caustic soda 
solution (mercensation), when the s-cellulose 
combines with the alkali to form alkali cellulose. 

The sheets of alkali cellulose are then pressed 
and shredded by special machines, and finally 
left to mature for 2-3 days at a temperature of 
approximately 25°C. The changes undergone 
during the maturing process are not known 
completely, but probably involve some degrada- 
Jm. ceJh iIaws, mnJwJ iln. . 

The carbon disulphide reaction now takes 
place in a revolving homontaJ mixer provided 
with cooling arrangements to remove the heat 
of reaction, the matured alkali cellulose being 
charged into the mixer, and carbon disulphide 
in measured quantity run in, the temperature 
being mamtamed below 28®C. for 2-3 houra, 
after which absorption is completed; 2-3^ 
of unabsorbed carbon disulphide is removed 
by an air blast. 

The product consists of a dark orange yellow 
spongy mass of sodium cellulose xanthate, 
S C(SNa) 0 -C,H, 04 . which is next dissolved 
in 3^% caustic solution, and left to mature at 
15®C. for 2-5 days with frequent filtration, before 
spinning. The colour of crude viscose w 
ascribed to the presence of sulphur impunties, 
e,g. Bodium tnthiocarbonate, formed by the 
reaction between the excess of caustic soda and 
carbon disulphide according to the equation, 

3CS,-i-eNa0H-2NaCSs-|-Na,C0,-l'3H,0 
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together with sulphides and polysulphides, etc. 
These impurities are, however, decomposed 
during spinning by the sulphuric acid in the 
coagulating bath with evolution of hydrogen 
sulphide, which must be removed by efficient 
ventilation. 

According to theory, 100 kg. of chemically 
pure alkali cellulose require 24-7 kg. of 
caustic soda, and 46-9 kg. of carbon disulphide ; 
in actual practice, however, this theoretical 
quantity of carbon disulphide is never used, 
the usual quantity being only 31-33 kg. of 
carbon disulphide per 100 kg. of pulp. For 
full description of the use of carbon disulphide 
in the viscose silk industry, see Kauseh (op. cit., 
pp. 107-179) and also the monograph “ Artificial 
Silk,” by Bointhaler (translated by Rowe), 
published by Chapman and Hall (1928). 

(b) Carbon Disulphide as a Solvent . — ^From the 
early days of production carbon disulphide 
was used in large quantities for the extraction 
of oils, fats, and grease from a variety of 
commodities, but it has now been almost 
entirely replaced for this purpose by tri- 
chlorethylene. 

As a matter of historical interest, Deiss 
(Dingl. poly. J. 1857, 146, 433 ; 1861, 159, 436; 
1863, 170, 290; G.P. 13252, 40015) described 
the method of extraction of fatty oils from seeds, 
oil cakes, also other pressed residues on a large 
scale, in which 25 tons of oil cake when treated 
wth carbon disulphide, gave 2^ tons of vegetable 
oil in a 30 hours cycle. 

The use of carbon disulphide as solvent 
persists in certain parts of Europe to-day, e.g. 
in Spain, where it is used for extracting olive 
oil from the pressed residues of olives. Bohlo 
(Clicm..Ztg. 1924, 48, 745, 785; ibid. 1931, 55, 
981), Caddick (Chom. Age, 1928, 19, 636), 
Anon. (Chem. Trade J. 1932, 91, 398) described 
the method in use in which the pressed residues 
(“ Onijo ”) arc extracted in large iron cylinders 
8 ft. diameter by 16 ft. high, holding 7 tons of 
orujo, by means of carbon disulphide, 10 tons of 
which per charge are forced into tiie cylinder at 
the bottom, and allowed to digest for two hours. 
Two cylinders are used in series, the partly 
saturated disulphide passing counter-current 
to the incoming residues. Four extractions arc 
necessary on each charge of residues in order 
to remove the oil. The solution of oil in 
disidphido is passed to steam.heated Lancashire 
boilera in which the solvent is distilled off and 
returned to the system. The quantities of oil 
extracted from the charge arc 700, 170, SO, 50 
kg. during each of the four washes respectively, 
and the final residues contain 2-5% of oil 
compared u-ith 10-27% on entering the extrac- 
tors. Losses of carbon disulphide arc only 
0-1% of that used, but Bohle states that trans- 
port difficulties are so great during summer in 
South Spain that trichlorethylcnc is being 
seriously considered as an alternative in spite of 
its higher price. 

Greece imported, in 1920, 900 tons of carbon 
disulphide forthcc.vtraction of oil from residues, 
,529 tons being obtained from France, and 371 
tons from Italy (Chem. Trade J. 1928, 83, 192). 

(c) Carbon Disulphide in the liubber Industry, 
--The earliest patent on the use of carbon 
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disulphide in the cold vulcanisation of rubber 
was that of Parkes (B.P. 11147, 1846), in which 
a solution of sulphur chloride in the solvent was 
used. This was followed by patents of Forster 
and Hartfield (B.P. 3215, 1868) and Forster 
(B.P. 1532, 1877). The process using carbon 
disulphide as solvent has been developed con- 
siderably. Conillardon (F.P. 384061) uses 

a solution of sulphur chloride in carbon di- 
sulphide which is saturated with sulphur ; 
Le Blanc and Kroger (G.P. 408306, 409214) 
a solution of sulphur thioeyanate in carbon 
disulphide; Catalpn Ltd. (B.P 170682; G.P. 
411522) use organic bases and a filler with 
carbon disulphide as solvent; Naugatuck 
Chem. Co., Connecticut (F.P. 561819, 587933) 
use carbon disulphide with a mixture of in- 
organic compounds and amines, e.g. 100 parts 
rubber, 10 parts zinc oxide, 3 parts sulphur, 
5 parts benzylaminc, 5 parts carbon disulphide, 
left at 100°-140°C. for 48 hours. Other patents 
on this subject .are U.S.P. 1537865, 1551042, 
1574676 (Miller Rubber Co.), and U.S.P. 
1521739 (Dovan Chem. Corp., Wilmington), 
which deal with vulcanisation accelerators. 

(d) The Mamtfactureof Xanthates . — ^Xanthates 
are readily prepared from the alcohol, carbon 
disulphide, and caustic soda. The latter is 
dissolved in the alcohol in an agitator, and the 
mixture cooled to room temperature, when 
carbon disulphide is added at such a rate as to 
keep the temperature at 20°-30'’C. until reaction 
is complete, in about 4-7 hours. After distilla- 
tion of any unchanged carbon disulphide and 
alcohol, the powdered xanthate is dried in vacuo 
and packed for sale. The reaction is shown in 
the following equation : — 

OEt 

/ 

CS2-t-NaOH-l-EtOH = S:C -kHgO 

^Na 

Sodiiini ethyl xanthate. 

British Dyestuffs Corporation (B.P. 292500) 
use the straightforward reaction described 
above, whilst a modification is described in 
U.S.P. 1559504 (Crowell and Breckinridge, 
California) in which an inert solvent such as 
toluene or kerosene is used. 'The mixture of 
caustic soda and alcohol in the solvent reacts 
•almost quantitatively with carbon disulphide 
to form xanthates. The toluene is distilled off 
in vacuo and takes the water with it which 
facilitates diying. 

U.S.P. 1591723 adds .a mixture of carbon 
disulphide and alcohol to solid caustic soda, 
whilst the Great Western Elcctro-Chemicai Co. 
California, in U.S.P. 163622.9, carry out the 
reaction in contact with a chlorinated hydro- 
carbon (e.g. carbon tctracMoride, trichlorethyl- 
cne, etc.). A further patent of the latter firm 
(U.S.P. 1606573) covers the production of di- 
xanthates hy an electrolytic process. The 
most important use of xanthates is in the manu- 
facture of viscose silk ; other uses are in 
connection with the flotation of ores and the 
vulcanisation of rubber. It is also used ns a 
fungicide. 
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(e) Carbon X>i9ulphideasFumi^nl. — ^The toxic 
properties of carbon disulphide Trere eariy 
applied Tor TaznigaUon purposes, aad laige 
quantities of the substance were used in Tine- 
yards all over Europe for destroying the vine-l 
louse (PhyUoxera). the plants at Sfrozoirice and 
Zalatna, Austna-Hungary, described previously, 
being built specially in order to provide suppliea 
of carbon disulphide for this purpose. 

\ arious mixtures of carbon disulphide have 
been used for fumigation, e g. snth pyndine and 
nitrobenzene (GP. 343865, 346643); with 
potassium thiocarbonate ; with carbon tetra- 
chloride, and monochlorbenzene (Aust P. d4342), 
emulsions with water, etc 

Other uses in fumigation arc in the control of 
various insect pests, and extermination of 
vermin, such as mice, rata, rabbits, etc. A 
lengthy description of the uses of carbon 
disulphide for fumigation will be found in Kauscb 
{op. eft , pp. 154-161) 

Slalisltcs . — Production statistics in respect of 
the chief manufacturing counlnes ate not 
available m a detailed form for a number of 
reasons, hut very illuminating figures in respect 
of the international trade in carbon disulphide 
are given in an article in Chem Trade J. 1937, 
lOf, 250. 

World production of carbon disulphide 
increased from 110,000 to 260,000 tons per 
annum between 1929 and 1936, more than 
of this total being employed m the production bf 
artificial fibres, based on cellulose xantbate as 
an intermediate stage. It ts probable (hat 
almost 90^0 of the world output of carbon 
bisulphide is produced in six countnee. tu 
Germany, Japan, USA, Italy, United King- 
dom, and France. 

An approximate estimate of current pro- 
duction in the United Kingdom is between 25,000, 
and 30,000 tons, an additional SOO-l.OOO tons 
per annum being imported 

Details of import and export trade for the 
majonty of European countnea and certam 
American and Asiatic countries are also given in 
the article referred to above. F. K 

CARBON MONOXIDE. 

OccDIlBE^CE. — Carbon monoxide u .present 
in the atmosphere of industnal towns, its con 
tent often being 5 parts per million of air. Its ' 
presence is due to incomplete combustion m 
industrial and domestic fires, furnaces, and in 
internal combustion engines. The carbon mon- 1 
oxide content in a garage may be still higher, 
and in a large garage its concentration in the 
air has been found to be 164 parts per milLon I 
with a momentarily amount of 890 parts perl 
million (Katz and Frevert, Ind. Eng. Chem. ! 
192S, 30, 3t). The exhaust gases from motor 
vehicles contain up to 12% carbon monoxide, 
high figures being obtained because the car- 
burettors are normally set for maximum power 
and not for economy. In any case, some carbon 
monoxide is, m practice, certain to be present. 
The ventilation of the atmosphere in (uiuiels 
carrying motor traffic is therefore of coiuiderabk 
importance. 

Tobacco smoke also conl&ins some carhoa 
monoxide, and according to Armstrong and 
Evans (Brit. Sled. J, 1922, I, 993) cigarette 


smoke contains 0 6-0 9% carbon monoxide, 
smoke &om pipes 0 7-1-1%, and that from cigars 
6-8% when smoked quickly. ‘ The rate of 
smoking snd the closeness of the packing of the 
tobacco are the chief factors. 

Even with a well aerated Bunsen flame burniag 
coal gas, the carbon monoxide content of the 
products of combustion is as high as 31 parts 
per million in the undiluted dry products, and 
la a poorly aerated flame, 44 parts ; m the 
combustion products of a luminous flame, the 
quantity falls to 13 parts per million (Davies and 
Hartley. J.S C.I. 1927, 46, 201T). The resulU 
of the determination of the small quantities of 
carbon monoxide produced when burning coal 
gas in normal domestic gas appliances is given 
in s^rtous reports by the Gas Investigations 
Committee of the Institution of Gas Engineers 
(see Gas J. 1928, 182, 880). 

The gases m street manholes have been found 
to coiitam large quantities of carbon monoxide, 
in some cases more than 0 1% (Katz, Meiter,and 
Bloomfield. U.S. Bur. hlmes, Rept. Invest. 
No. 2710. 1925) 

Gases from coal mines also contain carbon 
monoxide resulting from partial combustion of 
coal, from the products of combustion of the 
explosives used m mining the coal, and as the 
result of “ fire damp " explosions — the gas con- 
taining the carbon monoxide is then spoken of 
as “after damp.” During the war, poisoning by 
carbon monoxide, resulting from the explosion 
of propeUant and high explosives, became 
aenous, since dangerously high concentrations 
were liable to be found m naval gun turrets, 
machine gun emplacements, pill boxes, tasks, 
etc., snd as a result of mining and sapping 
operations. Respirators were devised to deal 
with these situations. 

Carbon monoxide is also formed by the action 
of oxygen on certain organic substances such as 
pyrogHlol, and for this reason precautions must 
be taken when using this reagent for the deter- 
mination of oxygen m a gas mixture. 

PnoDi-criov. — Carbon monoxide is produceil 
by the partial oxidation by oxjgcn, air, or 
steam, of organic materials and particularly 
carbon, at high tem.peratures ; by reduction 
of carbon dioxide by hydrogen, carbon, or cer- 
tain metab, at high temperatures ; by the 
reduction of some metallic oxides or carbonates 
with carbon, and in the manufacture of carbide. 
It is abo formed by heating various organic 
compounds alone with concentrated sulphuric 
acid. The simplest method of preparing carbon 
monoxide u by the action of concentrated 
eulphunc acid upon formic acid. The gas 
evolved should be passed through caustic soda 
solution to remove any carbon dioxide or sulphur 
dioxide formed during the reaction. 

Carbon monoxide is seldom made in the pure 
state, its most important mdustnal form being 
in admixture with hydrogen, etc , in water gas 
and producer gas. 

Thedestrucfive distillation of coal results in a 
good deal of the oxygen present in the coal 
appeanng as carbon monoxide m the resultant 
gas, the quantity depending on the composjtion 
of the coal used, and the carbonbing conditions. 
With vertical and horizontal retorts u«ing a gas 
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coal, the carbon monoxide content is about 
8-10%, and if the latter retorts are “ steamed ” 
the carbon monoxide content rises to about 
18% owing to the formation of water gas. 
When carbonisation is carried out in modem 
coke ovens, the carbon monoxide content of the 
gas is about 6%. 

Blue water gas, made for addition to coal gas 
and for hydrogen manufacture, contains about 
40% carbon monoxide, the blow gas made by 
blowing air through the coke bed before steam 
is admitted, containing from 5-10% carbon 
monoxide, depending on the rate at which the 
air is blown and on the temperature of the 
water gas generator. Carburetted water gas, 
which is blue water gas to which is added the 
products of the cracking of a petroleum oil, 
contains about 30% carbon monoxide, depend- 
ing on the operating conditions. 

Producer gas, made by blowing simultaneously 
air and steam through a red hot coal bed, and 
which is used for firing furnaces, contains about 
30% carbon monoxide, while suction gas, which 
is producer gas made from coke, contains about 
2.5-30% carbon monoxide, is used for furnace 
firing, driving gas engines, and ammonia 
manufacture. 

Blast-furnace gas which results from the 
reduction of iron oxide by red hot coke through 
which air is blown, contains about 27-30% 
carbon monoxide and is used for driving gas 
engines and steam raising. 

Carbon monoxide of considerable purity can 
bo obtained by passing carbon dioxide through 
charcoal or coke at a temperature not lower 
than 1,000'’C., but if continuous operation is 
required, oxygen must be added to supply the 
heat removed by the decomposition of the carbon 
dioxide. The gases will invariably oontain 
some carbon dioxide, the amount depending 
on the temperature of the fire bed and the rate 
at which the carbori dioxide is blown tlmough, 
and this can be washed out with an alkaline 
carbonate solution which can be subsequently 
heated to decompose the bicarbonate formed. 
Nitrogen from the air and hydrogen from the 
decomposition of any water in the coke or carbon 
dioxide will also be present. 

Relatively pure carbon monoxide is also 
obtained from water gas when the Linde-Frank- 
Caro liquefaction process is employed for the 
separation of the gases, the carbon monoxide 
being separated as liquid. It is also obtained, 
mixed with a little hydrogen and nitrogen, when 
small quantities of carbon monoxide present in 
ammonia synthesis gases are removed by scrub- 
bing with ammoniacal copper solutions under 
pressure. When the pressure on the liquid is 
redjiccd or the liquid heated, the carbon mon- 
oxide it contains is evolved in a’ relatively pure 
form. 

The use of ammoniacal cuprous solutions for 
the removal of carbon monoxide industrially 
has been studied by Gump and Ernst (Ind. Eng, 
Chem. 1930, 22, 382) who concluded that an 
ammoniacal cuprous lactate solution, made 
from cuprous o.xide, lactic acid and ammonia 
gas, was the best for this purpose. At 0‘’C. 
the solution absorbed 12-15 times its own 
volume of carbon monoxide and when re- 


generated by heating to GO^C. gave a gas con- 
taining 97-99% carbon monoxide, with hydrogen 
and .nitrogen as impurities. No copper was 
precipitated from the solution as is likely w'hen 
formate or carbonate solutions are used. 

Carbon- monoxide-hydrogen mixtures can be 
obtained from gases containing methane by the 
action of steam or carbon dioxide under the 
influence of a catalyst (see Reactions with 
Hydrogen). 

Properties. — Carbon monoxide is a colour- 
less gas with, according to some, a metallic 
odour and taste. Its critical temperature is 
— 139°C., critical pressure 34-6 atm., and its 
critical density 0-311 g. per c.c. Its boiling- 
point is — 190°C. and melting-point — 207°C. 
The density of the gas at 0°C. and 760 mm. Hg 
is 1-250 g. per litre, and compared -n-ith oxygen, 
©2=1, is 0-8749. 

The following figures for the vapour pressure 
of the liquid are given in “ International 
Critical Tables,” 1928. 

patm. . 1 6-7 20-9 35 

t°C. . . -192 -170 -150 -139 

The determination of its specific heat at high 
temperatures is rendered difficult by its dissocia- 
tion into carbon dioxide and free carbon, and 
from a review of the literature, Partington and 
Shilling, “The SpeeificHeatof Gases,” 1924,give, 
for the true molecular heat at constant volume, 
in cals, per g. mol., the following equation : 

C„=4-970-f-0-00017f-b3-l X 10-’<2 

The values for Cp—Cf, at 0°C. and 20°C. are 
1-999 and 1-997 respectively and the ratio 
CpICv at O’C. is 1-407 (Schweikert, Ann. Physik, 
1915, [iv], 48, 593 ; 1916, [iv], 49, 433). 

Carbon monoxide is slightly soluble in -ivater. 
The volume of gas at 0°C. and 760 mm. Hg dis- 
solved by 1 vol. of water when the pressure of 
the gas, excluding that of the water vapour, is 
760 mm., is given below (Seidell, “ Solubility of 
Inorganic and Organic Substances,” 1919). 

t°G. . . 0 20 40 60 

Vol. gas. 0-0354 0-0232 0-0178 0-0149 

At 19'’C. under a pressure of 900 mm. Hg the 
volume of gas dissolved is 0-025 c.c. (S.T.P.) 
and at 8,000 mm. Hg 0-024 c.c. (Cassuto, 
Physikal. Z. 1904, 5, 233). 

Carbon mono.xide is adsorbed by wood char- 
coal to a small extent (see Homfray, Proc. Roy. 
Soc. 1910, 84, A, 99). 

The molecular heat of formation from graphite 
at constant pressure and 18°C, is 26,400 g. cals. 
(" International Critical Tables,” 1931), and the 
molecular heat of combustion at constant 
pressure and 25°C. is 67,623±30g. cals. (Rossini, 
Bur. Stand. .7. Res. 1931, 6, 37). 

Carbon monoxide decomposes to carbon 
dioxide and carbon at moderate temperatures 
when in contact -with firebricks which contain 
ferric oxide. The deposition of carbon is 
thought to cause the disintegration of firebricks 
of this type in coke ovens, etc. The promotion 
of carbon monoxide dissociation by various 
firebricks at 700°C. and lo-u-er has been investi- 
gated by Hubbard and Rees (Trans. Ceram, Soc. 



346 


CARBON MONOXIDE 


1929, 28, 277), who found that various fire- 
bricks, alumina, clay, ferric oside, etc., promoted 
the dissociation at temperatures as low as 
2C0''-300°C. and that the feme oside content 
of the refractory should bo reduced to avoid 
this reaction. 

The osidation of carbon monoxide by sol 
phates has been described by AVehmer (Ber. 
1926, 59, [B], 887) who found that carbon 
monoxide was removed from towns gas when 
this was incubated with soil. The action is 
due to soil microflora, the oxygen required 
being supphed by the sulphates present m the 
soil 

Toxic Effects. — When inhaled, carbon 
monoxide combmes with the hasmoglobin of the 
blood to the exclusion of oxjgen and, if it were 
not for this, it would be classed with hydn^n 
and nitrogen as a simple asphyxianL The 
result of this combination is that, when the 
concentration of carbon monoxide is sufficiently 
high, persons inhaling it collapse owing to the 
non functioning of the blood. There are no 
chronic after-effects when once the patient baa 
recovered. 

The effect of carbon monoxide on plants is 
xanable, sometimes being toxio and at others 
inert, but animals whose blood contains no 
hemoglobin are normal in an atmosphereof 80% 
carbon monoxide, 20% oxygen (sea JLUer, 
“ Plant Physiologj’,” 1031 i and Henderson 
and Haggatd, “ Noxious Gases," 1927). 

The reaction between carbon monoxide and 
hemoglobin u a rexeisible one 

RO,+ CO^RCO-(-0, 

(where R represents a molecule of hicnioglobio), 
BO that on breathing air or oxygen, the carbon 
monoxide is displaced. 

AU the c.'irbon monoxide inhnlei! docs not 
combine with the blood and it has been found 
that in an atmosphere contaming up to 0 114% 
carbon monoxide, if no work is done, a maximum 
of 40% of the amount inhaled w ill absorbed . 
if work is done, the amount increases to 45% 
(Vealc, Iron and Coal Trades ReMcw. 1922, 104. 
036). Combmation of carbon monoxide with 
hemoglobin takes place more rapidly at the 
beginnmg of the exposure and is increased with 
an increase in temperature. There appears to 
be a definite relationship between the amount 
of hiemoglobin, oxygen, carbon monoxide, and 
the p„ in equihbrium (Stadie and filartm, J. CIm. 
Research, 1925, 2, 77). An increase m H ion 
concentration hastens the elimination of carbon 
monoxide, thus explaining the beneficial results 
when oxygen contaming a little CO, is 
administer^ to a gassed person. 

Small individuals succumb more rapidly to 
carbon, monoxide than larger ones because the 
volume of their respiration is greater in relation 
to fbcir volume of blood. Thus mice or canaries 
succumb to tbe gas mnch more readily than does 
man, and for this reason they are us^ to detect 
the presence of dangerous amounts of carbon 
monoxide m suspected atmospheres. A man 
can breathe the same atmosphere for about 20 
times as long as a mouse or canary before 
becoming gassed. 


Hie effects of various concentrations of gas 
are given below (Henderson and Haggard, 

Ic.): 

Parts pet nuUioa 

Allows an exposure of several hours 100 
Allows an exposure of 1 hour with- 

out appreciable effect . . . 400-500 
Appreciable effect after 1 hour . 600-700 
Unpleasant but not dangerous after 

1 hour 1,000-1,200 ‘ 

Dangerous for exposure of 1 hour . 1,500-2,000 
Fatal in exposures of less than 1 

hour . . . Over 4,000 

WTien breathing an atmosphere containing 
high carbon monoxide concentrations, the in 
dividual collapses with practically no warning 
(as happens in a small closed garage with a car 
engine running) but with smaller concentrations 
a headache makes itself felt. 

With regard to the treatment of a gassed 
person, as carbon monoxide is not oxidised or 
destroyed by the body but expelled as carbon 
monoxide, it la important to hasten its elimina 
tion. (It has recently been suggested that as a 
result of contmued eicposure to small carbon 
monoxide concentrations, the absorbed carbon 
monoxide may be removed by some other pro 
cess ) ibid gassing cases only need a short 
rest and fresh atmosphere, but m more serious 
cases, oxygen contammg 5% carbon dioxide 
may be administered — the carbon dioxide, apart 
from Its effect on the pjj, abo stimulates lung 
action (Oxygen containing 6% carbon dioxide 
for this purpose is sold in cylmders.) Incases 
where the patient has collapsed, he should be 
removed into fresh but not cold air at once, 
covered with a blanket to keep him warm, and 
turned on his stomach with his head on one side. 
If he IS breathing, the oxygen carbon dioxide 
mixture should be administered for 15-30 
minutes, and if he is not, artificial respiration 
should also be carried out. Tho -oxygen* 
carbon dioxide mixture should be admuiistcred 
for 15-30 mmutes after breathing has been 
resumed The use of alcohol is inadvisable. 
The after treatment consists in keeping the 
'patient warm and comfortable to prevent 
pneumonia. 

When work is to be carried out in an atmo- 
sphere hkely to contain high amounts of carbon 
monoxide, the men engag^ on the work should 
be provided with a gas mask and, if working in 
places sueh as in tanks, should be attached to a 
Lfc Lne. The most satisfactory types of mask 
for general use are face masks to which air is 
blown through a flexible pipe, the air being blown 
by a manually driven blower and coming from 
an uncontaminated source. These masks are 
simple, foolproof, and only need keeping hygienic, 
whereas the canister type, which contain^ a 
catalyst for the combustion of carbon monoxide 
with air, wjil only deal with a limited amount 
of carbon monoxide and if used on rare occasions, 
areU-ely to be leas reliable than the simple fyP®j 
For rescue work, a gas mask used with a 
cylinder of oxygen strapped on the wearer s back 
is practically essential and whenever carton 
I monoxide is present in industrial gases, a number 
[of these mask oxygens sets should be kept in 
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strategic positions and a number of men 
trained in their use. 

Wl)en it is possible for carbon mono.xide to 
contaminate to an appreciable extent any 
atmosphere in which men have to work, a test 
should be piade using white mice or canaries, 
and these should remain with the workmen 
the whole time. Mice and canaries will give 
visible indication of gassing long before any 
harm will come to a human being. 

During the war, when the use of the masks 
indicated was not practicable, various catalysts 
were made for the oxidation of carbon monoxide 
to carbon dioxide by atmospheric air. The 
catalysts were placed in a canister attached to 
the mask. Among the catalysts were mixtures 
of copper oxide, manganese peroxide with 1-5% 
of ceric oxide as promoter, and a mixture, 
known as Hopcaliic, of copper oxide 30%, 
manganese peroxide 50%, cobaltic oxide 15%, 
and silver oxide 5%. The method of prepara- 
tion is very detailed, but the catalyst is extra- 
ordinarily active, so much so that, if used in air 
containing 2% carbon monoxide, the heat of 
reaction is sufficient to necessitate the cooling 
of the air before it is breathed. The gases are 
dried with calcium chloride before passing to the 
catalyst (Rogers, Piggott, Bahlke, and Jennings, 
J. Amer. Chem. Soc. 1921, 43, 1973 ; Merrill and 
Scalione, ibid. 1982; Almquist and Bray, ibid. 
1923, 45, 2305 ; Whitcscll and Frazer, ibid. 2841 ; 
Lamb and Vail, ibid. 1925, 47, 123). Copper 
oxide and manganese peroxide prepared by 
suitable methods can also catalyse the com- 
bustion of carbon monoxide at 20°C. and 0°C. 
respectively, and oxides of iron, nickel, cobalt, 
and silver can also bo made to give a measurable 
reaction at ordinary temperatures. 

Carbon monoxide burns in air with a character- 
istic blue flame and when ignited with air or 
oxygen gives a relatively slow explosion. 

Ignition Tempebatijkes. — ^The ignition tem- 
perature of any given mixture of gases depends 
on the method employed for igniting the mix- 
ture. If, at atmospheric pressure, carbon 
monoxide is passed into o.xygen, both gases 
being heated to the same temperature before 
mixing, the carbon monoxide ignites after half 
n second at 667'’C. and after 10 seconds at 
Glb^C. With air in place of oxygen, the tempera- 
tures are GflO'C. and 668°C. respectivel 3 ' (“ Inter- 
national Critical Tables,” 1927). By' applying 
an electrically heated wire to mixtures of carbon 
monoxide and air at atmospheric pressure, 
McDavid (J.C.S. 1917, 111, 1003) found that the 
minimum temperature of the wire which would 
cause an instantaneous e.xplosion wfis 931°C. 
By compressing mixtures adiabatically until 
ignition took place, and calcidating the ignition 
temperature from the degreo of compression, 
Falk (J. Amer. Chem. Soc. 1906, 28, 1617 ; 
1907, 29, 1536) obtained the following ignition 
temperatures : 


eco-f-o 721°C. 

4CO-hO; 628‘’C. 

2C0-f02 601°C. 

CO-bO 624°C. 

SCO-bO^-fN, CSl'C. 

2co-bO,-b2N, ess'c. 


Mixtures of carbon monoxide and oxygen 
which are very dry are difficult to ignite, and 
Bone and Weston (Proc. Roy. Soc. 1926, A, 
110, 620) found the minimum condenser spark 
energy necessary to ignite a mixture of 2 C 0 -b 02 
was about 30 times greater in the case of a 
calcium chloride dried mixture than for one 
saturated with water vapour at 17°C. 

Limits op iNFLAMMABiUTy. — ^The limits of 
inflammability of any given gaseous mixture 
will depend on the direction in w’hich the flame 
is moving and on the size of the vessel through 
which the flame is passing. With mixtures of 
carbon monoxide and air, containing 1% water 
for the lower limits and 2% for the upper, con- 
tained in glass tubes and ignited by sparking. 
White (J.C.S. 1924, 125, 2387) obtained the 
following figures for the limiting percentages of 
carbon monoxide in air, outside which the mix- 
ture would not propagate flame. 


1 

Tube 

diameter, j 

Prop.'igation. 

Upward. 

Hori- 

zontal. 

DoWmv.ard. 

2-5 cm. 

13-2-71 -0 

15-9 

16-3-70-0 

50 „ 

13-1-72-0 

13-1 

16-7-70-5 

7-5 „ 

12-8-72-0 

13-6 

15-3-70-5 


The effect of increasing the temperature is to 
widen the limits, and White (J.C.S. 1921, 127, 
672) found that with a tube 2-5 cm. diameter, 
the limits for the carbon monoxide concentra- 
tion in carbon monoxide/air mixture for down- 
ward propagation were : 

At 100°C 14-8-73-7 

„ 300°C 12-4-75-0 

„ 400°C 11-4-77-5 

The limits also widen when oxygen replaces 
air and under conditions of downward pro- 
pagation the limiting percentages of carbon 
monoxide which for air mi.xtures were 15-6-70-9 
became 16-5 and 93-5 with carbon monoxide- 
oxygen mixtures (Terres, J. Gasbeleucht. 1920, 
63, 785, 805, 820, 836). 

The effect of pressure is considerable. Coward, 
Cooper, and Jacobs (J.C.S. 1914, 105, 1069) 
determined, for different mixtures of carbon 
monoxide in oxygen, the pressures below which 
the mixtures would not ignite. The results are ; 


CO in 

Pressure, 

% CO in 

Pressure, 

Oj. 

mm. Hg. 

Oj. 

mm. Hg. 

94 

>400 

1 40 

26 

91 

99 

33 

32 

80 

55 

! 25 

74 

75 

50 

i 20 

92 

50 

30 

15. 

148 


A large amount of work on the explosion 
of different mixtures of carbon monoxide and 
air and oxygen at high initial pressures has been 
carried out during the last 16 years or so bj' Bone 
and his co-workers, and the original papers 
should be consulted. An account of his earlier 
work is given in “ Flame and Explosion in 
Gases,” Bone and Townend, 1928. The limits 
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of mflammabilitj for mixtures of 
monoxide and air when exploded in a apli^rif*! 
bomb are 16 2-66 3% carbon monoxide 
10 atm. initial pressure. 20 3-57 8 at 50 #tm., 
and 23 1-52 3 at 125 atm. 

Speed of Imtial Umfoem MovEHEifT* — 
ilixtures of air or oxygen and carbon monoxide, 
when dried over phosphorus pentoiidey 
difBeult to igmte and bum slowly, the **te 
depending on the dryness. The speed of unif®™ 
movement of carbon monoxide-air flames di>™g 
their imtial phases in horuontal glass 
2 5 cm. diameter has been measured by Chap™“ 
(J.C.S. 1921, 119, 1677). With mixtures 
ated with water xapour at 12®C. the 
with a mixture contaming 20^o carbon moiK**«d* 
IS 25 cm. per aec. This increased to a 
maximum of 62-63 cm. per aec. at 4S-S0% 

aec. with 70% carbon monoxide. With oxjg^o 
instead of air, these speeds are increased 
siderably, a mixture contaming 50% 
monoxide saturated with water vapour at 12 5*0. 
having a speed of 144-147 cm. per sec., 60% 
carbon monoxide a speed of 163-167 cm» P*5 
sec., 80% carbon monoxide a speed of 10l“^95 
cm. per aec., and 92 5% carbon monoxide a 
speed of 51 cm. per sec. 

Rates of Exp«)sion. — T he classic votjt ot 
Dixon published in the “ Proceedings of •“* 
Ro;}a] Society ” and the “ Philosophical Tt*™- 
actions of the Royal Society of London ” 
the end of last century and continued piQce, 
must be consulted for details on the meaning 
and determination of the rates of explosion of 
mixtnrea contammg carbon monoxide, pixon 
found that where an explosion wave wa^ 
up in CO-0« matures, its speed varied 
siderably with the water content of th^ «• 
plodmg gases. With the mature SCO+Oj 
dried over sulphune acid and phosphonia jienl- 
oxide, the speed of the explosion, with 
gases initially at atmospheric pressure, was 
found to be 1,264 m. per sec. U ith the 
saturated with water vapour at 10“C , the eP®«d 
waa 1,676 m. per sec. A maximum of 1.738 
m per sec. was reached with the mixture a^tur 
ated at 35®C. 

Jleasurements of the pressures deveJ^P^ 
dunng the explosion of various mixtures 
taimng carbon monoxide haie been used for 
the determination of the specific best# of gs^es 
at high temperatures (Pier, Z. Elektrocbom. 
1910, 16, 897;Bjcrrum, Z. physikal Chem. >912, 
79, 537), and a thorough study of exploewO* of 
these mixtures at high mitial pressures (50 *1™- 
and higher) has been made by Bone an^ 
collaborators and published in the Proc. Roy- 
Soc. for 1919 and onwards. Bone found that, 
whilst the maximum explosion pressure of both 
dry and wet CO-O^ mixtures waa relat'^^Iy 
slowly reached, the presence of a small anjount 
of hydrogen caused the maximum pressur* *o 
bereach^ much more rapidly. 

Reaction with Cabbon. — Por the calcuI**'on 
of the equihbnum constants of a number of 
fundamental reactions, tte Saunders, J. Ph/wc** 
Chem. 1924, 28. 1151. 

2CO=CO,+ C 


The reaction of carbon dioxide with carbon 
or the dissociation of carbon monoxide u one 
that haa to be considered whenever the tempera- 
ture of carbon monoxide is raised above about 
600®C. Boudouard (Ann. Chim. 1901, [vii], 24, 
5) and Rhcad and Wheeler (J.C.S. 1910, 97, 
2178) studied this reaction and the following 
table, showing the percentage of carbon dioxide 
by volume, in equilibrium with carbon (graphite) 
and carbon monoxide at atmospheric pressure, 
has been taken from their results. 


fC. 

%co. 

rc. 

% CO, 

600 

77 

1,000 

0 59 

700 

42 

1,100 

015 

800 

7 

1,200 

006 

1 ItMi 

1 


1 


Rhead and Wheeler {otind that the resction 
between earbon dioxide and carbon at 850°C. 
took place 166 times faster than the carbon 
monoxide dissociation at the same temperature. 

These results explain why carbon monoxide 
IS produced by passmg air or carbon dioxide 
over red hot coke as in the manufacture of 

f iroducer gas and water gas, and in the blast, 
uniacc, etc., and show that consideration must 
be given to this reaction whenever proccssci 
using either carbon monoxide or carbon dioxide 
at a high temperature are emplo}ed. The 
nature of the carbon also influences the equdi- 
bnum, although at high temperatures the 
carbon will eventually become mphitbed, and 
the aame result will m obtained irrespective of 
the carbon onginally employed (Dent and Cobb, 
J.C.S. 1929. 1903). 

Reaction wmi Oxygen.— 

CO+iO,=.CO, 

The dissociation of carbon dioxide into carbon 
monoxide and oxygen takes place to an ap- 
preciable extent only at high temperatures. 
The table below has been drawn up from 
measurements made by Nemst and von ^Varten 
burg (Z. physikal. Chem. 1906, 66, 548.) Lang- 
muir (J. Amer. Chem. Soc. 1906, 28, 1357), 
and l^wenstem (Z. physikal. Chem. 1905, 54, 
707). 

rC. 1,100 1,200 1,300 1,550 

% CO, dissociated 0 014 0 032 0 047 0 4 

Reaction wrrii Steam. — 

H,+ CO,= H,0+CO 

Equilibrium determinations for this reaction 
have been carried out by llabn (Z. phjsikal. 
Chem. 1903, W. TOJ ; 1W4. Vi, "rJli'i -wh/i. 
approached the equihbnum from both sides o^cr 
heated platinum as a catalyst, and by Haber 
and Riefaardt (Z. anorg. Chem. 1904, 38, 5) who 
used flames. 

The following figures have been obtained from 
their results and show how the equihbnuni 
constant at constant pressure vanes with the 
absolute temperature : 
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•K-p_ PHjO’Pco 




PH2'PC02 



T°K . 

. 800 1,000 

1,200 

1,400 

Kp . . 

. c. 0-2 0-65 

1-32 

2-08 

rK . 

. 1,600 1,800 

2,000 

— 

Kp . . 

. 2-95 3-80 

c. 4-7 

— 


Bryant (Incl. Eng. Chom. 1931, 23, 1019) dis- 
cusses the specific heats of the gases involved 
and the calculation of the free energy and equili- 
brium constant of this reaction in 30.me detail. 
He gives the heat of reaction at 298°K, as 9,751 
g.-cal. (see also Neumann and Kohler, Z. Elektro- 
chem. 1928, 34, 218). 

This reaction is used industrially for the manu- 
facture of hydrogen from gases containing carbon 
monoxide, usually water gas. Steam, in excess 
of the requirements of the above equation, is 
added to water gas and the mixture heated by 
passage through interchangers by which the 
gases, after the conversion of carbon monoxide 
to carbon dioxide are cooled. The heated mix- 
ture is then passed through a catalyst, usually an 
oxide of one of the metals of the iron group, at 
about 600°C., which converts most of the 
remaining carbon monoxide to carbon dioxide. 
The reaction is exothermic, and in order to keep 
the temperature from rising too high, and so 
preventing the conversion taking place, since 
lower temperatures favour the production of] 
hydrogen, some of the heat in the partly con- 
verted gases is used to pre-heat the inlet gas 
mixture. The partly cooled, partly converted 
mixture is then passed through a second 
catalyst chamber, where the carbon monoxide 
content is reduced to about 4:-5% depending 
on the temperature, quantity of excess steam, 
rate of passage of the gases, and catalyst 
activity. The gases are then partially cooled 
by passing through more interchangers where 
they heat the inlet gas, and are finally cooled 
by washing with water. When used for ammonia 
synthesis or hydrogen production, the carbon 
dioxide is washed out of the mixture with 
water under pressure (usually 25 atms. or 
higher), and the remaining carbon monoxide 
is removed by washing with ammoniacal copper 
solutions or similar absorbents under higher 
pressure. The carbon monoxide is recovered 
from the solution by releasing the pressure or 
raising the temperature, and passes back to the 
inlet of the converters. A large number of 
catalysts have been proposed (most of which 
have been patented), with and without pro- 
moters, but if the catalyst is very active, sulphur 
compounds have usually to be removed from the 
gases before conversion. It has been claimed 
recently that very active sulphur-proof catalysts 
can bo used for the reaction. Among them are 
magnesium oxide with a promoter from the 
uranium group (U.S.P. 1866246) or the fused 
oxide of a metal of tlic iron group and copper 
oxide (U.S.P. 1865770). 

An experimental plant has been erected on the 
Continent for the removal of carbon mono.xide 
from towns gas using the reaction 

CO-b H„ 0 -(-Ca 0 =CaC 03 -f H, 


at 500°-600°C. The organic sulphur compounds 
are converted to HjS and the carbon monoxide 
is reduced to less than 1%. The lime is re- 
generated at 800°-900'’C. in the presence of air. 
It is very doubtful if this process is practic- 
able (Chim. ct Ind. 1930, 24, 235). 

Reactions with Hydbogen. — A remarkable 
number of different compounds can be obtained 
from mixtures of carbon mono.xide and hydrogen 
by catalytic action, the products depending on 
conditions and catalyst. 

(a) Methane Formation . — ^The simplest re- 
action is one in which methane is formed: 

C0-f3H2=CH4-bH20 

The equilibrium constants below are given in 
“ International Critical Tables,” 1930. 

If - PCH4‘PH20 

PcO’P^Hj 

T“K . . 1,133 1,213 1,307 1,325 

log Kp . . -2-37 -3-09 -4-06 -4-31 ■ 

The formation of methane is favoured, therefore, 
by higher pressure and low temperature. 

The reverse reaction has been used, under the 
action of a suitable catalyst, for the production 
of hydrogen from gases containing methane. 
Catalj'sts made from nickel nitrate or nickel 
nitrate-aluminium nitrate on a refractory sup- 
port are stated to be satisfactory, temperatures 
of 900°-l,l00'’C. at atmospheric pressure giving 
a maximum conversion with a minimum amount 
of side reaction. Refractories alone can be used 
to promote the methane-steam reaction at 
1,000°C., but carbon is deposited through the 
decomposition of carbon monoxide (Hawk, 
Golden, Storch, and Fieldner, Ind. Eng. Chem. 
1932, 24, 23). The reaction in which carbon 
dioxide is used in place of steam is also discussed 
by the same authors, who quote the equilibrium 
constants of the reverse reaction, 

CH4-1-C02=2C0+2H2 


PcH^'PcOj 

T°K . 1,073 1,173 1,273 

Kp . . 195 2-35x103 1-90 Xl0« 

It appears to be advisable to use sulphur-free 
gases for these reactions between carbon mon- 
oxide and hydrogen althougTi Hawk, Golden, 
Storch, and Fieldner used a natural gas with a 
very low sulphur content. 

The formation of methane from gases contain- 
ing hydrogen and carbon monoxide, in order to 
increase the calorific value of the gas mixture, 
can be carried out by passing the gases over 
finely divided nickel at temperatures of about 
250'’C. Sulphur-free gases must be employed in 
order that the catalyst shall not be poisoned, and 
excess hydrogen, or low percentages of carbon 
monoxide (below 17%) must be used to prevent 
the deposition of carbon from the reaction 

2C0=C-hC02 
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(6) Methyl Alcohol — 

CO+2Hj=CH, OH 

Kp=P^,OH 
Pco P H, 

The ^ alues for the equilibrium constant of this 
reaction at different temperatures ba\e been cal- 
culated by Kellej (Ind. Eng Chem 1D26, 18, 
78). The figures gi\en are : 

TK 300 500 

Kp 070x10* 316x10-^ 

T°K 700 1000 

Kp 154 xlO-* 206x10-^ 

The reaction is fa^ ourcd by an increase in pres 
sure and a decrease in temperature (ace also 
Kelley, ibid 1929, 21, 353). 

This reaction is used to a considerable extent 
in industr 3 ’, where it is carried out under high 
pressure, about SOOatms .and at a temperature 
of 300‘’-400”C The compressed carbon mon 
oxide-hydrogen mixture is passed through an 
interchanger, where the gases are heated by the 
con\ cried gases, and then through a catalyst 
A eonrersion of up to 15% is obtained, depend 
ing on the conditions and activity of the catalyst, 
the meth}] alcohol in the mixture is separated 
by cooling m a condenser After separation of 
the alcohol, the gases are sent back to the con 
tersion chamber In some cases, the gases 
hare been passed through a number of catalyst 
vessels, the meth^lakohol being separated after 
each scsBcl by cooling Pressures as high as 
900 atms have been proposed for this reaction 
Tho catalysts used are zinc carbonate and a 
mixture of zinc and chromium oxides, and m 
order to avoid the formation of methane, (be 
catalyst vessels, etc, should be lined with 
metals such as copper, silver, aluminium, or 
allovs which do not give carbonyls If (he 
temperature is raised above 400®C, methane 
forma tJon3ncrea«cs, and the production of higher 
alcohols, ketones, aldelijdcs, etc, occurs The 
pre«enco of sulphur compounds m the gas used 
for making mcthjl alcohol tends to poison the 
catalyst, but this is not scnouswith low sulphur 
concentrations. A large number of patents have 
been taken out within recent j cars in connection | 
with this process {see B P 2S8887 , and Crjdcr; 
and Frolich, Ind. Eng Chem 1929, 21, 867) 
The use of alkahsed iron catalysts under pressure 
to give higher alcohols has been described by 
Frolich and Lewis (tbtd. 1928, 20,354). 

(c) Hydrocarbons. — By selecting suitable 
methods of preparation of special catalysts. 
Fischer and Tropsch (Brennstoff-Chem., 1926, 
7, 97) have made, from bj’drogen and carbon 
monoxide mixtures (water gas) at ordinary 
pressures, a number of liquid aLphalic hydro- 
carbons. The temperatures of the reaction 
need careful control, depending on the catalyst, 
in order to suppress tho formation of methane ; 
the temperatures used are 150®-300®C. and 
metals of tho iron group have been used as 
catalysts in addition to mixtures of (he oxides 
of chromium, zme, and the rare earths. Sulphur 
compounds must be removed from the ga«es. 


This and similar reactions maj’ become very 
important industrially in the future. 

The equilibrium between carbon monoxide 
hydrogen, and a number of hydrocarbons and 
alcohols lias been calculated by Smith (Ind 
Eng. Chem. 1927, 19, 801) 

(d) Synthol . — Using mixtures of carbon mon- 
oxide with excess hydrogen, and pissing the 
mixture over an alkahsed iron catalyst at 
400“C. and 150 atm. pressure, Fischer («e 
“ Conversion of Coal into Oils,” 1925) obtained 
a mixture which he termed “ Synthol,” consistmg 
of akohols up to Cj, ketones, aldehydei, 
acids up to Cg, and various esters, with a 
composition C, 69%; H, 12%; O, 18%, of 
which 37% distilled below 100°C. and 97% 
below 200°C. The catalyst has a considerable 
effect on the product, a weak base with the 
catalyst givnng water soluble compounds, and a 
strong base oily products. See also Fischer 
(Brennstoff Chem. 1935, 16, 1), who summarises 
the work on this process, including tho prepata 
(ion of tho gases and catalysts 

(e) Carboxylalion , — Carbon monoxide can be 
used to carboxylate mcthj’l alcohol to give 
acetic acid according to the reaction 

CHj 0H4-C0=»CH, CO OH 

and to give formic acid by causing steam, 
hydrogen and carbon monoxide to react under 
suitable conditions These reactions may be 
important m connection with artificial silk 
manufacture. 

The foimation of acetic acid takes place when 
methyl alcohol and carbon monoxide arc allowed 
to react over acid catalysts such as boric acid, 
phosphoric acid and phosphomolybdic acid 
at 100-300 atms. pressure and 3O0M00°C. 
(B.P. 283980) or at 200®-250®C. at ordinary 
pressure m the presence of methoxides of zme 
or aluminium (B P. 264558, 268845). 

Sodium formate can be obtamed by pas'ing 
carbon monoxide under pressure over lumps 
of caustic soda containing a little water at 
100®-120°C. ^'arlous niodiCcationa have been 
proposed and a number of patents obtained for 
these reactions. 

(/ ) 2£iKeUaneou3 Comporiiirfs —A large num 
ber of patents have been taken out cov enng the 
reactions of carbon monoxide with hydrogen 
under the influence of cataljsts to give vanous 
products. The formation of olefines, used for 
the manufacture of alcohols, by using oxides 
of cobalt, copper, and manganese as catalysts 
at 280®-300'’C. (B.P. 291867), of formaldehyde 
using magnesium, zinc, and mixed oxides of 
magnesium and antimony at 200°-600*C'. 
(B.P. 272,155), of formamlide, etc , by the action 
of carbon monoxide on primary and secondary 
aiylamines in tho presence of sodium mcthoxide, 
or hydroxide, and of isobutyl and higher alcohols 
from carbon monoxide and methyl alcohol arc 
examples. 

Reictiov with Chlobixe. — The formation 
of phosgene used for dyestuffs manufacture and 
in gas warfare can be earned out by passmg a 
mixture of carbon monoxide and chlorine oi rr 
platinum sponge at 400'C. The jreaction also 
takes place in sunlight, and on charcoal. 
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Reduction of Metals. — Carbon monoxide 
is a .strong reducing agent, and -n'iH reduce 
metallic oxides to metals, usually at a lower 
temperature than will hydrogen. The reducing 
action of carbon monoxide plays an important 
part in connection with the production of iron 
in blast-furnace and in the manufacture of 
various steels. 

In addition, carbon monoxide forms a number 
of metallic carbonyls by direct action with the 
metals, and use is made of this property in the 
production of nickel by the Jfond process. 
Nickel ores, containing nickel, copper, cobalt, 
iron, etc., are roasted, crushed, and treated 
with sulphuric acid, so as to concentrate the 
nickel. The mixture of oxides, containing about 
50% nickel, is passed into a chamber with water 
gas at up to 300°C. when the nickel oxide is 
reduced to metallic nickel. The temperature 
must not be high enough to cause the reduction 
of the iron oxide to metallic iron, since this 
might give iron carbonyl, which would later 
decompose and contaminate the nickel. The 
reduced ore is then treated with a gas rich in 
carbon monoxide (about 80%) at a lower tem- 
perature (o0°-100'’C.), when some of the nickel 
is converted to the carbonyl, the gas leaving this 
section containing about 2% Ni(CO)j. This 
gas is then passed into a vessel containing small 
nickel pellets at a temperature of ISO^C., when 
the carbonyl decomposes, depositing its nickel 
on the small pellets, the gases being re-cycled. 
If the temperature is above 200°C. carbon 
deposition from the carbon monoxide is likely to 
take place and so contaminate the nickel. The 
nickel pellets are screened, the smaller ones being 
returned, and the larger ones becoming the 
finished product. The ore from the “ carbonyl- 
ing ” section is returned to the reducing section 
when it recovers its property of forming car- 
bonyls, while the gas losses in the system are 
made up by passing the gases from the ore 
reducing section through hot charcoal. 

Iron carbonyl occurs in small quantities 
(0-0003 g. per 100 litres) in towns gas according 
to the conditions of the supply mains (Griffith 
and Holliday, J.S.C.I. 1928, 47, 31 IT). 

Detection and Analysis. — Small amounts 
of carbon monoxide can be detected by passing 
the gas through a dilute solution of palladous 
chloride or by its action on paper soaked in this 
solution, when a darker colour is obtained owing 
to the production of metallic palladium. Various 
other reducing gases, however, cause this 
reaction. The reaction of carbon monoxide 
with blood can also be used by passing the gas 
through a dilute aqueous solution of blood when, 
if carbon monoxide is present, the solution will 
give a characteristic absorption spectrum with 
two dark absorption bands between the D and 
E lines, which do not disappear on the addition 
of ammonium sulphide. 

The quantitative determination is best carried 
out in the case of gases containing large quanti- 
ties of carbon monoxide (above about 0-25%) by 
absorption in an ammoniacal solution of cuprous 
chloride. If unsnturated gases such ns acetylene, 
ethylene, etc., are present thej’ must be re- 
moved before the carbon monoxide is absorbed. 
The use of copper ammonium lactate in place 


of the chloride is stated to be an improvement 
(Gump and Ernst, Ind. Eng. Chem. 1930, 22, 
382). The carbon monoxide in the gas can be 
burnt to carbon dioxide by exploding with air 
or oxygen, by passage with air over heated 
palladium wires, or by combustion over copper 
oxide ; the carbon dioxide is determined by 
adsorption in soda-lime, etc., or the contraction 
in volume can be measured. In connection with 
this method, a good deal of work has been carried 
out on the oxidation of carbon monoxide only, 
in the presence of hydrogen, Hopcalite being 
found to o.xidise the carbon mono.xide in mix- 
tures of hydrogen, carbon monoxide, and air 
without burning the hydrogen, so long as the 
percentage of carbon monoxide does not exceed 
1% (Lamb, Scalione, and Edgar, J. Amer. Chem. 
Soc. 1922, 44, 738). The use of copper oxide at 
280°C. for the same purpose has also been 
proposed (King and Edgecombe, D.S.I.R. Fuel 
Research Tech. Paper No. 33, 1931). 

The best method for the determination of 
I small quantities of carbon monoxide is by 
I measuring the amount of iodine liberated when 
iodine pentoxide is reduced according to the 
equation : 

l205-t5C0 = 5C0j-H2 

Unsaturated hydrocarbons must first be 
removed and, if the carbon monoxide is to be 
determined in the gases resulting from a coin,- 
bustion, oxides of nitrogen must also be re- 
moved. The gases are passed through caustic 
potash, calcium chloride, and phosphorus 
pentoxide, then through iodine pentoxide at 
160°C., the iodine liberated being dissolved in 
potassium iodide solution and the carbon 
dioxide absorbed by caustic potash solution 
and soda lime ; both the iodine and carbon 
dioxide liberated can be determined. Methane 
is not affected by iodine pentoxide under these 
conditions. The iodine pentoxide must be pure, 
the commercial product is best purified by heat- 
ing to about 210°C. for about 2 days while air 
or nitrogen is blown through it, to remove any 
unstable compounds which may bo present. 
The method is claimed to be accurate to 0-002% 
(sec Wood and Howarth, Gas. J. 1926, 175, 
787 ; ibid. 1927, 178, 824 ; Davies and Hartley, 
J.S.C.I. 1927, 46, 201, T ; Gas. J. 1928, 182, 
880 ; Vanda veer and Gregg, ibid. 1929, 187, 
5.53 ; Edcll, Ind. Eng. Chem. 1928, 20, 275). 

Automatic recorders have been used in which 
the carbon monoxide is burnt over a catalyst, 
and cither the temperature rise measured by a 
thermocouple, the method being claimed to" be 
sensitive to 1-2 parts carbon mono.xide per 
million (Fieldner, Katz, and Meiter, Eng. News 
Rcc. 1925, 95, 423) or by mixing the gas with 
o.xygcn obtained by the electrolysis of caustic 
soda solution, and passing the mixture over a 
catalyst of iron and chromium oxides containing 
a little .eoria and thoria heated to 230°C. The 
carbon dio.xide evolved is absorbed by a solution 
of calcium hydroxide and the change in con- 
ductivity measured (Rideal and Taylor, Analyst, 
1919, 44, 89). S. W. S. 

CARBON SUBOXIDE, CjO,. Malonic 
anlydride. 

First isolated by Diels and Wolf, who heated 
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diethji malonate with a large excess of phos* 
phorua pentoxide at 300^, the following reaction 
oceumng : 

CHj(COOC,H,),-i- 2H,0+2C,H«+Ca0j 
{Ber. 1906, 39, 689). Other eaters of maloiuc 
acid and malonie acid itself also jield the sub- 
oxidc when similarly treated (Diels and Meyer 
heim, Ber. 1907, 40, 355). The poor yields 
obtained by this method were shown to be due 
to polymerisation of the carbon suboxide, and 
Stock and Stoltzenberg (Ber. 1917, 60, 498) 
by the rapid removal of the reaction products 
from the phosphorus pentoxide have improved 
the yield to 25%. Staudmger and Klever (Bet. 
1908, 41, 906) claim an 80% yield hy the action 
of zinc upon dibromomalonyl bromide in ether 
solution, whereas malonyl chloride on treat- 
ment with silver oxide gives only 5-10% 
(Staudmger and Bereza, Ber. 1908, 41, 4161). 
The most convenient and satisfactory method 
of preparation, the pyrolysis of diacetyltartanc 
anhydride, was discovered by Ott (fier. 1914. 
47, 2388) who m this way obtained a yield of 
42 5% (Araer. Chem. Abstr. 1923, 17. 36). A 
yield of 41% using lai^er quantities of matenal 
was made possible hy Ott and Schimdt (Ber 
1922, 55, [Bj, 2I26)i who designed an apparatus 
in which the vapours of diacetyltartanc an* 
bvdnde were passed over a heated platinum 
mament. An unproved apparatus raises the 
yield to 60-73% (Kobe and Reyetson, J 
Fhysieal Chem. 1931, 35, 3025], while as much 
as 49% may be obtained by passage of the 
anhydride vapour through a Pyrex glass tube 
heated to 625^-650^. Carbon monoxide is said 
to yield some carbon euboxide on passage 
through an ozoniser (Ott, Ber. 1925,59, [B], 772). 

Carbon suboxide is a gas with an intolerable i 
odour s in small amount it acts as a Uchrymatoiy I 
and m higher concentration produces a feeling of ' 
sudocation. It may be condensed to a mobile 
liquid, bp. +V, m.p. -lOT" to -108* (Diels 
and Wolf) or —113® (Stock and Stoltzenberg), 
and of density 1 11 at 0°. The vapour pressure 
of the liquid has been measured by Stock and 
Stoltzenberg (1 c.), and by Edwards and Williams 
(J.CS. 1927, 855) It is quite stable at room 
temperatures when kept in clean vessels free 
from all moisture, but the presence of mercury 
or w ater > apour eSects polymerisation of the gas 
to a red solid. Liquid carbon suboxide changes 
within 24 hours to a solid amorphous dark red 
solid which IS soluble in water. The polymen- 
sation of the gas is probably a catalytic surface 
reaction as its velocity cannot be expressed by 
any simple formula (Edwards and Williams, 

I c.). Stock and Stoltzenberg consider the 
polymerisation to be nutocatalytic. The sobd 
red polymer loses carbon dioxide at 37® and is 
then only partly soluble m water. On further 
beating carbon dioxide, monoxide, and some 
Buboxide are evolved. After a thorough investi* 
gation of the polymerisation of the gas Klemenc, 
U’echsberg, and Wagner (Z. physikal Chem. 
1934, 170, 97, and Z. Electrochem. 1934, 40. 
438) conclude that it is an irreversible reaction, 
catalysed by the walls of the xessel, and follows 
a unimolecular law after a penod of induction. 
Both gaseous and polymerised material yield 


I carbon dioxide and monoxide at 200®C. ; prior 
to polymerisation at this temperature a carmine 
red gas is formed, which from absorption spectra 
data 13 postulated as C,, the decomposition of the 
euboxide being represented by the equation:— 

CjOj?=iCO,-fC, 

Structural formulae for polymerised carbon 
I euboxide have been suggested by Hartley 
I (Chem. News, 190C, 94, 40) and by Diels, 
Beckmann, and Tonnies (Annalen, 1924, 439 
76). 

I The constitution of carbon suboxidc has given 
[rise to control ersy, but the diketene formula 
I of Diels and Wolf, 0=C=C=C=0, is iJie one 
usually accepted, although a cyclic formula 


O 

\c/ 

suggested by Michael (Ber. 1906, 39, 1915) is 
possible. The inter atomic distances have 
been determmed by the electron diffraction 
method (Brockway and Pauling, Proc. Nat 
Acad.Sci. 1933.19, 860 ; e/. Boersch, Naturwiss, 
1934,22, 172 ; and Monatsh. 1935. 65, 311) 

Chemical properties ore similar to those of a 
diketene; it reacts with water to gne malomo 
acid, with ammonia and amines to give malou 
amide and malondiamides (Diels and Wolf, if, 
and Pauw, Rec trav. chim. 1936, 55, 216], with 
dry hydrogen chloride to give malonyl chloride, 
and with bromine to give dibromomalonyl 
bromide. With formic and acetic acids com 
pounds are given with the properties of mixed 
anhydrides of malontc acid and formic or arctic 
acids (Diels and Lahn, Ber. 1008, 41, 3426 , 
Diels, Bechmann, and Tonmes, I.c.}. Hydroxyl- 
amine yields lualonhydroxamic acid (Hurd and 
Pilgrim, J. Amer. Chem. Soc. 1933, 55, 757), 
but phenylhydrazine ultimately yields 1 -phenyl- 
3 5-diketopyrazolidine and not the expected 
malonyl bis-phenylhydrazide (van Alphen, Rec. 
trav. chim. 1924, 4S, 823). With urea a small 
quantity of barbituric acid is fonnwl, and w ith 0 , 
p , end n-phenylene diamines high-melting, in 
soluble colourless compounds are produced The 
reaction of carbon auboxide with sulphur dioxide 
has bren described by Diels and Hansen (Ber. 
1926, 59, [B], 2555), and with hydrogen sulphide 
by Diels, Beckmann, and Tonnies (i c.)- Cata- 
lytic hydrogenation over nickel or palladium 
coated sihea gel gives carbon dioxide and 
propylene, and some acetic acid (Kobo and 
Reyecson, J. physikal. Chem. 1031, 35, 3025). 

Carbon euboxide may bo quantitatively 
determined by solution in water and subsequent 
titration of the malonie aad. Analysis of 
mixtures of carbon euboxide, monoxide, and 
dioxide IS described by Klemenc, Weehaberg, 
and Wagner (Monatsh. 1035, 65, 405), accurate 
assay being possible w ith as little as 1 c.c. of gas. 

Reviews upon the chemistry of carbon su^ 
oxide occur in Chemical Reviews, 1930, 7. 
479, by fteyerson and Kobe, and in the Journal 
of Chemical Education, 1931, 8. 232, by Kobe. 
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CARBON TETRACHLORIDE, TE- 
TRACHLORM ETHANE, CCI4. Istro- 
vucrioy. — C<irbon tetrachloride was discovered 
by Regnault (Annalen, 1840, 33 332), who 
prepared it by the action of chlorine on chloro- 
form in sunlight, this preparation being followed 
by that ofDunias {ibid. 1840,33, 187) bychlorina- 
tion of methane ; and of Kolbe {ibid. 1843, 45, 
41 ; 1845, 54, 146) by passing carbon disulphide 
saturated with chlorine through a red hot tube. 

A modification of Kolbe’s method is in use 
to-day for the large scale manufacture of carbon 
tetrachloride in which chlorination of carbon 
disulphide takes place at low temperature in the 
presence of a catalyst, while, so far as is known, 
the only other technical process which has made 
any headway on a large scale is that of Dumas. 
In districts where plentiful supplies of natural 
gas are available a large amount of research 
has been carried Out on the production of 
chlorinated hydrocarbons, especially of the 
methane series by direct chlorination. Difficul- 
ties, however, arise in connection with the 
control of reaction conditions to give one 
chlorinated product only, and not a mixture of 
several compounds of differing chlorine content 
which have to be separated by distillation ; 
while the large quantities of hydrogen chloride 
evolved during reaction are not required in- 
dustrially owing to the extent of the supply 
from other sources. For these reasons it is very 
doubtful whether the direct chlorination of 
methane is used to any large extent on the 
industrial scale outside the particular areas 1 
where natural gas occurs. 1 

Methods of PREPAEATioh*. — A summary of 
the extensive literature dealing with the develop- 
ment of the manufacture of carbon tetrachloride 
is given below. 

(a) Chlorination of Carbon Disulphide . — Early 
work was concerned largely with examining a 
variety of catalysts for the Kolbe reaction, 
described previously, in an attempt to reduce 
the necessary temperature to a minimum. 
Hofmann {ibid. 1860, 115, 264) showed that 
antimony iientachloride reacted with carbon 
disulphide alone, without the addition of 
chlorine, the mixture warming up, while on 
cooling, cr 3 'stals of antimonj' trichloride mixed 
with sulphur were deposited, and carbon tetra- 
chloride remained in solution in unconverted 
carbon disulphide. 

Crump (Chem. News, 1886, 14, 154) showed 
that bromine, and Morel (Compt. rend. 1877, 
84, 1460) that iodine, could be used as chlorine 
carriers, while Serra (Chem. Zentr. 1899, ii, 
1098) used iodine in the presence of metallic iron. 

A largo number of catalysts are available for 
the reaction, e.g. molybdenum pentachloride 
(Aronheim, Ber. 1876, 9, 1788), the chlorides of 
phosphorus, arsenic, antimon 3 ', and metals of 
the iron group. Ochi (J. Chem. Ind. Japan, 
1919, 22, 897 ; Jap. P. 34917, 1919) investi- 
gated the chlorination of carbon disulphide, and 
showed that antimony’’ pentachloride or iron 
chloride is the best catalyst, that the yield of 
carbon tetrachloride is a maximum at SO^C., 
using 45% excess chlorine (92% CCI 4 , 0-5% 
unchanged CS,), and that yields decreased at 
lower temperatures. He recommended that the 
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reaction should be carried out in two stages 
and in connection with the corrosion problem, 
stated that nickel was the best constructional 
material, followed in order by lead, copper, iron 
and tin. Purification of the tetrachloride was 
by’ distillation. 

The actual manufacture of carbon tetra- 
chloride takes place essentially in two stages, 
the first being the formation of the tetrachloride 
and sulphur chloride in the presence of a 
catalyst ; followed by interaction of the sulphur 
chloride formed with a fresh supply of carbon 
disulphide in contact with iron filings, giving 
rise to more carbon tetrachloride and sulphur. 
The latter is separated from the reaction product 
by ery’staUisation and is used again in the manu- 
facture of carbon disulphide (Urbain, J.S.C.I. 
1902, 20, 926 ; B.P. 13733 ; Thelsco Chem. Co. 
U.S.P. 1260621, 1260622). The reactions can 
be represented as follows : 

CS,-f3Cl2=CCl4-fS,Cl2 

CS2-f2S2Cl2=CCl4-b6S 

Howarth and Baker (J.S.C.I. 1906, 25, 559) 
attempt to reduce the amount of sulphur sep- 
arated during the second stage of the reaction 
by chlorinating the sulphur monochloride ob- 
tained in the first stage to sulphur dichloride 
before adding the second quantity’ of carbon 
disulphide : 

CS2-f2SCl2=CC/4-f4S 

The presence of a number of intermediate 
carbon chlorosulphides has been shown by 
carrying out the chlorination with restricted 
quantities of chlorine (Klason, Ber. 1887, 20, 
2376 ; Delepine and Giron, Bull. Soc. chim. 
1923, 32 1785). 

The large-scale production of carbon tetra- 
chloride is carried out in lead or lead-lined 
vessels which can be cooled so that the tempera- 
ture does not exceed 30°C. A considerable 
increase in volume takes place during thereaction, 
the end-point of ■n’hich is reached when the 
mixture turns red. The mixture is then 
fractionally distilled to remove carbon tetra- 
chloride from the sulphur chloride, and the 
latter is transferred to a second lead vessel 
provided with a stirrer and more carbon di- 
sulphide added 'with agitation. This mixture is 
warmed to about 60°C. to complete the reaction, 
is then cooled to allow the sulphur to crystallise, 
and finally distilled to remove the carbon tetra- 
chloride ■which is added to that previously 
obtained, and purified by distillation from lead 
vessels, dried, and finally distilled from iron 
vessels using a fractionating column. 

Brallier, Dunlop, and Muggleton (Niagara 
Smelting Corp. U.S.P. 1817123, 1931) describe 
apparatus for the chlorination of carbon 
disulphide. 

A bibliography of work on the manufacture 
of carbon tetrachloride from carbon disulphide 
together with corrosion data is given in U.S.S.R. 
Soc. Inst, Research. Sup. Council Dat. Econ. 
State Inst. App. Chem. 1932, 15, 8-39. 

( 6 ) Chlorination of Methane . — ^An early refer- 
ence to the chlorination of methane is that of 
Walter (G.P. 222919, 1908), who led a mixture 
of 1 vol. of methane and 4 vols. of chlorine 
through a glass tube, irradiated with U.V. 
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light from a quartz mercury vapour bmp. 
45% conversion of methane to carbon tetra* 
chloride irith quantities of methj 1 and methyleoe 
chlondes, and chloroform « as obtained. 

Tolloczko and Kling (Abhandl. d. Krakauer 
Akad. d. Wissenscb. 1912, 52, 295, 316 ; Cbem. 
Zentr. 1913, 11, 93) chlorinated natural gas at 
dOO'C., with excess chlorine in the presence of 
a catalyst, and obtained 78% carbon tetra- 
chloride in the mam fraction boilmg below 
150°C., while hexachloroethane and other higher 
compounds were also formed. With excees of 
hydrocarbons, the mam products were methyl 
and methylene chlorides, with traces of chloro- 
form and carbon tetrachloride. Chlorination 
in U.V. light at SC’-lOO® confirmed the above 
results, using excess and deficiency of chlorine 
respectively. 

Baskemlle and Riederer (Ind. Eng. Chem. 
1913, S, 5) chlorinated natnral gaa containmg 
from 50-90^^) of methane m the silent electric 
discharge, or in U.V. light. A mixture of chloro- 
form, carbon tetrachloride, and hexachloroethane 
was obtamed with the tetrachloride as chief 
product. Bedford (ibid. 1916, 8, 1090) showed 
that with deficiency of chlorme the yield of 
carbon tetrachloride was only 4~S%. 

Jones and AUison (ibid. 1910, 11, 639), and 
Jones, Allison, and Meigban (Bur. Mines Tech. 
Paper, 1921, Ko. 255, p. 44) exammed the 
chlonnatioa in detail, and showed that the 
reaction begms in the dark at 350^ but that 
temperatures between 300®-400®C. are best. 
The heat of reaction eas determined at 400®Cn 
as 137.000 g.-cal. 

Pfeifer and 3Iauthner (B.P. 157253, 1921) by 
reaction beteeen chlorine and hydrocarbons at 
150®-60®C. u contact with metals or metalbe 
salts, e.ff. Fe, Cu. Sb, obtain a wide aenes 
of derivatives from methane. Tuard, Chapman, 
and Ta>ior (B.P. 214293, 1922) pass methane 
over pumice impregnated with copper chloride 
at 435®C., and obtain a similar senes nith 
carbon tetracblonde and chloroform as mam 
products. The copper chloride is reduced to 
cuprous chloride during the reaction, but is 
regenerated by chlonne. i 

Carter and Core /HJb 24.'i9JJ ; HfUb 
1572513. 1926 ; G.P. 472421 j F.P. 597678) 
pass a mixture of methane, methyl chlonde, and 
chlorme through a tube at iW’SOO'V., and 
obtam 80% of methylene chlonde with sinaller 
quantities of the other compounds. The 
reaction was investigated by Boswell and 
McLoughlm (Canad. J. Rea. 1929, 1, 240) mtno 
stages, (a) the formation of methyl chlonde, 
using 10 vob. xutrogen to 1 vol. methane as 
diluent ; and (b) the formation of carbon 
tetrachloride without nitrogen as diluent. It 
was shown that with only a smau excess of 
chlorine over theoretical and in the absence of 
nitrogen at 450®C., carbon tetracblonde was 
formed in 90% J'leld. Can. P. 301542, 1930, 
covers the work described m this paper. 

Bodenatein, Gunther, and Hoffmeister (Z. 
aogew. Chem. 1926, 39, S75) measured the heats, 
of reaction : j 

(o)C+2CI,=CCl4-l-25.430{±350) g.-cal. I 

(b) CCl4-f2H,« 

C-h4HCI-|-62.570(i350) g,-eaL; 


and ahowed that the equilibrium constant was 
0 2 at 600°K. (r/. also Bodenstem and others, 
Trans. EJectroehem. Soc. 1926, 25, 49; Z. 
angew. Chem. 1930, 43, 423). 

B.P. 4S6952 of the I.G. Farbenind. A.-G. 
(Ernst and Wahl) passes a mixture of methane, 
oxygen, and hjdrogen chloride over a catalyst 
at 300*— 450'C. Chlorine is produced by the 
Deacon reaction, and forms chlorinated hydro- 
carbons. Foe example, 2 parts methane, 1 part 
oxygen, and 2 parts hydrogen chloride are 
passed over pnmire impregnated with copper 
chlonde at 400^0. 

Holzverkohlungs-Industrie A.-G. (G.P. 477494, 
478083) chlonnate methane at 400*C. or over, 
with or without catalysts, and l.C.I. Ltd. 
(B.P. 342329, 1920) cover the chlorination of 
hydrocarbons of low carbon content in packed 
or unpacked tubes at temperatures above 650* 
(e g. 800®-850*), using high space velocity. 

B.P. 341878, 1920, of H. Drejfus covers the 
production of highly chlorinated products (e p. 
CCI4) from methyl alcohol by chlonnation 
with phosphorus or sulphur chlondes, with or 
without free halogen, in the presence of a diluent, 
and under pressure. 

(c) Mtseellanecut Melfiods . — A number of 
eicctnc heating processes have been suggested. 
A mixture of eodinm chlonde and silica is heated 
in the lowest portion of a furnace Lined with 
magnesia, and provided with three sets of 
electrodes, one above the other. The middle 
electrodes beat a mass of coke, and the chlorine 
from the alkali chlonde reacts with the m 
candescent carbon, forming carbon tetracblonde 
which, after passing through the arcs between 
the third set of electrodes, is distilled off. The 
temperature does not exceed 2,000* (Machalske 
and Lyon, J.S.C.I. 1003, 22, 1293 ; Machalske 
Chem. Zentr. 1^, 1 , 1U69). The chlonne can 
also be suppLed fhom an external source, the 
carbon only being eiectncally heated (May- 
wald, J.S.C.I. 1007, 26, 1233). 

Another process consists m heating together 
lime, calcium chlonde, and carbon m the absence 
of air in an electric furnace, in the proportions 
indicated by the equation : 

2CaO-(-2CaC1,-M OC-4CaC,+2COCri 

The carbonyl chlonde is led over heated coke, 
animal charcoal or pumice, where it is decom- 
posed into carbon tetracblonde and carbon 
dioxide by surface contact (Machalske and 
Darlington, J.S-C.1. 1906, 25, 559). 

A mixture of calcium chlonde and coke 
healed in the electnc lariisco in a stream of 
chlorine also yields carbon tetracblonde 
(SlatthewB and Darlington, ihid. 1906, 25, 
1232). 

llie halogenation of metallic or other carbides, 
each as acetylene, also yields carbon halides, so 
long as the temperature is kept below the d»- 
Bociation point of the halide required (Black- 
more, i5id. 1908, 27, 712). 

Pramcatios. — Carbon tetrachloride as ob- 
tained from carbon disulphide is purified by 
chemical means, dried, and then distilled. 
Suitable purification methods are those of 
Schmitz-I^mont (Chem.-Ztg. 1897, 21, Ml), 
viz. caustic soda and alcohol; and Van Ardsel 
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and Vannah (U.S.P. 1697483, 1925), viz. alkaline 1 
sulphide solutions. _ ' 

Drying is normally carried out in a tower] 
system with concentrated vitriol, although 
according to Neuville and Mange (F.P. 649934, 
1928) anhydrous calcium, zinc or barium 
chlorides, sodium sulphate or carbonate, alum, | 
ammonium and magnesium carbonates may 
be used. 

The final distiUation of the dry product takes 
place in an iron still with reflux (c/. Chem. 
Fabrik auf Aktien, G.P. 432849, 1926). The 
product obtained as vapour mixed with small 
quantities of methyl and methylene chlorides 
and chloroform from the chlorination of methane 
can be condensed and purified by fractional dis- 
tillation, or can be recovered from the exit 
gases by adsorption on charcoal or silica gel, 
advantage being taken of the differential rates 
of adsorption of the various chlorinated com- 
pounds to effect a preliminary separation, and 
afterward dried and distilled in the usual 
manner. Patents covering recovery by char- 
coal or silica gel are those of Burrell, Voress 
and Canter (U.S.P. 1382390, 1921) ; Silica Gel 
Corporation (B.P. 195055, 1923) ; I.G. Farben- 
ind. A.-G. (B.P. 296301, 1928). 

The product comes on the market containing 
only a trace of moisture, free from sulphur and 
sulphur compounds, and is sold in carboys, 
in 60-gallon drums, and in tank wagons. 

PnoPERTiES. — (a) Physical. — Carbon tetra- 
chloride is a transparent, colourless liquid with 
a pungent odour. 

B.p. 76-74''C. (Thorpe, J.C.S. 1880, 37, 201) j 
m.p. — 22-7'’C. 

Density, dj 1-6326, d” 1-6057, df 1-5944 ; 
vapour density at N.T.P. 5-30 (air=l) ; vapour 
pressure (ram. Hg) 33/0°C., 91/20°, 215/40°, 
447/60°, 621/70°, 723/76° (Schreinemakers, Z. 
physikal. Chem. 1904, 48, 445) ; latent heat of 
vaporisation (cals, per g.) 52-0/0°C., 46-35/76-2°, 
46-0/80°, 44-16/100° (Mathews, J. Amer. Chem. 
Soc. 1926, 48, 562). 

Specific heat of liquid increases regularly 
from 0-2010/0° to 0-2031/70°, specific heat of 
vapour 0-14/0°, 0-115/70° (Mills and MacRae, 
J. Physical Chem. 1911, 15, 64; c/. also Williams 
and Daniels, J. Amer. Chem. Soc. 1924, 46, 
903, 1669). Specific heat=0-1852-0-00047r (°C.) 
(Timmermans and Martin, J. Chim. phys. 1926, 
23, 747). 

Solid carbon tetrachloride is trimorphous 
(Tammann, Annalen, 1898, 301, 489) the 
three mod^cations melting at —28-6°, -23-73°, 
and -21-2° respectively, the second being the 
form usually obtained. Refractive index (D line) 
is 1-4658. 

Solubility in water (g. per 100 g.) : 0-097/0°, 
0-083/10°, 0-080/20°, 0-085/30° (Box, Z. physikal. 
Chem. 1906, 65, 365) ,- 0-077/15°, 0-081/30° 
(Gross and Saylor, J. Amer. Chem. Soc. 1931, 
63, 1744). 

Solubility in carbon tetrachloride of (a) water 
(g. per 100 g.) : 0-00711/10°, 0-00844/20°, 
0-0109/30°, 0-0152/40°, 0-0237/50° (Rosenbaum 
and Walton, J. Amer. Chem. Soc. 1930. 52, 
3568) ; of (6) sulphur (g. per 100 g.) : 
0-645/15-5°, 0-723/18°, 0-764/22° (Delaplace, 
J. Pharm. Chim. 1922, 26, 139) ,- of (c) chlorine. 


solubility coefiicient=0-031i0-003/19° (Schwab 
and Hanke, Z. physikal. Chem. 1924, 114, 
251). 

The adsorption of carbon tetrachloride on 
charcoal and silica and alumina gels has received 
attention from a large number of workers : 
Berl and Andress (Z. ange-w. Chem. 1921, 34, 
369) give data for adsorption of tetrachloride 
on charcoal activated by zinc chloride ; Coolidge 
(J. Amer. Chem. Soc. 1924, 46, 669) examined 
the adsorption on carefully purified charcoal ; 
Perry (J. Physical Chem. 1925, 29, 1462) 
showed that 10 g. of alumina gel adsorbed 3-6 g. 
carbon tetrncb'orido at 25°C. ; Patrick, Frazer 
and Rush (ihiil. 1927, 31, 1511) used carbon 
tetrachloride in a study of the properties of 
silica gel at various temperatures ; Pearce and 
McKiidey (idid. 1928, 32, 360) determined the 
heat of adsorption on coconut charcoal at 
25°C. ; Pearce and Johnstone (ibid. 1930, 34, 
1260), and Pearce and Reed (ibid. 1931, 
35, 905) determined the adsorption on char- 
coal of the gases formed by the chlorination of 
methane. 

(b) Chemical . — Dry carbon tetrachloride is a 
stable compound,“and can be heated in contact 
with dry metals to fairly high temperatures 
without decomposition. In the presence of 
moisture, however, it rapidly hydrolyses when 
heated, liberating phosgene and hydrogen 
chloride, 

CCli+ HgO=COCl2-l-2HCI, 

a reaction which is of considerable technical 
importance, for it causes great difficulties in the 
choice of materials for handling hot moist 
carbon tetrachloride, and also makes the use of 
tetrachloride fire extinguishers in closed rooms 
and buildings a dangerous procedure owing to 
the intensely poisonous nature of carbonyl 
I chloride. Doughty (J. Amer. Chem. Soc. 1917, 
39, 2685) showed that the hydrolysis of pure 
carbon tetrachloride by pure water at ordinary 
temperatures was negligible, but was accelerated 
by the presence of iron and copper, and became 
very marked at elevated temperatures. 

The corrosion of various metals by dry and 
moist carbon tetrachloride has been examined 
by Bolis (Chem.-Ztg. 1907, 30, 1117) ; Rhodes 
and Carty (Ind. Eng. Chem. 1925, 17, 909), 
who showed that nickel is the metal most resis- 
tant to cold carbon tetrachloride (wet and dry), 
and tin to the damp vapour. Aluminium reacted 
with dry tetrachloride to form aluminium 
chloride and hexachloroethane. Formanek (Chem. 
Zentr. 1930, 11, 976) states that the corrosion 
in the cold of copper, brass, tin and iron by 
tetrachloroethane and trichloroethyleneis more in 
8 weeks than by that of carbon tetrachloride in 8 
months. 


Reduction of carbon tetrachloride by hydrogen 
in the presence of pumice yields methane and 
ethylene (Berthelot, Ann. Chim. Phys. 1858, [iii], 
53, 69) ; using reduced nickel as catalyst, 
hexachloroethane is formed at 270°, while -with 
excess of hydrogen and nickel, tetrachloroethane 
is produced (Sabatier and MaUhe, Compt. rend. 
1904, 138, 407). 

Ferrous hydroxide and a base or basic salt 
causes substitution of chlorine by hydrogen 
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{Soc. des TJsines Cbim. Rb6ne PouJeaei BJ*. 
225174, 1923; Can. P. 250594, 1925), complete 
eubstitutioa of cblorino by bromine occurs 
readily by beating with alumiiunm bromide 
(GnstaTson, BoU Soc. chim. 18S1, [u], 35, 556); 
and by treating carbon tetrachloride at the 
boibng.point with Boorino a nujiture of CCI^F, 
CCI^Fj, and CF4 is formed (Ruff and Keun, 
Z. anorg. Cbem. 1931, 201. 245). 

The action of sulphur gives rise to a number 
of carbon eutphochlondes, the final product 
being carbon disulphide (Klaaon, Ber. 1887, 
20. 2376); cf. method of manufacture. 

Chlorsulpnonic acid and phosgene are formed 
by the action of fuming sulphuric acid (45% 
SOj) on carbon tetrachloride (Lepin, J. Russ. 
Phys. Cbem. Soc. 1920, 52, 1). 

Uses. — The principal uses of carbon tetra- 
chloride are as solrcnt, dry cleaning agent, fire 
extinguisher, and msecticidc. 

(а) <So{t<»l. — ^The product possesses high 
solvent power for a large variety of organic and 
inorganic compounds, and finds use in the pre- 
parationoffloorpohshes, shoe-cleaning materials, 
as solvent for various lacquers, asphalt^ resins, 
etc , and in considerable quantities in the rubber 
industry for adhesive solutions, and in the cold 
vulcanisation process. 

Owing to Its non mfiammabihty it has dis- 
placed acetone and benzene very largely in the 
lacquer industry. 

The general adoption of carbon tetrachloride 
as solvent is slower than would be expected 
from Its desirable properties, but owing to its 
narcotic action, couplM with the fact that tn- 
cblorethylene, which is an equally good solvent, 
and also non inOammable, is available com- 
mercially, a large number of users prefer the 
latter. Eor Ltcraturo on carbon tetrachloride 
poisoning, let Lewis (Z. dcut. Oel Fett. Ind 
1 020,40, 421, 439); “ Lehrbuch der Toxicoli^ie,” 
1029 , I'erzer and others (Ind. Eog. Cbem. 
1022, 14, 456 } ; Davis (Rubber Age, 1029. 25, 
307) ; J>ehmann (Zentr. Gewerb-hygicnc, 1930, 
7, Fart 5, 123). A comprehensive article on the 
toxicity of carbon tetrachloride containiRg a 
bibliography of over 100 references Is to be 
found in Report No 80 of the Medical Research 
Council Industrial Health Research Board, 
" Toxicity of Industnal Organic Bolvenls,’* 
1937, pp. 136-161, published by H M. Stationciy 
Office. 

It has been stated that the narcotic action 
of carbon tetrachloride is about 50% greater 
than that of chloroform and about equal to that 
of benzene. 

(б) Dry Cleaning . — The large number of fires 
caused by benzine used for the dry cleamng of 
goods has restricted its uso to conditioDS under 
which special precautions are necessary. Non- 
infiammable solvents such as carbon tetrachloride 
and tnchloroctbylone are therefore active com- 
petitors to benzine as dry-cleaning agents, in 
which respect there seems little to choose 
between them (see Vol. I, 130b) 

(c) Ftre EzttngvUheri . — Considerable atten- 
tion has been paid to the uses of carbon tetn. 
chloride as fire extinguisher, chiefly on account 
of its reputed danger owing to decomp^tion 
to phosgene when heated in presence of moisture. 


The net result of the investigations, some of 
which are listed below, is that carbon tetra- 
chloride extinguishers are definitely dangerous 
when used in confined spaces owing to phosgene 
formation, but in the open air this risk is very 
slight. 

See the foUowdng: Fieldner, Katz, Ktaney 
and Longfellow (J. Franklin Inst, 1020,100,543); 
Fieldner, Katz and Kinney (Bur. Mines Tech. 
Paper, 1921, No. 248, p. G6) ; Fohlen (Tech. 
Modeme, 1022, 14, 593) ; Voigt (Chera.-Ztg. 
1925, 49, 937) ; Dufraisse and Horclois (Compt. 
rend. 1931, 192, 564) ; Abce Hamilton (Ind. 
Eng. Chem. 1933, 25, 539). 

The I.O. Farbenind. A.-G. have patents cover- 
ing the prevention of phosgene formation from 
carbon tetrachloride in fire extinguishers con- 
fiistmg of the addition to the tetrachloride of 
ammonia, a hydrocarbon or organio phosphate, 
ond/or a suitable oil or fat m small quantities 
(B.P. 317843, 1928, 319320, 331147 ; G.P. 
513191). 

(d) Insecticide . — Carbon tetrachloride pos- 
sesses insecticidal action, and has recently been 
used for famigation of crops (Joacbmogh, 
Biochem. Z. 1921, 124, 134) and stored goods 
(Cotton and Roark, J. Econ. Entomol. 1927, 20, 
636). 

Hoyt (lod Eng. Cbem. 1928. 20, 460) showed 
that 100% kill of insects infesting flour, clothing, 
and furniture in a store was obtained with a 
dosage of 14 lb. of mixture containing 3 parts of 
ethylene dichlonde to 1 of carbon tetrachloride 
per 1,000 cu ft at 82’F. for 24 hours. The 
store bad to be made gas tight beforo the 
test. 

Further work by Iloyt (liid. 1928, SO, 83S, 
931) and Thomas (J. Comm. Sci. Ind. Res. 
1929, 2, 128) confirmed previous results. 

SraTisTics. — Production statistics m respect 
of carbon tetrachloride for the chief manu- 
facturing countries are not available as the 
relevant figures sro normally included in 
returns showing the production of a wide range 
, of solvents. F. K. 

CARBONADO or “black diamond" 

I (known in the trade as “ carbon " or “ carbon- 
' ate "} is a finely granular ciystallmc material, 
dull, black, and opaque. 

••CARBONALPHA” v. Caedon, Carbon 
Blacl or Oas Black, • 

CARBONIC ANHYDRASE is the name 
.given to an enzyme separated from red blood 
I corpuscles by Meldrum and Roughton (J. 
'MiysioL 1933, 80, 113, 143). Unhke many 
enzymes it catalyses reactions which proceed at 
an appreciable rate in its absence. Its function 
j IS to accelerate the formation of carbon dioxide 
I from bicarbonate in the lung blood vessels of air- 
I breathing animals. It may have other possi- 
' bilities m earlier stages of raetabohsm. There 
13 enough in human blood to accelerate the 
reaction about 2,000 times at 15'C. and GOO times 
at 37*0. A method of measuring the activity 
has been devised by the authors. It is obtained 
by shaking a mixture of 10 c.c. washed ox cor- 
puscles with 6 c.c. HjO-f 4 c.c. EtOH, to Hlueb 
S cc. of chloroform are added. On centri- 
fuging the enzyme solution is m the top lajer 
of a thiee-phaso system and yields a brown 
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solid on evaporation in a vacuum desiccator. 
It can be purified by AI(OH )3 adsorption when 
it shovrs no eatalase, oxidase or peroxidase 
reactions. It is then relatively undialysable, 
is stable to temperatures up to 65°, is destroyed 
in buffer solutions outside the range 
and gives positive results -with the various pro- 
tein tests. It has been found in the blood of all 
vertebrates but not in milk, urine or plasma. 
It is absent from green plant material and yeast. 

E. F. A. 

CARBONITE, or natural coke. A coke- 
like material formed by the baking action of 
intrusive igneous rock-masses on scams of 
bituminous coal. Found in Ayrshire and in 
Chesterfield Co., Virginia. L. J. S. 

CARBONYLS, METAL. Compounds of 
tho heavy metals with carbon monoxide. 

The first compound of this type, nickel 
carbonyl, Ni{CO) 4 , was discovered by Mond, 
Langer and Quincke (J.C.S. 1890, 57, 749). 
Since that date, carbonyls of iron, cobalt, 
cluomium, molybdenum, tungsten and ruthen- 
ium have been prepared. Of these, the nickel, 
iron, and probably the molybdenum compoimd 
have found extensive technical application. 
Chemically, these compounds form a group of 
especial interest in that, in contrast to the other 
compounds of the transition metals, they are 
volatile and diamagnetic. 

Tho carbonyls of nickel, iron, cobalt and 
molybdenum are obtained by the action of 
carbon monoxide upon the reduced metal. For 
tho laboratory preparation of nickel carbonyl, 
nickel is reduced from tho oxalate (Laird, Rec. 
trav. chim. 1927, 46, 177 ; v. Duin, ibid. 381) 
or from the hydrated oxide at temperatures 
below 300°. The metal is cooled in hydrogen, 
and carbon monoxide is admitted in the cold. 
Rapid adsorption occurs, with much evolution 
of heat. The carbonyl formed may bo dis- 
engaged by cautious warming. Iron carbonyl, 
Fe(CO) 5 , may be prepared similarly, but 
reaction occurs readily only at high pressures, 
when specially active iron is not essential. At 
high pressures reaction occurs even with massive 
iron, so that carbon monoxide or coal gas stored 
under pressure is always liable to contain iron 
pentacarbonyl, which may be formed in con- 
siderable quantity in such circumstances 
(Mittasch, Z. angew. Chem. 1928, 41, 827 ; 
Friend, J.C.S. 1930, 718). Traces from a 
similar source may be present in synthetic 
methanol. Iron carbonyl is now produced on a 
technical scale by employment of pressures of 
100-200 atm. Small amounts of copper may 
bo added, which accelerate tho reaction, and 
permit of reduction at lower temperatures 
(B.P. 319356, 1928). Molybdenum carbonyl, 
Mo(CO) 5 , ^ prepared by the action of 
carbon monoxide on the metal reduced from tho 
o.x 3 ’chlorido (Mond, Hirtz and Cowap, J.C.S. 
1910, 97, 798) or, technically, reduced from tho 
oxide in presence of copper. According to 
Jlittasch (I.C.), by paying attention to the 
purity of tho materials, and especially to that 
of tho carbon monoxide, combination wth 
iron and molybdenum may bo made to proceed 
as avidly as with nickel. 

Chromium carbonyl, Cr{CO)^ (Job and Cassal, 
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Compt. rend. 1926, 183, 392), and lungslen 
carbonyl, W(CO)g (Job and Rouvillois, Compt. 
rend. 1928, 187, 564), have been p;:epared by the 
action of a Grignard reagent on sublimed 
chromic chloride or tungsten hexachloride 
respectively, in presence of carbon monoxide. 
Molybdenum carbonyl may be prepared 
similarly (Hieher and Romberg, Z. anorg. 
Chem. 1935, 221, 321). 

Ruthenium was at first described (Mond, 
Hirtz, and Cowap, l.c.) as form in g a yellow- 
orange compound wth carbon monoxide but 
at 180° and 200 atm., a small amount 
of the liquid Ru(CO )5 is formed. The 
same compound is readily obtained by the 
action of carbon monoxide on Rul 2 ‘ 2 CO in 
presence of silver at 170° and atmospheric 
pressure, or at 100° and 250 atm., or — without 
isolating Rul 2 - 2 CO — by heating Rulg with 
5 parts of “ molecular ” silver in carbon 
monoxide at 170° and 450 atm. (Manchot 
and Manchot, Z. anorg. Chem. 1936, 226, 
■370). 

The so-called carbonyls of the alkali metals 
are of entirely different constitution. The 
explosive compound formed by heating potas- 
sium in carbon monoxide (Nietzki and 
Benckiser, Ber. 1885, 18, 499, 1833) is 

KgCgOg, a salt of hexahydroxyhenzene. Tho 
compounds formed with potassium, sodium, 
lithium, calcium, barium, etc., in liquid ammonia 
(see e.g. Joannis, Compt. rend. 1893, 116, 1518 ; 
Roederer, Bull. Soc. chim. 1906, [iii], 35, 715 ;■ 
Pearson, Nature, 1933, 131, 166) are of unknown 
nature. 

Tho monomeric carbonyls Ni(CO) 4 , Fe(CO) 5 , 
Cr(CO)g, Mo(CO)6, Ru(CO) 5 , W(CO)e, are 
volatile, the polynuclear compounds Fe 2 (CO)j, 
Eo3(CO)j 2, Co 2 (CO)g, Co 4 (CO) 42 » and 
Ru 2 (CO)g are non-volatile or slightly volatile 
solids. They are all decomposed by heating, 
with deposition of a metal mirror ; the stability 
is greatest in tho case of Cr(CO)g, which is 
appreciably decomposed only above 140°. 
They are attacked and decomposed by the 
halogens and by strong oxidising agents. The 
volatile compounds, especially nickel carbonyl, 
are extremely toxic (Armit, J. Hygiene, 1907, 
7, 525 ; 9, 249). 

Nickel Carbonyl, Ni(CO) 4 , b.p. 43°, 
m.p. —22°, d 1-325 at 14°, is a colourless, highly 
refractive liquid. Dissociation of the vapour 
commences above 40°, and is nearly complete 
at 180°. Halogens cause immediate decom- 
position : 

Ni(CO)4-l-Br2=NiBr2-b4CO 
Reaction occurs also with phosphorus (Grieb 
and Jones, J.C.S. 1932, 2543), forming. NiP and 
possibly NiP 4 , and with carbon disulphide 
vapoiu, forming NiS (Dewar and Jones, J.C.S. 
1910, 97, 1226). Oxidising agents, or moist air, 
also cause , decomposition, forming basic car- 
bonates, etc. By tho action of pyridine or o- 
phenanthroline, however, only a portion of the 
carbon monoxide is displaced, forming com- 
pounds 

Ni3(CO)4(CgHsN)3 and Ni (CO)3(Ci2H8N2) 
(Hieher, Muhlbaucr, and Ehmann, Ber. 1932, 
65, [B], 1090). 
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The thermal decomposition of nickel carbonyl 
finds its principal application in the Mond pro- 
cess for separating nickel from the Sudfaniy 
copper-nickel matte. The nickel deposited la 
said to be especiaUy suited for anodes for nickel 
plating, and is the only source of completely 
cobalt-free nickel. The nickel coabng of 
mirrors and Dewar flasks by the process hasalso 
been proposed (Fink and King, Trans. Amer. 
Electrochem. Soc. 1928, 54, 397). 

Iron Pentacarbonyl, Fe(CO)s. bp. 102®, 
m.p. —21®, d I 4664 at 18® is a yeilow liquid. 
In Bunhght it undergoes photochemical decom 
position, forming iron nonacarbonyl, Fej(CO), 
(Dewar and Jones, Proc. Roy. Soe. 1906, 79, 
66 i Warburg and Negclein, Biochem. Z. 1928, 
200, 414). The latter decomposes on heating 
into iron pentacarbonyl and iron (etracarhonyt, 
Fej(CO)jj. which may be more conveniently 
obtained by the oxidation of iron carbonyl 
hydride, FelCOljHj. 

Alkah salts of iron carbonyl hydnde are 
obtained by the action ol alkalis, especially 
in alcoholic solution, on iron pentacarbonyl 
(Hieber and Leutert, Z. anorg. Chem. 1932, 204, 
145); 

Fe{CO).-}-4NaOH 

= Fe(CO)4Na,-hNa,COj-b2HjO 

On addition of acid, the carbonyl bydnde is 
liberated as a volatile, very reactne liquid, 
which may be quantitatively oxidised, without 
being isolated, to iron tetracarbony), e.y. 

3Fe(C0)4H,+3H,0,-Fe,(C0)„-i-6H,6 

(Kieber, Z, anotg. Chem. 1932, 204, 165). 

Mercury salts react directly with iron penta- 
carbonyl, forming the corresponding mercuiy 
salt (Hock and Stuhlmann, Her. 1929, 62, [B], 
431): 

Fe(C0)j-t-HgS0,-fH,0 

-.Fe(CO)4Hg4.CO,-hH,SO« 
^This reaction may be used for the separation 
of small amounts of iron pentacarbonyl. 

The iron carbonyls undergo numerous re- 
actions in which the carbon monoxide is only 
partially displaced from the molecule. Thus 
the halogens form unstable addition compounds 
Fe(CO),X 2 , which break down at the o^inary 
temperature to compounds Fe(CO) 4 X{. These, 
in the light, or with water, yield the pure iron 
halides and carbon monoxide (Hieber and Bader. 
Ber. 1928, 61. [Bj. 1717). CO in the carbonyls 
and the carbonyl halides is replaceable by 
pyridine, ethylenediamme and other com- 
pounds, forming compounds with a lower ratio 
CO: Fe. such as 

Fe,(CO) 4 (C.HgN)j, Fe(CO),(CsH,N) 
etc. This replaceabihty of CO by amines u 
characteristic of tbo carbonyls and shows that 
the CO, like the amines, is co ordinatirely 
attached to the metal atom. 

Iron tetracarbony] undergoes reactions similar 
to those of Fe(CO)j, but is more reactive. 
With nitric oxide it forms the compound 
Fe(CO)|(NO){, which reacts similarly to the 
carbonyls proper, and forms derivatives con- 


tainmg no CO, e y. Fe(NO),(C],H 4 N,) (J. S. 
Anderson, Z. anorg. Chem. 1932, 208. 238). 

Ruthenium pentacarbonyl, Ru(CO),,mp. 
—22®, closely resembles the iron eompound m 
its reactions. Thus it forms RU|(CO), by 
photo-decomposition, and probably Ruj(CO}„ 
at h^her temperatures. 

Cobalt tetracarbonyl, Co, (CO),, u an 
orange, slightly volatile soLd, which decomposes 
above ita m.p. (52®) to form Co,(CO),,. Its 
chemical behaviour is similar to that of iron 
carbobyl. With nitnc oxide it forms a volatile 
nitrosocarbonyl, Co(CO)jNO, and gives rise 
also to the unstable volatile hydride, Co(CO),H. 

Chromium, molybdenum and tungsten car- 
bonyls are colourless crystalhne bodies, sub- 
bming without fusion. They are characterised 
by great stability, being mert to the action of 
bromine, but attacked by aqua regta. Chromium 
and tungsten carbonyls have not, as yet, found 
technical application. 

The decomposition of the metal carbonyls on 
hot surfaces gives rise, as already stated, to 
compact mirror deposits. Owing to catalytic 
decomposition of the carbon monoxide, 
2CO— ^ C-f-CO,. the metal so deposited con- 
tains free carbon and, m the case of iron car- 
bonyl, FejC. By decomposition in the gas 
phase, however, a finely divided product is 
obtained, containing some free carbon and a 
little oxide. By re-fusing this m an induction 
furnace with tbs theoretical quantity of pure 
feme oxide (also obtained by oxidation of iron 
carbonyl), an extremely pure metal may be 
obtained, containing less than 0 (X>07% of 
carbon and 0 01% of oxygen (Mittasch, Z. angew. 
Chem. 1026. 41, 827 ; F.P. 690981, 1920). 
This so called car^onyl iron finds application 
for the preparation of catalysts and for magnet 
and transformer cores. 

The metal carbonyls have been used as anti- 
knock agents (C. K. Reiman, Ind. Eng Chem. 
1927, 19, 1055 : Ohn and Jebens, i&id. 1029, 
21, 43 ; Sims and Mardles, Engineering, 1926, 
121, 774), as have the addition compounds of 
iron and molybdenum carbonyls with ethyl- 
amine, etc. (U.S.P. 1780643, 1927). The use of 
carbonyls as catalysts in the polymensalion of 
fatty esters has also been proposed (B.P. 340001). 

Aletal carbonyls in the air may be detect^ 
and estimated by passmg through nitric acid 
and over 1|0, to oxidise the carbon monoxide 
(Lucas and Qrassner, I^Iikrochem., Emich 
Festschrift, 1930, 197). According to Clark, 
Hardy, and Wilman, 5-6x10"^ g. of Fe (ss 
carbonyl) per c c. of air may be detected by its 
effect on the ultra-violet spectrum of a petrol 
flame. 

A bibhography of the scientific, technical, and 
patent literature of the carbonyls to 1930 u 
giien by Mond (J.S.C.I. Trans. 1930, 

CARBORAFFIN. Activated carbon, pre- 
pared by mixing the raw material (sawdust, 
peat, etc.) with zinc chloride, carbonising at 
650®, washing to remove zinc chloride, drying, 
and grinding. Used in sugar refining. 

CARBORUNDUM, SiC, Crystalbne sili- 
con carbide. 

About 1890 E. G. Acheson, in attempting w 
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crystallise carbon, by dissolving it in aluminium 
silicate, in an electric arc, obtained some blue 
crystals which he assumed must be a compound 
of carbon and alumina (corundum) and sug- 
gested the name “ carborundum,” Analj'sis, 
however, proved that they were in fact silicon 
carbide, a compound which had been studied 
by Schiitzeuberger, Colson, Jloissan, and others 
(for fuller details, see Slollor, ‘‘ Compre- 
hensive Treatise on Inorganic and Theoretical 
Chemistry',” Vol. V, p. 875). The commercial 
prpduction was begun about 1892, by the 
Carborundum Co., at Niagara Falls, U.S.A., and 
also in Canada, under Acheson’s patent (cf. B.P. 
17911, 1892). 

Preparation . — Amorphous silicon carbide is 
formed as a greenish powder by heating carbon 
and silica together at about 1,200°C. (Schiitzen- 
berger, Compt. rend. 1892, 114, 1089), but car- 
borundum is only formed at a temperature of 
1950°C. (Tucker and Dampen, J. Amer. Chem. 
Soc. 1906, 28, 863). Their experiments were 
made with an industrial furnace and they found 
the temperature of decomposition of carborun- 
dum into graphite and silicon to be 2,220°C. 
Gillett, working with an experimental furnace, 
confirmed that figure, but gave the temperature 
of formation as 1,540°C. (J. Physical Chem. 1911, 
15, 213). By means of the electric arc, Moissan 
obtained pure silicon carbide, in the form of 
pale green crystals, from the vapours of carbon 
and sUicon (Compt. rend. 1893, 117, 423). 

The method of manufacture used at Niagara, 
remains substantially the same, and is as follows: 
The furnaces are built of firebrick and are about 
16 ft, long, 5 ft. high and 6 ft. wide. The ends 
are solid, about 2 ft. thick, and carry the 
terminals. Each terminal consists of 60 carbon 
rods, 30 in, long and 3 in. diameter, into the 
ends of which fit copper plugs, which in turn 
fit into sockets in a square copper plate bolted 
to the outside of the wall, and connected with 
the leads. Only the end walls and the bed are 
permanent ; the sides are built up with the 
charge and are taken down to remove the 
product. 

In charging, the furnace is half filled with the 
materials, which must not touch the electrodes ; 
and a cylindrical core 21 in. diameter, composed 
of pieces of coke J— J-in. diameter, is built up 
between the electrodes. Over this the charge 
is built up to a height of 8 ft. The current 
passes through the coke and forms numerous 
arcs which heat the charge to a very high 
temperature. The charge is composed of : 


Coke 34-2 parts. 

Sand 64-2 „ 


Sawdust 9-9 „ 

Common salt .... 1-7 „ 

The salt is added ns a flux ; the sawdust to 
increase the porosity of the charge and thus 
allow the escape of the carbon monoxide formed 
in the reaction : 

SiOj-f2C=Si-f2CO 

Si4-C=SiC 

During the run, about 6 tons of this gas are 


given off and are allowed to bum at the top of 
the furnace. 

The alternating current supplied by the 
Niagara Power Co. at 2,200 volts is transformed 
down to 165 volts, and a large water rheostat 
is used to regulate or interrupt the current, the- 
usual means being too dangerous with the heavy 
currents used. At the beginning of a run the 
E.M.P. is 165 volts, but within IJ^ hours the 
resistance falls and the E.M.F. is reduced to 125 
volts ; during this period, the current increases 
from 1,700 to 6,000 amps. The conditions 
then remain steady during the whole run of 
36 hours. 

The eharge per furnace is about 30,000 Ib., 
of which the core forms about 3%, the energy 
used is about 26,400 kilowatt-hours, and the 
product consists of about 6,700 lb. of carborun- 
dum and 5,000 lb. of amorphous silicon carbide. 
In other words, about 4 kilowatt-hours are 
required for the production of 1 lb. of car- 
borundum. 

A modification of the process consists in pre- 
heating the charge by combustion of gaseous 
or solid fuel (Tone and the Carborundum Co., 
U.S.P. 908357, 1908). By moving the arc zone 
from the material formed, in the direction of the 
unreduced mixture, a column of silicon is built 
up under the electrodes, and by removing 
portions of the carbide and supplying fresh 
material, the process can be made continuous 
{idem. U.S.P. 937119, 1909). 

The carborundum is dug out in large masses 
and pounded with water in a mechanical crusher, 
and then digested with sulphuric acid (1:2) for 
3 days at 100°C. and finally washed with water. 
The finer portions which are washed away are 
collected separately and known as “ flours.” 
The residue is dried in a kiln and graded through 
a system of screens. The finest powders are 
graded by the time they remain in suspension 
in water and are designated as 1-, 3-, 4-minuto 
powders (Kohn, J.S.C.I. 1897, 16, 863). 

The following table gives the composition of 
some of these products : 



I. 

II. 

III. 

IV. 

V. 

Si . 

. 70-00 

69-83 

62-70 

69-10 

65-42 

C . 

. 30-00 

29-80 

32-26 

30-20 

27-93 

A1,0, 

FePa 

1 - 

— 

0-93 

0-46 

5-09 

CaO 

— 

— 

— 

0-15 

0-38 

MgO 

— 

— 

0-11 

— 

0-21 


100-00 

99-65 

96-00 

99-91 

99-03 


I. The calculated composition of SiC. 

II. Molssau’s pure product {Compt. rend. 18D3, 117, 
425), 

III. Commerelal carborundum. 

IV. Commercial carborundum purified by Mulil- 
haliser’s method — ^heating In oxygen for 1 hour and 
treating with hot sulphuric and hydrofluoric acids 
{Dingl. poly. J. 1893, 289, 164). 

V. Amorphous silicon carbide. 


In the production of the silicon carbide in the 
furnaces, the inner granular core is surrounded 
by a layer of soft graphite which is succeeded 
by the crystallised carborundum and beyond 
this is a mass of “ firesand.” 

Some modifications in the process have been 
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suggested. For ciample, Weber (U.S.P. 728528, 

1903) proposed heating kaolm and coke in an 
electric furnace, whereby aluminium and silicon 
carbides are formed, and the former is decom* 
posed by water and remo\ed, leaving the car- 
borundum bchmd. The production of a dense, 
compact vanety, by the action of carbon and 
silicon on silicon carbide has been patented by 
the Carborundum Co. (U.S.P. 913324} and by 
Bouvier {F.P. 350369. 1904). Potter and 
Westmghouso (U.S.P. 875673, 1907) produce 
the carbide from sibcon monoxide and carbon. 

Articles may be formed m pure carbon and 
afterwards converted into carborundum by 
heating to a very high temperature in a bed of 
finely powdered carborundum or of sand and 
carbon (Bolling, B P. 6693, 1905). 

Pfopertiea.— ^Carborundum crystallises in flat 
hexagonal rhorabohedra having an adamantine 
lustre and a hardness of 9 5 For a detailed 
desenption of the crystalline atructuro of the 
three polymorphs of carborundum, ttt Ott 
(Z. Knst. 1923, 61, 515; 62, 201; 63. 1) 
It seems doubtful whether carborundum can 
scratch diamond, but it is used for drilling and 
nobshing When pure the product is colourless, 
out the commercial product is greenish grey to 
yellow or blue, duo to such impuntiesas iron, etc. 
Its sp gr. IS 3 23 at 15* (Fitzgerald, J S.C.1. 1897, 
16. 246). 

it IS infusible and quite unaffected up to a 
temperature of 2,220'’C.i when it is decomposed 
into silicon and graphitic carbon Acids have 
no effect upon it, but it is attacked by fused 
alkalis with the formation of a silicate and 
carbon. By this conversion into a silicate and 
precipitation of sibca the eJicon can be deter- 
mined. The carbon is determmed by oxidising 
the finely powdered material with lead ehromate 
(Matthew s,JSC.1. 1895,14, 755 ; MQblhauser, 
Z. anal. Chem. 1803, 32, 564). 

Vtu . — Carborundum was originally used m 
place of emery as an abrasive, and is stiU ex- 
tensively employed as such. Though expensive, 
It docs the work better and in one-third to a 
quarter of the time (Muhlhaiiscr, le). The 
ponder is used for glass cutting and grinding, 
and forpohshiny. 

It IS made up into grinding w heels, hones, etc., 
by mixing with moistened kaolm and felspar, 
moulding under hydraulic pressure, and firing 
the articles in a kiln for 7 days. Other binding 
materiab, shellac, rubber, etc , are used for 
making grinding wheels for special purposes ; 
and pipers, si mila r to gla«s or emery paper, are 
made. The binding material may bo dispensed 
with by moulding the carborundum, either 
crystalline or amorphous (part of it being 
ground to a very fine powder), with water and 
heating the articles to 2,500®F. in an oxidising 
fiamc. Oxidation causes tho grams to cohere 
superficially and the method can be extended 
to coating other refractory articles (Carborundnin 
Co., B.P. 9963. 1904 ; Tone, U.S.P. 772262, 

1904) . 

Carborundum can be used instead of diamond 
for drill heads, if incorporated with a suitable 
metallic or ceramic matrix (Bouvier, F.P. 
37533S, 1907). 

Neumann (Chem.-Ztg. 1900, 24, 1013) has 


shonn that siLcon carbide reduces tho chlorides 
of silver, copper, nickel and lead to their respec- 
tive metals, but it is obvious that for ordinary 
metals the usual reduction -with carbon is 
certainly cheaper. By the action of siheon 
carbide on metallic oxides, many metallic 
silicidea may be obtained. The reaction may be 
used for the preparation of special ternary and 
quaternary steels at a single operation (Muller 
andBaraduc, F.P, 361950, 1903; G.P. 210216, 
1906). 

Sdicon cirbule is used instead of ferro silicon 
as a source of sihcon in steel makmg. Quantities 
of about 0 1-0 4% placed in the ladle, at regular 
intervals, dissolve in the molten metal and 
ensure solid castings (Kaufmann and Bouvier, 
F.P. 344906, 1904 ; Eng. and Min. J. 75, 481 ; 
P. J. Tone, “ The Iron Age,” New York, 1899). 

One of the most important uses of cat^- 
rundum is as a refractory material, for which its 
pecuhar properties render it specially serviceable. 
Under the action of extreme heat, it does not, 
bke many refractories, soften below the tempera, 
tore of decomposition, 2,220®C., nor undergo 
after expansion nor after contraction, hke silica 
and fireclay bneks. Its heat conductivity is 
higher than other refractories and its thermal 
expansion is low. It is extremely hard and 
resistant to abrasion and being chemically very 
inert resists the action of acids, slags, etc. 

Carborundum articles can be made m various 
ways. The method of mixing water with a 
portion of the matenal in the form of a very fino 
powder gives a certain amount of bindmg ^wer 
to the mass, and subsequent heating in an 
oxidising flame makes the article hard and com- 
pact (c/. tvpra). Bricks are also bonded with 
clay, but the amount of clay should be kept 
as small as possible, and the vitrification tem- 
perature of tho clay should be high. Such 
hncke may be regarded as ” clay-grog ” bncka 
in which carborundum is substituted for grog, 
and this replacement, ranging from perhaps 
PMJ5%, increases the tensiJo strength, thermal 
conductivity and slag resistanco (Walton and 
Hauman, J. Amcr. Ceram. Soc. 1939, 13, 935). 
Peters (ibid. 1922, 5, 181) found that the pro- 
jwrtionmjr and Bizinjr of the constituents was 
important and affected the tensile strength, the 
deformation under load and resistance to spall 
mg. A very refractory and impermeable article 
can be made by mixing silicon carbide with not 
moro than 25% of alumina, magnesia, lime, 
spinels, etc., and firing in an inert gas, such as 
carbon monoxide, nitrogen, hebum, etc., to tho 
point of incipient fusion of the bond. The 
beating should be rapid, to prevent recrystal- 
Ii«ation of the carbide (Carborundum Co., Ltd , 
B.P. 419214, 8.5 33). In connection with the 
recrystallisation, Ruff suggests that it i* 
“ probably traceable to the temporary for- 
mation of a compound of carbon and oxygen, 
richer in carbon than CO ” (Trans. Elcctrochcm. 
Soc. 1933, 68, 87). 

Carborundum Cresand is the name given to a 
material obtained during tho process of manu- 
facture and is a compound of carbon and 
partially reduced silica. It is used as a refrac- 
tory and when further heated in an electric 
furnace is converted into crystallised car- 
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borundum. It is a greyish-green, granular 
material, of sp.gr. 2-7, and ean be bonded with 
fireelay and rammed into position as a solid 
mass, thus obviating the necessity of speeially 
shaped blocks and eliminating joints in brick- 
work. It is largely used in high temperature 
furnaces, is very resistant to the scouring action 
of copper and brass slags, and can be applied as a 
protective coating to firebrick walls, and as the 
lining of ladles. 

Two varieties of carborundum articles are 
made ; Refrax, which consists of a dense 
mass of carborundum crystals (98-99%), bonded 
together byrecrystallisation of the carbide; and 
Carbofrax, in ivhich the crystals are bonded 
with a small percentage of a refractory clay. 
The properties of the two products are very 
similar, but the refractoriness and thermal 
conductivity are somewhat lower in the Carbo- 
frax than the Refrax articles. 

The following table summarises some of the 
main properties of carborundum refractories : — 


Specific gravity .... 
App.aront gravity 

Porosity 

Tensile strength .... 

Crushing strength 

Specific heat 23°C. . 
Thermal conductivity lOO’C. 


Refrax, specific resistance 

ofat25'C 

Refrax, specific resistance 

of at 1,400°C 

Carbofrax, specific resistance 
ofat25°C 

Carbofrax, specific resistance 

of at 1,200°C 

Linear expansion at 1,300'’C. 


3-18 

2-3 

28% 

1,000-2,000 lb. per 
sq. in. 

12,500-14,500 lb. 
per sq. in. 

0-18 

0-0275 g.-eals. per 
°C. per cm. cu. 
per see. 

50 ohms per c.c. 

0-65 ohm. per c.c. 

284,000 ohms per 
c.c. 


40 ohms per c.c. 
0 - 6 % 


(Carborundum Co. Catalogues ; see also 
Hartmann and Westmont, Trans. Aiucr. Electro- 
chora. Soc. 1924, 46, 287 ; ibid. 1926, 50, 155 ; 
Hartmann and King, J. Amcr. Ceram. Soc. 
1920, 9, 758). 

Owing to their properties, especially mechani- 
cal strength, high thermal conductivity, and 
resistance to all forms of chemical attack, 
carborundum refractories have been used for a 
great variety of boiler and other furnaces, for 
recuperator tubes, and for zinc and other retorts. 

It may bo mentioned that there are several 
similar materials, known by such names ns 
SHundum, Silfrax, Sihxicon (SijCjO) (E. G. 
Acheson, J.S.C.1. 1910, 29, 244), etc., formed by 
heating carbon and silica in an electric furnace, 
the composition of the products depending 
mainly on the ratio of the amounts of the raw 
materials treated and the extent to which the 
reduction of the silica is carried. Cryslolon is 
the trade name of silicon carbide manufactured 
by the Norton Company of Worcester, Slass. 

W. 0. H. 

CARBOSERIN. .-Ictive charcoal prepared 
for internal use. 


C ARB OX IDE. A mixture of carbon di- 
oxide and ethylene oxide used as a fumigant. 

CARBOXYLIC ACIDS are characterised 
by the presence of the carboxyl group, 

\oH 

in this the carbonyl and hydroxyl groups are 
considerably modified in character, the acidic 
nature of the — OH group being markedly 

enhanced and the ketom'c nature of the 

group almost completely masked owing to 
polarisation in the sense 

c#° 

V3-H 

In fact, on modern views, the carboxyl ion is 
not to be regarded as 

R-C^° 

\o® 

but rather as a resonance hybrid of the two 
forms 


R— C 


\o® 


and R— C 


/ 


O® 


in which the charge is not localised on any one 
of the two oxygen atoms but must be regarded 
as being, statistically, equally divided between 
the two. The spatial arrangement of the atoms 
in the carboxyl group has been accurately 
worked out from X-ray data by Robertson and 
Woodward (J.C.S. 1936, 1817). 

Systematically, carboxylic acids are named 
by using the suffixes “ -oic acid ” or “ -car- 
boxylic acid ” or, occasionally, the prefix 
’ carboxy- ” ; thus n-butyric acid, 

CHyCHg-CHyCO^H, 

may be termed “butan-l-oic acid,” ‘‘propane-l- 
carboxylic acid,” or “ 1-carboxy-propane.” 
The position of substituents is indicated either 
by Arabic numerals or Greek letters ; in the 
former case, numbering is started with the 
carboxyl atom, but in the latter the carbon 
atom adjacent to the carboxj-l group is the 
a-carbon atom : 


CH, 


3 

CH 


jCHyCOjH 


This difference sometimes leads to confusion, 
the a-carbon atom being vTongly numbered 1. 

Methods of Synthesis of Carboxylic 
Acids. — Synthetic methods fall into three 
groups, viz. the conversion of other groupings 
into the carboxyl group, the direct introduction 
of the carboxyl group, and methods involving 
condensation reactions ; it will also be con- 
venient to describe methods of introducing the 
cyano-group, since cyano-compounds are easily 
conr'crtcd into carboxylic acids and form a very 
important source of the latter. 
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A. Tht ConttTtxon of Other Grovpings into tke 
Carboxyl Group . — Carboxylic acids may bo 
obtained by the oxidation of primary alcohols 
or of the corresponding aldehydes : 

RCHj OH^ RCHO-> RCO,H 

The most frequently used reagent for the 
oxidation of primary alcohols is alkaline potas- 
sium permanganate. Thus, in the preparation 
ofwobutyric acid, a solution of 280 g. ofpotaa- 
eium permanganate m 6^ litres of water is 
added over 3-^ hours, xnth mechanical stirring 
and ice cooling, to a mixture of 100 g. of lao- 
butyl alcohol and 300 c c. of nater containing 
30 g. of sodium carbonate. The product is 
allowed to attain room temperature over 12 
hours, filtered, and the filtrate evaporated to 
small bulk. isoButy'nc acid is isolated in 
84% yield by extraction of the acidified solution 
with ether, followed by distillation (Fournier, 
Bull Soc. chim. 1909, [iv], 5, 920). A mixture 
of chromic and sulphuric acids may be used 
(Pierre and Puchot, Arm. Chim. 1873, [iv], 28, 
75, 366), but this reagent has the disadvantage 
of giving nse to appreciable amounts of esters, 
acetals, etc. ; it may, m fact, be used for the 
preparation of carboxylic esters {ej. Robertson, 
Organic Syntheses, 1935, 5, 23). In some cases 
dilute nitne acid is a convenient oxidising agent 
IJIannich and Brose, Ber. 1933, 56, 835 ; Powell. 
Oreanic Syntheses, 1928, 8, 58). 

^ addition to the above reagents (e g potas 
sinm permanganate ; Ruhotf, Organic Syntheses, 
1036, 16, 39), aldehydes may to oxidised with 
aleohoJjo silver nitrate (Deldpine and Bonnet,, 
Compt, rend 1909, 149. 39). peracids (D'AnsI 
and Kneip, Ber. 1915, 48, 1143), mercunc oxide | 
(Blanchetitrc. Bull. Soc. chim 1923, (iv], 33, 
345), and bromine vater (Fischer and Ilirsch 
berger, Ber. 1880, 22, 321S), the last named 
being particularly useful in the sugar aeoes 
{(/. Xing and Nanji, J.S C.I, 1923, 41, 28). 
IVith salts of nitfohydroxylaraine, aldehydes 
xicld hydrosamic acids which arc readily 
hydrolysed by dilute acids ' 

RCHO+NOj NH OH ^ RCO NH OH 

*^j^RCOOH+ NHjOH 

This affords a x-ciy smooth method of oxidation 
(Angeli and AngeLco, Gszzetta, 1903, 33. II, 
239). 

The oxidation of methyl ketones to carboxylic 
acids may readily be carried out with aodium 
hypohahtes : 

RCO CHj4-3NaOX 

= RCO,Na+CHX,-(-2NaOH 

This reaction, which is of very great importanco ! 
in the field of terpene chemistry, is usually 
earned out by slow addition of the ketone to 
ice-cold sodium hypobromite, with violent 
agitation ; when the reaction is complete, the 
bromoform which separates is run off, excess 
hypobromite destroyed with sodium sulphite, 
and the acid obtained by acidification andj 
extraction (c/. Baeyer, Ber. 1896, 29, 25 ; I 
Wagner, ibid. 882 ; Sandbom and Bousqaet,! 
Organic Syntheses. 1928, 8, 108). The reaction | 


has increased value In that it is applicable to 
oiuatnrated ketones (Einhom, Annalen, 18S8, 
243, 363). The oxidation of cyclic ketones or 
alcohols is of importance for the preparation 
of dibasic acids : 


(CHj)„ CH(OH) -> (CH,)„ CO 

^CO,H 

-> (CH.)n 

\CHj-CO,H 

It is vsaally carried out by dropping the ketone 
into nitric acid of suitable strength, which is 
heated initially to about 90® and then kept hot 
by tbe heat of the reaction ; the product is 
isolated by evaporation of the solution, but is 
liable to be contaminated by* lower homotogues 
owing to further oxidation (Bouveault and 
Locqmn, Bull Soc. chim. 1908, [n], 3, 437 ; 
Hentzschel and Wislicenus, Annalen, 1893, 275, 
312 ; Thorpe and Kon, Organic Syntheses, 
1925, 5, 9) : aqueous potassium perman^nate 
may also he used for this oxidation (J. von Braun 
and Lemke, Ber. 1923, 55, [BJ, 3529) 

In the aromatic senes, alkyl side-chams, 
especially if substituted, are readily oxidised to 
the carboxyl group, e g ; 

PhCHjX-v PhCOjH 

Such oxidations are of particular importance for 
purposes of onentation and are usually’ brought 
about by refluxing with 2-5% potassium per 
manganate solution in the presence of sodium 
carbonate ; the precipitated'* manganese mud " 
IS filtered off and tbe acid Lberated from 
the filtrate by acidification (Baeyer, Annalen, 
J888, 245, 139 ; Clarko and Taydor, Orgnnic 
Syntheses, 1930, 10, 20) Chromic acid has 
also been extensively used (c/. Chrko and 
Hartman, Organic Syntheses, 1022, 2, 95). 
vhile dilute nitric acid may be employed 
(Dittmar and KekuI6, Annalen, 1872, 162. 33n}, 
although this method suffers from the dis- 
advantage that the product may bo con- 
tammated xnth nitration products. For s 
comparative study of such processes, see Law 
and Perkin, J.C S. 1907, 91, 261. 

A method which is of use in certain special 
coses consists in the oxidation of unsaturated 
compounds : 

RCHiCHR'-^- RCOjH-f-R'COjH 

For preparative purposes alkaline potassium 
permanganate is tbe reagent generally em- 
ployed (Saytzew, J. pr. Chem. 1886, [u), 34, 
304 ; Edmed, J.C S. 1898. 73, 627 ; Hill and 
SIcEwen, Organic Syntheses, 1933, 13, 4). 

A very important process for the preparation 
of carboxybe acids is the hydrolysis of nitriles. 
RCN-*. RCO NHj-» RCO OH, 

sinee these may be prepared by a wide variety 
of methods (see below). The hydrolysis may be 
carried out by refluxing with aqueous or 
alc^olic alkab until ammonia is no longer 


/CH,s 
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evolved ; the acid is then isolated from the 
acidified hydrolysis solution (Frankland and 
Kolbe, Annalen, 1848, 65, 298 ; Adams and 
Marvel, J. Amer. Cheni. Soc. 1920, 42, 312 ; 
Bead, Organic Syntheses, 1927, 7, 64). It is 
frequently better to carry out the h3'drolysis by 
reflu.xing ivith dilute acids (Stadel, Ber. 1886, 
19, 1951 ; Robertson, Organic Syntheses, 1922, 
2, 59 ; Marvel and Tuley, ibid. 1925, 5, 69 ; 
Clarke and Taylor, ibid, ifol, 11, 96) and some- 
times treatment with cold concentrated sulphuric 
acid followed by the addition of the equivalent 
of water may be used vdth advantage (Bruylants, 
Bull. Soc. chim. Belg. 1922, 31, 229 ; 1924, 33, 
334; Linstead, Noble, and Boorman, J.C.S. 
1933, 557). In difficult cases it is frequently 
convenient to hydrolyse with moderately con- 
centrated sulphuric acid to the amide, which 
may then be converted into the acid by treat- 
ment with nitrous acid (Bouveault, Bull. Soc. 
chim. 1892, [iii], 9, 368). The nitrile is heated 
to 120°-130° with 25-30 parts by weight of 
sulphuric acid for about an hour, the mixture 
is cooled, and the theoretical amount of con- 
centrated aqueous sodium nitrite introduced ; 
the mixture is stirred at 25° for some time and 
finally heated till the evolution of gas is com- 
plete, when it is poured into water, and the 
acid isolated by filtration or extraction (Sud- 
borough, J.C.S. 1895, 67, 602). 

Two methods of obtaining carboxylic acids 
from ketones may be mentioned here. The 
well-known benzilic acid change : 

PhCO-COPh-s. Ph2C(0H)C02H 

is brought about by alcoholic potash (Liebig, 
Annalen, 1838, 25, 25 ; Adams and Marvel, 
Organic Syntheses, 1921, 1, 33). Trialkylacetic 
acids are formed (as amides) by the fission of 
trialkylacetophenoncs by means of sodamide : 

PhCOCRj-fNaNHj-l-HjO 

-V NHjj CO CRj-l-CgHj+NaOH 

(Haller and Bauer, Ann. Chim. 1913, [viii], 
28, 373). 

B. The Direct Introduction of the Carboxyl 
Group . — The action of carbon monoxide on 
alkali hydroxides and alkoxides gives rise to 
carboxylic acids : 

RONa-hCO-^- RCO ONa 

This reaction is comparatively unimportant, 
the j'ields with the higher alkoxides being very 
poor (Poctsch, Annalen, 1883, 218, 56) ; the 
method, however, finds technical application 
in the manufacture of formic acid (Geuther, 
Annalen, 1880, 202, 317 ; G.P. 86419, 169730). 
Rccontlj', Hardy (J.C.S. 1934, 1335 ; 1936, 
358, 302) has studied the high pressure inter- 
action of carbon monoxide and alcohols, yielding 
carboxj’lio acids. 

A more important general method is the 
reaction of alkyl magnesium halides with carbon 
dioxide : 

RMgX-fCOj-J- RCO-OMgX 
RCO OMgX-l-HjO -> RCOjH-hMg(OH)X 

This reaction (Grignard, Ann. Chim. 1901, [vii], 
24, 435) is carried out by passing a stream of 
carbon dioxide into the Grignard reagent 


prepared in the usual manner ; the complex is 
then broken up by treatment OTth dilute acid 
and the resulting carboxylic acid isolated by 
suitable methods. The reaction has found very 
wide application (c/. Mej'er and- Togel, Annalen, 
1906, 347, 61 ; Gilman and Parker, Organic 
Syntheses, 1925, 5, 73 ; Puntambeker and 
Zoellner, ibid. 1928, 8, 104 ; Gilman, St. John 
and Schulze, ibid. 1931, 11, 80). A similar 
reaction may be carried out with zinc alkyls 
(Schmitt, J. pr. Chem. 1890, [ii], 42, 668). 

Sodium alkyls also yield carboxylic acids with 
carbon dioxide : * 

RNa-t-COj-^ RCOONa 

(Wanklyn, Annalen, 1858, 107, 125 ; Ziegler 
and Sehnell, ibid. 1924, 437, 251). This reaction 
is particularly useful for the synthesis of 
acetylenic acids, since substituted acetylenes 
readily form sodio-derivatives, either without 
solvent or in ethereal solution ; these sodio- 
deiivatives give good yields of carbo.xylic acids 
on treatment with carbon dioxide (Faworsky, 
J. pr. Chem. 1888, [ii], 37, 420 ; G.P. 132802). 

The sodio-derivatives of alkylacctylenes also 
condense readily with ethyl cldoroformate : 

RCiCNa-l-CICOjEt 

RCiC COjEt-pNaCI 

(Moureu and Delange, Compt. rend. 1903, 136, 
652 ; G.P. 133631, 158252). Alkylmagnesium 
halides behave similarly (Houben, Ber, 1903, 
36, 3087) but their reaction with ethyl car- 
bonate : 


RMgX-l-CO(OEt)2 XMgO-CR(OEt)j 



RCOOEHEtOH-)-IVIgX(OH) 


which generally gives very good yields, is to be 
preferred (Tschitschibabin, Ber. 1905, 38, 561). 

The Wurtz reaction between alkyl halides 
and chloroformic ester : 


RCI-hClC0jEt-t-2Na = RC02Et-l-2NaCI 

(Wurtz, Annalen Suppl. 1860, 7, 125 ; Fischer 
and Windaus, Ber. 1900, 33, 1973) generally 
gives only poor yields ; in the thiophen series, 
however, remarkably good 3'ields have been 
recorded, e.y. the condensation of ;5-iodothio- 
phen and ethj’l chloroformate, using sodium 
amalgam, to give thiophen-)3-carbo.xylic acid 
(Nahnsen, Ber. 1884, 17, 2192). 

A good method is the Friedel-Crafts reaction 
between aromatic hj’drocarbons and urea 
chloride in the presence of aluminium chloride, 
yielding amides, which may readily be hydro- 
lysed to the corresponding acids : 

CeHj-fCICO'NHj-^ CeHj-CO NHj-fHCi 

(Gattermann, Annalen, 1888, 244, 49). If the 
reaction is only to be carried out on a small 
scale, the urea chloride is prepared as required 
by heating cyanuric acid in a stream of dr^’ 
hj'drogen chloride and passing the gas into n 
carbon disulphide solution of the hydrocarbon 
containing aluminium chloride (Gattermann, 
Ber. 1899, 32, 1117). B3' a similar procc-ss 
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phenyl uocjanate in the presence of hydrogen 
ihlonde yields anilides ; 

PhNCO+HCI^ PhNHCOCl 
C.H.+ PhNHCOCI 

^ CjHj-CO NHPh+HC> 

(LeucUrt, Ber. 1835, 18, 873 ; J. pr. Chem. 
18M, [ii], 41, 301). Phosgene also condenses 
with aromatic hydrocarbons in the presence of 
aluminium chloride : 

CgH,+ COCIt-> CgHj-COCJ+HCI 
(Jacobsen, Ber. 1889, 22, 1220) ; the yields are. 
however, usually poor owing to further con- 
densation with the production of ketones. It 
is of interest to note that tertiary bases condense 
with phosgene even in the absence of alnminium 
chloride to give the chlorides of the corre- 
spondmg carboxylic acids (G.P. 44238). Re- 
placement of phosgene by the less dangerous 
oxalyl chloride gives better yields ; eg. tetraho 
with oxalyl chloride and aluminium chloride 
gives a 70% yield of ar tetrahydro (5 naphthoyl 
chloride ; 



(J. Ton Braun, Kirschbaum and Sebubmann, 
Ber. 1920, 63, 1161). 

Kolbe (J. pr. Chem 1874, {ii}, 10. 94) dis 
covered that sodium phenatc, on beating in a 
stream of carbon dioxide, ynelds sodium eahey- 
late : 


+ CO, 


k^co*^ 


The reaction may also be brought about by 
beating sodium phenyl carbonate in an auto- 
clave at 130® (Schmitt, J. pr. Chem. 1885, [u], 
31, 397) ; at higher temperatures some j>, 
hydroxybenzoic acid is formed. Other pbenob 
behave similarly and with ^naphtbol suitable 
adjustment of the experimental conditions leads 
to the formation of the 1-, 3', or 6 carboxyhc 
acid (Morgan. J.S.C.I. 1931, 50, 104). Poly- 
hydric phenols react more readily, the reaction 
being brought about by heating to 130* with 
alkali bicarbonate solutions (IV’ill and Albrecht, 
Ber. 1884, 17, 2103 ; Kostanecki, Ber. 1885, 
18, 3202 ; Thiele and Jaeger, Ber. 1901, 34, 
2810). A further modification (Brunner, An- 
nalen, 1907, 351, 319) consists in beating a 
glycerol solution of the polyhydnc phenol with 
sodium bicarbonate in a stream of carbon 
dioxide. 


The carboxyl group may also be introduced 
into phenols by a modified Reimer-Tiemann 
reaction, using carbon tetrachloride in place of 
chloroform : 

OH 


O' 


CCI4+6KOH 


+ 4KCH-H,0 


CO,K 

(Reimer and Tiemaun, Ber. 1870, 9, 1235 ; 
Uassc, Ber. 1877, 10, 2185). This reaction 
generally yields the p carboxylic acid, whereas 
Kolbe’a synthesis usually affords the 0 isomeride; 
copper or copper compounds have been recom- 
mended as catalysts (G.P. 238S87). 

C Condensatton Jleaeliona. — An important 
synthetic method for unsaturated acids is the 
Perkin reaction (Perkin, JC.S. 1877, SI, 389), 
which IS brought about by heating an aromatic 
aldeh>de with the salt of an acid m the presence 
of an acid anbydnde : 

RCHO+R'CH.CO.H 

RCH.CR'-COtH+H,0 

Thus cinnamic acid is prepared by heating a 
mixture of 20 g. of benzaldebyde, 10 g. of fused 
sodium acetate, and 30 g. of acetic anbydnde 
under an air-refiux for 8 hoars at 180* ; the 
mass is poured into sodium carbonate, tm- 
changed benzaldebyde removed la steam, and 
cinnamic acid precipitated by acidification of 
the residual solution (Bertagnml, Annalen, 1656, 
100. 126 5 Perkin, U. ; Fittlg, Ber. 1881, 14, 
1826). 

The reaction may be extended to acids of the 
succinic senes but is then complicated by tbs 
formation of more than one product ; thus 
benzaldebyde, sodium succinate, and acetic 

and pbenylparaconic acids : 


PhCHO+CH,-CO,H 


CHjCOjH 



PhCH CH CHjCOjH 


+ H ,0 


PhCH CH CO,H 

Vo 

(Fittig and Jayne, Annalen/ 1882, 216, W). _ 
Aliphatic aldehydes give very poor yieW* 
the Perkin reaction but may be used successruiljr 
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for the preparation of alkylparaconic acids by 1 be converted into the derived itaconic, citra- 
Fittig’s modification ; the product may then I conic, mesaconic, and aticonic acids : 


Me,C — CH-CO,H 



MejC:C-CO,H 

I 

MeCHCOjH 

Itaconic. 


MCjCH-C-COaH 


Me \ 


CH/ 


C-CHCO,H 


MeCHCOsH 

Aticonic. 


MejCH-C-COaH 


MeCCOjH 

Citraconic. 


HOjC-CMe 


Mesaconic. 


(Fittig, el al. Annalen, 1889, 255, 1, 275; 1899,' 
304, 117 ; 1899, 305, 1). The paraconic acids 
also lose carbon dioxide on heating, with the 
formation of the corresponding monocarboxj'lic 
acid, 'JSy-unsaturated acids, 

XYC-.CHCHZCOjH 

(Joync, Annalen, 1882, 216, 113). 

The Perkin reaction has also been extended to 
malonic acid. Thus, benzaldehyde, sodium 
molonate, and acetic anhydride react in the 
cold (Fittig, Ber. 1883, 16, 1436) to give benzyli- 
denemalonio acid, which is, however, better 
prepared by refluxing on the water-bath a 
mixture of benzaldehyde and malonic acid in 
acetic acid solution (Claisen and Crismer, 
Annalen, 1883, 218, 315). The alkylidene- 
malonic acids so formed readily lose carbon 
dioxide on heating, yielding a/S-unsaturated 
acids. These reactions may be carried out in 
one stage using a tvide variety of catalysts. 
Thus, acetaldehyde and malonic acid in acetic 
acid yield crotonic acid (Komnenos, Annalen, 
1883, 218, 149) ; if acetic anhydride is em- 
ployed ketones may be brought into reaction, 
e.g. acetone and malonic acid yield /3^-dimethyl- 
acrylic acid (Massot, Ber. 1894, 27, 1225, 1574). 
Bases may also be used as catalysts ; alcoholic 
ammonia brings about the condensation of ben- 
zaldehydo and malonic acid to cinnamic acid 
in good yield (Knoovenagel, Ber. 1898, 31, 
2004), but organic bases, such as primary and 
secondary amines (Knoevenagel, G.P. 97735, 
16G5C0, 161171), and pyridine (Verley, Bull. 
Soc. chim. 1899, 21, 143 ; Doebner, Ber. 1900, 
33, 2140 ; Letch and Linstcad, J.C.S. 1932, 
456), are to be preferred. An extensive study 
of the base-catalysed reaction between aliphatic 
aldehydes and malonic acid has led to certain 
general conclusions ; in the presence of large 
amounts of pyridine, aj3-unsaturated acids are 
formed exclusively, whereas small " catalytic ” 
amounts of base, triethanolamine being by far 
the most convenient, give rise to the pure 
^y-isomers : 

J-Q RCHj-CH;CH CO,H afi 

\ \ 

COjH RCHtCHCHj-COiH fiy 

(Boxer and Ifinstcad, J.C.S. 1931, 740 ; Lin- 
stcad, Noble, and Boorman, ibid. 1933, 557 ; 
f/. von Amvers, Annalen, 1923, 432, 58). 

If cyanoacetic acid is used in place of malonic 
acid, a-cyano-aJS-unsaturated acids arc formed 


(Fiquet, Ann. Chim. 1893, [vi], 29, 433 ; 
Knoovenagel, G.P. 164296), and these may be 
decarboxylated by heating, giving rise to the 
unsaturated nitriles : 

RCHO-fCH2(CN)COjH^ 

RCH:C(CN)C02H 

RCHiCH-CN-hCOj 

or, by suitably adjusting the experimental con- 
ditions, both reactions may be carried out in 
one operation (Letch and Linstead, J.C.S. 1932, 
450). 

Aromatic aldehydes also yield carboxylic 
acids (as their esters) by condensation with 
esters; this method, which was discovered by 
Claisen (Ber. 1890, 23, 976), is frequently 
superior to that of Perkin. Thus, benzaldehyde 
and ethyl acetate condense, without solvent, 
under the influence of sodium (wire or powder) 
to yield ethyl cinnamato : 

PhCHO-fCHj-COjEt^- PhCH-.CH-COaEt 

(Claisen, l.c. ; Posner, J. pr. Chem. 1910, [ii], 
82, 436 ; Marvel and King, Organic Syntheses, 
1929, 9, 38). Both aldehydes and ketones react 
similarly with ethyl succinate in the presence 
of dry, alcohol-free, sodium ethoxide (Stobbe, 
Annalen, 1894, 282, 283 ; 1899, 308, 90 ; 1911, 
380, 1). Malonic ester reacts more readily than 
monobasic esters and also reacts with aliphatic 
aldehydes and ketones, thus enabling purely' 
aliphatic unsaturated esters to be prepared 
by this method ; as condensing agents, acetic 
anhydride (Claisen and Crismer, Annalen, 
1883, 218, 121 ; Meyenburg, Ber. 1895, 28, 
786) and ammonia, piperidine or diethylamino 
(Knoevenagel, Ber. 1898, 31, 2593 ; Otter- 
bacher. Organic Syntheses, 1930, 10, 58), have 
been employ'ed. With aliphatic aldehydes it is 
often a matter of great difficulty to prevent the 
reaction of 2 mols. of malonic ester with 1 of 
the aldehyde : 

RCHO-hCHj(CO„Et)2 

1 

R-CH:C(C02Et)2-fHj0 

I CHj(C02Et)2 
r 

RCH-CH(C02Et)2 

CH(C02Et)3 
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Thia reaction may be used for the preparation 
of glutaric acid and its p substituted den^atives 
(c/. Conrad and Guthzeit, Annalen, 1884, 222, 
25S ; Knoevenagel, Ber. 1914, 27, 2346) ; thus 
an iced mixture of 32 g, of ethyl malonate and 
8 g. of 40% aqueous formaldehyde is treated 
TTith 0 5 g of piperidine or diethylamine and 
then allowed to stand at room temperature in a 
closed vessel for 12 hours, after which it is 
heated on the water-bath for several houia. 
The oil is separated from the water and distilled 
(b p. 200'’-205“/20 mm.). The 26 g. of oy- 
dicarbethoxyglutarie ester so obtained are 
hydrolysed and decarboxylated by reBuring for | 
6 hours with equal parts of concentrated hydro- 
chloric acid end water 5 evaporation of the 
hydrolysis product fields glutaric acid. 

Cyanoacetic ester may be condensed similarly 
with aldehj’des (Camck, J. pr. Chem. 1892, 
[11], 45, 600). ketones (Komppa, Ber. 1900, 33, 
3532) and p keto-esters (Linstead and Meade, 
J.C.S. 1934, 93S ; Barrett and Linstead, J.C.S. 
1935, 440], the latter reaction being par 
tieularly useful for the preparation of cyclic 
dibasic acids. Ketones may similarly bo con- 
densed with acetoacetic ester (Mcrling and 
Welde, Annalen, 1909, 266, 131; Jupp, Kon, 
and iKickton, J.C.S. 1928, 1638) and ethyl 
oxalate Marvel and Dreger, Oi:ganic 
Syntheses, 1926, 6, 40). 

Carbonyl compounds also react with o-btomo- 
esters under the influence of zmo : 
RR^CO+R"CHBrCO|Et 

-► Rft'CH(OH)CHR~CO,Ef 
(Reformatsky, Ber. 1887, 20, 1210 ; J. pr. 
Chem. 1896, [it], 64, 469). This reaction was 
original^ carried out without solvent ; Linden- 
baum (Ber. 1917, 50, 1270) introduced the use 
of benzene as solvent, a procedure which is 
now generally followed although tolaene and 
xylene may be used if higher temperatures are 
desired. Zelinsky and Gutt (Ber. 1902, 35. 
2140) used magnesium in ethereal soIuUon.and 
Kieuwland and Daly (J. Amer. Chem. Soc. 1931, 
53, 1842) recommended the use of copper 
powder as a catalyst enabling o-chloro esters to 
be used, but Kon and Nargund (J.C.S. 1932, 
2461) in a general study found this to be un- 
necessary. The method has also been used 
successfully with jS keto-esters (Linstead and 
hleade, J.C.S. 1934, 936 ; Chuang, Tien, and 
Huang. Ber. 1935, 68, [B], 864). 

DialkylglycoUic esters are produced by the 
reaction of ethyl oxalate with alkyl magnesium | 
halides : 


CO.Et R.COH 

I + 2RMgX-» I 
COjEt CO,l 


Et 


(Grignard, Bull. Soc. chim. 1903, [iu], 29, 948). 
Keto-esters may he obtained by the reaction 
of acyl halides with bromo-esters in the presence 
of magnesium : 


RCOBr-i.BrCH,-CO,Et 


RCOCHjCOjEt 


(Meyer and Togel, Annalen, 1906, 347, 71 ; 
Zeltner,Ber.l908.41.689). • 

Geuther (Jahresberichte, 1863. 323} found that 


2 mols. of ethyl acetate condensed together 
under the influence of metallic sodium : 

CH,-CO,EHCH,-CO,Et 

CHj-CO GHj-COjEt+EtOH 

the J3-ketonic ester, ethyl acetoacetate, bemg 
formed (c/. Wislicenus, Annalen, 1877, igg, 
210 ; Snell and McElvain, J. Amer. Chem. Soc! 
1931, S3, 750 ; Inglis and Roberts, Organic 
Syntheses, 1926, 6, 36). Higher homologvies of 
ethyl acetate may be used (Hantzsch and 
WoUbruck, Ber. 1887, 20, 1320 ; SIcEWain. 
J. Amer. Chem. Soc. 1920,51, 3124) although the 
yields are usually poorer ; according to Bnese 
and McElvain (J. Amer. Chem, Soc. 1D33, 55, 
1697) better yields result if the reaction is 
earned out with sodium ethoxide under re* 
duced pressure. Unlike esters may be em- 
pioyed, c.y. ethyl benzoate and ethyl acetate 
give ethyl benzoylacetate (Wahl and Doll, 
Bull. Soc. chim. 1913, [iv], 13, 265), ethyl 
formate end other esters yield formyl esters : 


H COjEt+R CHj-COjEt-r R HC^ 


•CHO 


'^COjEt 

(Wislicenus, Annalen, 1908, 363, 347 ; Wheeler 
and fifcFariand, Amer. Chem. J. 1910, 43, 22) 
Similar reactions may be brought about with 
dibasic esters. Ethyl succinate condenses with 
itself in the presence of eodium, yielding a 
cyclohexane derivative : 

CO|Et 

(5h, CH,-COjEt 
CO,Et (Ih, 

CH, CHCO.Et 

-♦ ( ( -f 2E<0H 

CO.Et-CH CH, 

(Herrmann, Annalen, 1682, 211, 306). Esters of 
the adipii^ pimelic, and suberic series undergo 
ring-closure m the presence of sodium, yielding 
eyebe B keto-esters : 

CH, CO.Et CH- CO 

I I 1 

CH, CH, CO,Et CH, CH CO,Et 

The reaction is usually carried out by adding 
1 g. mol. of the ester to 1 g. atom of sodium 
powder under benzene ; the reaction is com- 
pleted by heating on the water-bath until all 
the eodium is used up, a hard cake of eodio- 
derivative usually filling the flask. This is 
decomposed with dilute acid and the ester 
present in the benzene layer is worked up in 
the usual way (Dieckmann, Annalen, 1901, 317, 
27 ; Linstead and Jfeade, J.C.S. 1934. 940) 
The reaction gives negligible yields with cstem 
of the glutaric, sebacic, and azelaic senes. 

The condensation of ethyl oxalate with esters, 
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is of great importance since the a-keto-esters 
first formed 


COjEt 

CO,Et 


+ RCH2C02Et 


RCHCOjEt 

COCO.Et 


Acta, 1931, 14, 1163). If is of interest to note 
that the methylene group of fluorene is sufla- 
ciently reactive to undergo a similar conden- 
sation : 


lose carbon monoxide on heating with the pro- 
duction of malonic esters : 


RCHCOaEt 

CO-COjEt 


^COjEt 

RHC"^ +CO 

'^CO„Et 


(Wislicenus, Annalen, 1888, 246, 316 ; Ber. 
1894, 27, 1093) ; the reaction affords a con- 
venient method of preparing phenylmalonic 
esters which are not accessible by direct alkyla- 
tion of malonic ester (Levene and Meyer, Organic 
SjTitheses, 1936, 16, 33). With dibasic esters 
under drastic conditions cyclic products are 
formed (Dieckmann, Ber, 1897, 30, 1470), the 
following well-knoivn example being the basis 
of Komppa’s synthesis of camphor : 


MejC 


//CHj-COjEt QOjEt 

\cH,CO,Et COjEt 


■MejC 


COjEt 


CO 


''CH'' 

(iojEt 

(Komppa, Annalen, 1909, 368, 126). 

The condensation of ethyl oxalate with cyclic 
ketones is of importance, since it affords a ready 
method of obtaining the reactive cyclohex- 
anone-)3-carboxylic esters : 


CH, 


HjC 


H,i do 


2 COjEt 

+ I 

COjEt 


NsOEt 


HjC 


CH, 


Hjd d 

^C'hL 


CHCOCOjEt 


HjC 


CH, 

CHCOjEt 


H„C CO 
CHa 

The condensation is carried out using ice-cold 
sodium cthoxidc, and the crude cyclohexanone 
/5-oxnlic ester on vacuum distillation yields the 
^-kete-cster directly (Kotz'and Michels, Annalen 
1906, 350, 210 ; Kotz, ibid. 1908, 358, 198 
Ruzicka, Koolhaas and Wind, Helv. Chim 



+ 


COjEt 

COjEt 


CO-COjEt 


(Thiele, Ber. 1900, 33, 666, 851 ; Wislicenus, 
Annalen, 1924, 438, 1). 

Ethyl carbonate may be condensed with 
nitriles under the influence of sodamide, the 
reaction affording a method of preparing other- 
wise inaccessible arylcyanoacetic esters : 

PhCH,-CN-f-CO{OEt)j 

PhCH(CN)COjEt-i-EtOH 

(ef. Nelson and Cretcher, J. Amer. Chem. Soc. 
1928, 50, 2758). 

a)3-Unsaturated esters and ketones under the 
influence of sodium ethoxide or bases combine 
additively with malonic, aeetoacetic and 
cyanoacetic esters : 

RCH:CHCOR'+XCHjCOjEt 

RCHCHj-COR 

XCH-COjEt 

(hOchael, J. pr. Chem. 1887, [ii], 35, 349 ; 
Auwers, Ber. 1891, 24, 307 ; Michael, J, pr. 
Chem. 1894, [ii], 49, 20 ; Vorlander, Ber. 1894, 
27, 2053) ; the Slichael reaction is very im- 
portant for the synthesis of substituted glutario 
and tricarballylic acids (c/. Clarke and Murray, 
Organic Syntheses, 1926, 4, 29). 

The special importance of the reactions 
described above, leading to the production of 
P-keto-esters, lies in the fact that their sodioi 
derivatives are readily alkylated : 

RCOCHjCO„Et-i-R'X 

RCO-CHR' COjEt 

The products may then be easily hydrolysed 
yielding, according to the reagent employed, 
ketones or acids : 

^RCOCHjR' 

RCO-CHR'-COjEt<( 

^R'CHj-COjH 

For the monoalkylation of aeetoacetic ester, 
1 g. mol. of the ester is added to a solution of 
sodium ethoxide prepared from 1 g. atom of 
sodium and 10 parts by weight of absolute 
alcohol ; the alkyl halide is added cautiously 
and the reaction, which proceeds with precipita- 
tion of sodium halide, completed by heating on 
the water-bath until the solution is no longer 
alkaline (Wislicenus, Annalen, 1877, 186, 216 ; 
Briihl, J. pr. Chem. 1894, [ii], 50, 133 ; Marvel 
and Hager, Organic Syntheses, 1927, 7, 36). 
Aryl halides cannot be used in this reaction, but 
halogenated esters react readily (Emery, Ber. 
1891, 24, 283 ; Bone and Spranlding, J.C.S. 
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1899, 75, 839 ; Adkins, Isbell, and ■Wojdk. 
Organic SjTitheses, 1934, 14, 38), Hethylation 
can also be carried out vitb dimethyl sulphate 
(Grandmougin, Ha%as, and Gujot, Cbem 'Ztg. 
1913, 37, 812). Ihe mono alkjl derivatires so 
formed may be further alk;ylated by similar 
methods (Conrad and Limpach. Annalen. 1878, 
1B2, 153). Pulverised (“ molecular *’) sodium m 
inert solvents may sometimes advantageously 
replace sodium ethoxide in these condensations. 
As usually prepared the lower mono.alLjlaceto- 
acetic esters are contammated with unalkylated 
and di alkj'lated matenal ; they may be 
purified by a process of partial hydrolyaia 
(Michael and Wolgast, Ber. 1909, 42, 3176). 

Acjl hahdes undergo similar condensations 
with acetoacetic ester, but the producta usually I 
contain some O acyl derivative of the enolic I 
form ; however, careful control of the con- 
ditions enables good yields of the desired diketo- 
ester to be obtamed . i 

CH, CO CH, CO.Et+RCOCI ' 

CHj-CO^ 

-*■ CH COjEf I 

rcq/ I 

(Claisen, Annalen, 1896, 291, 71) ; the resulting 
dUeto esters cannot be further alkylated, i 
Calcium carbide has been recommended m I 
place of sodium ui such reactions (Packendorff, I 
Ber. 1931, 64, [B],948). Acetoacetic ester also' 
condenses readdy with aldehydes, yietdmg 
alkylideneacetoacetic esters (Knoevcnagel, Ber. 
1898, 31. 2773 . 1896, 29, 172). 

As mentioned above, the importance of the 
alkylated acetoacetic esten lies In their fission 
to other products. This takes place m tno ways 
The so-called “ Letonic fission ” 

R-CO CR'R"-C0,Et-t-H,0 

-*■ R-CO CHR'R"-pCO,-f-EtOH 
IS effected by refluxing with dilute mineral acids 
(Conrad, Annalen, 1877, 183, 223; Fittig and 
Wolff, ibid. 1882, 216, 127; Lmery, ih>d. 1897, 
295, ^ i Johnson and Hager, Organic Syntheses, I 
1927,7, 60); it is of importance for tl\e syntheais ' 
cf ket'ff sCi'ds Of g•«w^A• ASfpuv&Trtii? fyr 
synthesis of carbo ^hc acids is the “ acid 
fission ” : 

RCO CR'R" COjEt+H,0 

RCO,H+CHR'R"CO,H 
which IS effected by reflusmg with concentrated 
alkah (Kiliani, Ber. 1886, 19, 227; Fittig and 
Hesserschmidt, Annalen, 1831, ^8, 92). A 
V anant is the " ester fission ” : 

RCO CR'R" CO,Et+EtOH 

-> RCO,EHCHR'R"COjEt 
in which alcohohe sodium ethoxide (Dieckmann, 
Ber. 1900, 33, 2670.2681 ; 1908,41, 1260. 1266) 
or 1:8 naphthjlencdiaimiic hydrochlonde 
(Sachs, Annalen, ioOO, 365, 74) is thebydrolysdng 
agent. 

In a precisely analogous manner malonic eater 
can be alkylated, so^um ethoxide and al^l 
halides generally bemg employed for this pur- 
pose (Conrad, Annalen, 1880, 204, 127, 134 ; 
Adams and Kamni, Organic SjTitheses, 1925, 


4, 11); alkyl sulphates may also be used 
(Grandmougin, Havas, and Guyot, Chem. Zte 
1913, 37, 812 j Hurd, Jones, and Blunck J. 
Amcr, Chem. Soc. 1935, 57, 2034) and rasgi 
nesium may sometimes advantageously replaw 
sodium (Lund, Ber. 1934, 67, (B), 935), par. 
ticularly wnth acjl halides. As in the case 
of acetoacetic ester, aryl halides do not react, 
but halogenated esters react readily (Bisehoff, 
Annalen, 1882, 214, 53) j in certam cases' 
however, the reaction takes an unexpected 
course, thus : 

MftjCBr COjEt MeCH CO,Et 



MeCH(COgEt), MeC(CO,Et), 

(Bone and Sprankling, J.CS. 1899, 75, 839; 
Rydon J.C.S. 1936, 1444). C^anoacetic ester 
can replace malomc ester in all these reactions 
(Haller, Compt. rend 1887, 104, 1626 ; Bone 
and Bprankhng, J C.S. 1900, 77, 654 ; Zehnsky, 
Ber. 1888, 21, 3163). As usually prepared the 
lower alkj Imalonic esters are contammated with 
dialkylated and unalkylated material , they 
may be purified by a process of partial hydrolysu 
(Michael, J. pr. Chem. 1905, {iij, 72, 547, 550) 
For synthetic purposes the alkylmalonic 
esters are hydrolysed to the alkylmalonic acids 
«ith aqueous or alcoholic alkali (Conrad, 
Annalen, 1880, 204, 132 ; Conrad and Bisehoff, 
tbid 1680, 204. 168 , Bisehoff and Siebert, i&id 
1$$7. 239, 92). The alkylmalonic acids are 
decarboxyiated to monobasic acids on beating 
above their roelting-pomt until tlie evolution 
of gas ceases : 

RCH(CO,H),-i. RCHj-COtH-fCO, 

(le.; Krafft, Ber. 1884, 17, 1630). Hydrolysis 
and decarboxylation may be earned out in one 
operation by refluxing with dilute mineral 
acids (Komppa, Ber. 1600, 33, 3530 ; Knooe 
nagel, Ber. 1894, 27, 2346 ; Vlict, Man cl, 
and Hsueh, Organic Sy-ntheses, 1931, 11, 76), 

I this procedure is particularly useful in the 
<5/ pa’yiieA'c {•r/. Cisrke awJ 

Murrav, Organic Syntheses, 1925, 4, 77) ; in 
difficult cases the use of a mixture of water, 
formic acid, ami sulphuric acid is advantageous 
(</. Bydon, J.C.S. 1936. 695). In those syn 
theses m which acetoacetic ester or malonic ester 
may be employed to prepare the same material, 
the malonic ester method is to be preferred, as 
the yields are usually better. 

A method for the eynthesis of dicarboxyhc 
acids 13 afforded by the chniination of 2 atoms 
of bromine from 2 mols. of a bromomonocar- 
boxylic ester under the influence of finely dii nicd 
Oliver; • 

2RCHBrCO,Et-l-2Ag 

RCHCO.Et 
I -!-2AgBr 

RCH CO,Et 

(W isliccnus, Annalen, 1669, 149, 220 ; Auwers, 
t6id. 1896, 292, 167 ; Hell and Bothberg, 
Ber. 1889, 22, 60) ; the yields are, however, 
nsually poor and rearrangements often occur. 
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Copper powder has been employed for the same 
purpose (Ince, J.C.S. 1848, 1, 157). 

Cj'clic keto-acids may be obtained by the 
Friedel-Crafts reaction between acyl halides 
and acids : 

PhCOCl+PhCOjH -> PhCO-CoH^COjiH 

Better results are obtained using acid anhydrides 
in place of acyl halides : 

O H- 




Li) / JJ 

\co/ 







CO,H 




(H. von Pechmann, Ber. 1880, 13, 1612 j Burcker, 
Ann. Chim. 1882, [v], 26, 435, 449) ; this 
reaction has been much used in recent years 
(Groggins and Nagel, Ind, Eng. Chem. 1934, 
26, 1313 ; Somerville and Allen, Organic 
Syntheses, 1933, 13, 12 ; Fieser and Hershberg, 
J. Amer. Chem. Soo. 1936, 58, 2316). 

An important method for the synthesis of 
)3^-dialkylglutario acids is the condensation of 
ketones with cyanoacetic ester (Guareschi, Atti 
R. Accad. Sci. Torino, 1900-1901, 36, 443; 
Kon and Thorpe, J.C.S. 1919, 115, 693). The 
reaction is carried out by allowing a mixture of 
the ketone and ethyl oyanoacetate to stand at 
0° with saturated alcoholic ammonia for some 
days ; the precipitated ammonium salt is then 
filtered off and converted into the imide with 
hydrochloric acid ; this is then hydrolysed and 
decarboxylated by heating with sulphuric acid 
(Vogel, J.C.S. 1934, 1760) : 

RR'C0+2CHj(CN)C02Et 

tI- 

/CH{CN)CO. 

RR'C/ >NH 

\CH(CN)CO/ 


^CHj-COjH 


RR'Cv 

^CHj-COjH 

A convenient method of preparing aa- 
dialkylsuccinio acids is the condensation of 
cyanohydrins with cyanoacetic ester, which is 
carried out with sodium ethoxide (Higson 
and Thorpe, J.C.S. 1906, 89, 1465). Acid 
hydrolysis of the product yields the desired 
succinic acid : 

RR'C(OH)CN+CH„(CN)CO,Et 

I 

RR'C(CN)CH(CN)CO,Et 
RR'CCOjH 


D. Introduction of the Cyano-Group. — The 
cyano-group is of importance as a pre- 
cursor of the carboxyl group, into which it is 
readily converted by hydrolysis. It is, perhaps, 
most readily introduced by the interaction of 
halogen compounds with alkali cyanides : 

RX+NaCN-> NaX-pRCN 

This reaction is generally carried out by re- 
fluxing in alcoholic solution, but a wide variety 
of procedure has been described (c/. Rosen- 
mund and Struck, Ber. 1919, 52, [B], 1749 ; 
Adams and Thai, Organic Syntheses, 1922, 2, 9 ; 
Kohler and Allen, ibid. 1923, 3, 63 ; Marvel and 
McColm, ibid. 1925, 5, 103 ; Inglis, ibid. 1928, 
8, 74 ; Ruhoff, ibid. 1936, 16, 35). The action 
of cuprous cyanide on allyl alcohol and hydro- 
_chlorio acid has been used with great success 
(Breckpot, Bull. Soo. chim. Beige, 1930, 39, 
465). Nitriles are also obtained by heating the 
salts of sulphonic acids with potassium cyanide 
(Merz and Mulhauser, Ber. 1870, 3, 710). 

Hydrogen cyanide may be added directly to 
a)3- double bonds in unsaturated acids, esters, 
nitriles, and ketones, a little alkali or organic 
base being employed as a catalyst, 

RCH:CHX-f-HCN -> RCH(CN)CH2X 

(Bredt and Kallen, Annalen, 1896, 293, 350 ; 
Claus, ibid. 1878, 191, 33; Lapworth, el al. 
J.C.S. 1904, 85, 1214; 1922, 121, 49, 1699; 
Organic Syntheses, 1928, 8, 88). A similar 
reaction takes place with tbe carbonyl groups of 
aldehydes and ketones thus yielding cyano- 
hydrins : 

RR'CO+HCN -> RR'C(OH)CN 

(Ultee, Rec. trav. chim. 1909, 28, 1, 248, 257 ; 
Jones, J.C.S. 1914, 105, 1560 ; Lapworth and 
Manske, J.C.S. 1928, 2533 ; 1930, 1976). It is 
generally best to add a sh’ght excess of liquid 
hydrogen cyanide to the carbonyl compound 
with a little potassium cyanide, caustic, alkali 
or secondary amine as catalyst ; sometimes, 
however, hydrogen cyanide produced in situ 
from potassium cyanide and an acid gives equally 
good results {cf. Ruzicka and Brugger, Helv. 
Chim. Acta, 1926, 9, 399 ; Welch and Clemo, 
J.C.S. 1928, 2629 ; Boorman and Linstead, 
J.C.S. 1935, 261 ; Cox and Stormont, Organic 
Syntheses, 1935, 15, 1). Another method con- 
sists in treating the bisulphite compound of the 
carbonyl compound with aqueous potassium 
cyanide (Bucherer and Grolee, Ber. 1906, 39, 
1224 ; Albert, Ber. 1916, 49, 1382 ; Corson, 
Dodge, Harris, and Yeaw, Organic Syntheses, 
1926, 6, 68). Cyanohydrins may be obtained 
from almost all carbonyl compounds and since 
they may be dehydrated to unsaturated nitriles 
and these latter reduced to saturated compounds 
their synthetic importance is very great ; for 
recent examples of their employment in this 
way see Huckel and Lamport, Ber. 1934, 67, 
[Bj, 1811 ; Rj'don, J.C.S. 1937, 257. A similar 
reaction with ammonium cyanide is useful for 
the synthesis of a-amino-acids : 

RR'CO-f NH^-CN -> RR'C(NH2)CN 


VoL. II.— 24 
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(Zelinald and StadmkofT, Ber. 1906, 39, 172S ; 
1908,41,2063). The dehydration of aldoiimes . 

RCH:NOH-*- RCN+H,0 
has also been used for the preparation of nitnies 
(e/. Buck and Ide, Organic Syntheses, 1933, 15, 
85). 

In the aromatic series, important methods for 
the preparation of nitnies are the reactiom of 
Sandmeyer and Gattermann. The latter (Ber. 
1690, 23, 1218) consists m treating a diazonium 
cyanide with copper bronze. In the former 
(Ber. 1884, 17, 1633, 2650), which is generally! 
more convenient for the preparation of nitnln 
(f/, Clarke and Read, Organic SjTitheses, 1025, 
4, G9), the diazonium chloride is treated with 
cuprous cyanide and then warmed. 

Reactions of Carboxylic Acids — (i) Salt 
J'orwialion — The salts of carboxylic acids may 
be obtained by neutralisation of the free acid 
with the appropriate hydroxide or carbonate 
Salts of the alkali metals are generally prepared 
by careful neutralisation, followed by evapora- 
tion , salts of the alkaline earths and heavy 
metals, by boiling with an aqueous supenslon of 
the metallic carbonate, followed by filtration 
and evaporation Sparingly soluble salts may 
be obtained by double decomposition , tbe 
preparation of silver salts is usually so earned 
out b} adding aqueous silver nitrate to an 
aqueous solution of the ammonium salt of the 
acid, the precipitated silver salt being filtered 
off and dried. 

(ii) Prtparalion of Aeyl Ilahdu. — For the 
preparation of acyl chlorides phosphorus penta* 
chloride, phosphorus trichloride, and thionyl 
chloride are the most widely used reagents, the 
choice being largely dependent on tbe properties 
of the acyl chloride If phosphorus penta* 
chloride is used, phosphorus ozyehtonds is an 
end product of the reaction : 

RCOjH-fPCIji. RCOC|+POCl,+ HCI 
If the acyl chloride has a boiling-pomt widely 
different from that of phosphorus oxychloride 
it may be separated by distillation (Gr&be and 
Bungener, Ber. 1879, 12, 1079 . Krafft and 
larger, Ber JSS4, J7, 1373; Ad-ttos and 
Jenkins, Organic Syntheses, 1923, 3, 75) ; if 
this method ts not spphcable, treatment with 
light petroleum may be used to separate the 
inorganic matenal (Wallach, Ber. 1875, 8, 300). 
It IS frequently desirable to employ diluents, 
such as benzene or chloroform (Grftbe, Annalen, 
1896, 291, 10) , m the cases of acids that are 
slow to react, phosphorus oxychlonde, used 
as solvent, facilitates the reaction (H. von Pech- 
mann, Annalen, 1891, 264, 282 ; Pseborr, Ber. 
1893, 31, 1295). 

If tbe acyl chloride has a low boiling point, 
phosphorus trichloride is a better reagent : 

3RCO,H-l-PCIj-+ 3RCOCI-1-HPO, 
since tbe phosphorous acid formed is non-volatile. 
Tbe use of phosphorus halides is attended the 
danger of contamination of the product with 
phosphorus compounds, which may be veiy 
difficult to remove completely. For this reason 
thionyl chloride is frequently used ; the reaction 
proceeds in tbe cold and is finished 1^ gentle 


warming and has the advantage that all the 
uuHgamc products are gases : 

RCO,H-l-SOClj-»- RCOCl4-SO,+ HCI 
(Meyer, Monatsh. 1901, 22, 109, 415, 777- 
Hetre, Ber. 1893, 28, 594 ; Helferich and 
Schaefer, Organic Syntheses, 1929,9,32). \\ith 
this reagent, however, succinic, glutaric, and 
maleic acids form, not acyl chlorides, but 
anhydrides (McMaster and Ahmann, J. Arner. 
Chem. Soc. 1928, 50, 145) , in some cases the 
presence of pyridine is necessary for the reaction 
to proceed (Carre and Libermann, Gompt. rend. 
1934, 199. 1422). 

Acyl chlorides may also be obtained by the 
action of pbosphorua oxychloride on the atrium 
salts of carboxylic acids ; 

2RCO,Na-i-POCl, 

-e 2RCOCl-|-NaPOs-l-NaCl 
(Gerhardt and Chiozza, Compt. rend. 1853, 
36, 635 , Rugheimer and Hofmann, Ber. 1684, 
17. 739 , Rupe, Annalen, 1909, 369, 331). On 
the technical scale phosphorus oxychloride (G P. 
163103, 171787), phosgene (G.P. 29GG9), sul 
phuryl chloride and chlorosulphonic ncid (G.P. 
63593, 161 882), and a mixture of sulphur 
dioxide and cblonne (G P. 210805) have found 
application. Tbe use of silicon tetrachloride 
has also been proposed (Montonna, J. Amer 
Cbero. Soc 1927, 49, 2114). Clark and Bell 
(Trans. Roy Soc. Canada, 1933, [luj, 27, 111, 
97) made a general surrey of methods of pre- 
parmg acyl chlorides and concluded that tbiony) 
cblonde was the most satisfactory reagent for 
tbe process. 

Acyl bromides are obtained analogously uiuig 
bromides of phosphorus '(Claisen, Ber, ISSl, 
14, 2474) or, more simply, red phosphorus and 
bromine (Gal, Annalen, 1864, 129, 53). Acyl 
iodides cannot be obtained directly from car 
boxybe acids but are prepared by the action of 
phosphorus iodide on the anhydrides or salts 
or from the acyl chlorides with calcium iodide 
(Gutbne, Annalen, 1857, 103, 335 ; Spindler, 
iftid. 1885,231, 272). Acyl lluondes are obtained 
from the chlorides with zinc or silver fluoride 
(BoroJ.w, Aanalon, 1863, iS8, ; Cuenei 
Bull. Soc. chim. 1801, [in], 5. 886) or by the 
interaction of fluorosuJphomc acid or a salt with 
the free acid or one of its salts : 

RCO,X-|-XFSO, RCOF-i-XjSOr 
(Traube and Krahmer, Ber. 1919, 52, [B], 1296)' 
Recently the use of potassium fluonde and 
benzoyl chloride has been recommended 
(Nesmejanov and Kahn, Ber. 1934, 67, [B], 370). 

(ill) Prtparalion of Acid Anhydrides.— 
most convenient method for the preparation of 
acid anhydrides consists in refluxing the acid 
with acetyl chloride or acetic anhy dnde, follow ed 
by distillation (Anschutz, Annalen, 1881,228, 1; 
Autenneth, Ber. 1901,34, 180; Fournier, Bui). 
Soc. chim. 1909, [iv], 6, 922 ; Carke and Raliri, 
Organic Syntheses, 1923, 3, 21) ; when acetic 
anhydride is employed the use of catalysts suen 
aa pyndine, sulphuric acid, or hydrogen chlor^ 
enables the reaction to be cam«l out below lOlT 
(G.P. 442221). In the case of stereo isomeno 
^Carbozybe acids it is usually, although not 
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always, the cis-acid which yields an anhydride 
readily by the above methods, the (rans-acid 
being converted into the cis-anhydride on 
heating in sealed tubes with acetyl chloride or 
acetic anhydride to high temperatures; phos- 
phorus oxychloride has been used to prepare 
anhydrides of dibasic acids (c/. Shriner and 
Struck, Organic S3mthesi8, 1932, 12, 66). 

A general method and, incidentally, the 
classical method, is the slow distillation of the 
acyl chloride with the sodium salt : 

RCOCl-fRCOONa 

-> RCO-O COR-bNaCI 

(Gerhardt, Annalen, 1853, 87, 65, 149). In 
technical practice the method is simplified by 
treating the sodium salt with sufficient phos- 
phorus oxychloride, phosphorus trichloride, 
thionyl chloride, or sulphuryl chloride to convert 
one half of the salt to the acid chloride ; the 
mixture is then distilled (Denham and Wood- 
house, J.C.S. 1913, 103 , 1861 : G.P. 163103, 
171787, 29669, 63593, 161882, 210805). Acid 
anhydrides may also, in certain cases, be ob- 
tained by treatment of acyl halides with tertiary 
bases such as pyridine or quinoline (Wedekind, 
Ber. 1901, 34 , 2070 ; G.P. 117267). 

(iv) Preparation of Amides, Imides, Etc . — 
A general method for the preparation of amides 
is the reaction of the acyl chloride ■with 
ammonia : 

RCOCI-bNHa-^ RCO NHj+HCI 

(Liebig and Wohler, Annalen, 1832, 8, 268). 
For the preparation of small amounts of amide 
it is unnecessary to isolate the acyl chloride ; the 
acid is simply treated with thionyl chloride and 
the reaction product added to concentrated 
aqueous ammonia with cooling (Aschan, Ber. 
1898, 31 , 2344). In the preparation of sub- 
stituted amides (anilides, etc.) it is better to 
employ benzene or ether as a diluent (c/. 
Franzen, Ber. 1909, 42 , 2465). A similar 
reaction takes place with anhydrides (Autenrieth 
Ber. 1901, 34 , 186), but this is, in general, only 
valuable in the case of dibasic acids, which 
yield mono-anilides (anilic acids) : 

yCO.^ ^CONHR 

(CHj)„ O -f NHjR -> (CHj)„ 

'^Cq/ ^COjH 

(Anschutz, Ber. 1887, 20 , 3214 , 1888, 21 , 
88 ; Annalen, 1890, ^9, 137 ; Auwers, ibid. 
1895, 285 , 225) ; hero again the reaction with 
amines is generally carried out in a neutral 
solvent such as benzene. 

The oldest method for obtaining amides is 
bj’ the distillation of the ammonium salt of the 
acid : 

RCO.NH^-v RCO-NHj-pHjO 

Thus acetamide is prepared by refluxing a 
mixture of 100 g. of ammonium acetate with 
120 g. of acetic acid for 5 hours and distilling 
the product (Dumas, Ann. Chim. 1830, [ii], 44 , 
130 ; Hofmann, Ber. 1882, 15, 981 ; Fran9ois, 
J. Pharm. Chim. 1906, [vi], 23 , 230 ; Noyes and 
Goebel, J. Amcr. Chem. Soc. 1922, 44 , 2294 ; 
Coleman and Alvarado, Organic Syntheses, 


1923, 3, 3). This process is also satisfactory for 
the preparation of the imides of dibasic acids 
(c/. Clarke and Behr, Organic S3ntheses, 1936, 
16 , 75). Anilides, etc., may be prepared in a 
similar manner by refluxing a mixture of the 
acid and the amine until the water has been 
driven off (c/. Dunlap, J. Amer. Chem. Soc. 
1902, 24 , 758 ; Webb, Organic Syntheses, 1927, 
7, 6). 

Many esters yield amides by treatment in the 
cold with concentrated aqueous ammonia : 

RCOjR'-fNHj-v RCO-NHad-R'OH 

(Fischer and Dilthey, Ber. 1902, 35 , 844 ; 
Meyer, Monatsh. 1906, 27 , 31 ; Jacobs and 
Heidelberger, Organic Syntheses, 1927, 7 , 16 ; 
Corson, Scott, and Vose, ibid. 1929, 9 , 36 ; cf. 
Chattaway, J.C.S. 1936, 355) ; in the case of 
inert esters good results are sometimes 
obtained by heating the ester with concentrated 
alcoholic ammonia in a sealed tube at 100°-150° 
(Hofmann, Ber. 1882, 15 , 977). This method 
has also been applied to the preparation of 
hydrazides, using hydrazine hydrate (Curtius, 
et al. J. pr. Chem. 1895, [ii], 51 , 165, 180, 295, 
353 ; 1901, [ii], 64, 401, 419), and of hydroxamic 
acids, using hydroxylamine (Schroeter, Ber. 
1898, 31 , 2191) in place of ammonia. 

Dibasic acids may be converted into their 
imides by heating their ammonium salts or 
monoamides (Laurent, Annalen, 1842, 41 , 110 ; 
Fehling, ibid. 1844, 49 , 196) or by treatment of 
their chlorides or anhydrides with ammonia 
(Kuhara, Amer. Chem. J. 1881, 3, 29) ; a 
convenient process for small quantities consists 
in heating the anhydride with urea : 

/CO\ 

R O + CO(NH2)j 

»- R NH-pNHa-bCOj 

(Laurent, Ann. Chim. 1836, 19 , 47 ; Herzog, 
Z. angew. Chem. 1919, 32, 301) or with am- 
monium carbonate (cf. Noyes and Porter, 
Organic Syntheses, 1922, 2, 75). 

(v) Preparation of Nitriles. — ^The preparation 
of nitriles from carboxylic acids is generally 
carried out through the amide, which is readily 
dehydrated, 

RCO-NHjj-y RCN-fHjO, 

by heating with phosphorus pentoxido (Dumas, 
Annalen, 1847, 64 , 332 ; Krafft and Stauffer, 
Ber. 1882, 15 , 1729), phosphorus oxychloride or 
pentachloride (Waliach, Annalen, 1877, 184 , 21 ; 
Corson, Scott, and Vose, Organic Syntheses, 
1930, 10 , 66 ), or thionyl chloride (Michaelis and 
Sieber, Annalen, 1893, 274 , 312). Nitriles 
maj' also be obtained directly from carboxylic 
acids by distillation with potassium or lead 
thiocyanate (Letts, Ber. 1872, 5 , 669 ; Kekule, 
tbid. 1873, 6 , 110 : ICriiss, ibid. 1884, 17 , 1767) 
or by heating with phospham : 

2 RCOjH-)-NjiHP-)- aRCN-i-HaPOi 
(G.P. 101391). 
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(vi) Preparation of Esters . — ^The direct esterifi- 
cation ofa carboxylic acid vith an alcohol, 
RCOjH-fR'OH^^RCOjR'-i-HjO, 
is a reiersible reaction and equilibrium ia only 
set up slowly in the absence of a catalyst. The 
ease of este^cation is largely dependent on the 
structure of the acid and of the alcohol {tf. 
inter al. Menschutkin, Annalen, 1879, 195, 3^ ; 
Ber. 1909, 42, 4020 ; Willstattcr e( aL, Aimalen, 
1907, 354, 249 ; 1910, 378, 98 ; Michael etal, 
Ber. 1909,42,3157 ; 1910,43,464 j Sudborough 
cl al.. J.CB. 1908, 93, 210 ; 1912, 101, 237, 317, 
2227) ; in general primary alcohols react more 
readdy than secondary, and tertiary alcohols 
and phenols scarcely at all, while a substituents 
in carboxylic acids retard esterification ; fiy- 
unsaturated acids are more readily cstenfi^ 
than their oj9-isomerides, a fact that has been 
employed m their separation (Eccott and Lin- 
stead, JCS 1929,2153). 

The catalysts most commonly employed are 
sulphuric acid, when the mixture u usually 
heated on the water-bath (e/. Meyer, Monatsh. 
1904, 23, 840), and, generally better, a small 
amount of hydrogen chloride, when the reaction 
IS usually carried out in the cold (Fischer and 
Speier, Ber. 1895, 28, 3252 j Adams and Chiles, 
Orgame Syntheses. 1925, 5, 53). When sul- 
phuric acid is used as catalyst it is frequentlr 
adrantageoua to carry out the reaction with 
benzene as a diluent (Taylor, J.C.S. 1905, 87, 
1752). Other catalysts, such as metallic sul- 
phates (Bogojawlenski and Narbutt, Ber. 1905, 
88, 3344 ; Clemmensen and Heitman, Amer. 
Chem. J. 1909, 42, 319), phosphoric aad (RaiLow 
and TiachJeow, Ciiem. Ztg. 1905, 29, 1268), 
phosphorus oxychloride (Nencki, j. pr. ^em 
1882, [u}, 25, 282), and Twitchell's reagent (Zaga- 
nians and Varvoglis, Ber. 1930, 69, (BJ, 2277) 
haTs been proposed. For special cases a process 
has been used extensirely which consists 
essentially of distillation in Mcohol vapour with 
return of the distillate after de.hydration (Frank- 
land and Aston, J.C S. 1901, 79, 517 ; Houssa 
Kenyon and Phillips, J.C.S. 1929. 1707; 
Kenyon, Organic Syntheses, 1925, 5, CO ; 
tbrsuir, ^lihtns sad Scott, Jills’. IffSS, td, 4^. 
SimibiT processes in which calcium carbide u 
used as the dehydrating agent (Thielepape, 
Ber. 1933. 66, [B], 1454) and in which the 
water is removed as a ternary mixture with the 
alcohol and some third component (Clarke and 
Davis, Organic Syntheses, 1922, 2, 23; Kendall 
and lilcKenzie, ibid. 1923, 3, 51 ; ilcDennott, 
ibid. 1930, 10, 88) have also been used Special 
methods such as these bare found application m 
the preparation of balf.ester8 of dibasic adds 
(Contzen Oowet, Bull. Soc. cMm. Belg. 1926, 
85,165; FoumeauandSabetay, Bull. Soc. chim. 
1028, [iv], 43, 859). 

A procedure which finds wide application, 
especially for the preparation of very pure 
esters, is the reaction between the silver salt 
of the add and an alkyl hahde, 

RCOjAg+R'X-t. RCO,R'.fAgX, 
which is best carried out by refluxing the com- 
ponents in ctherei 1 solution (Hofmann and 
Cabours, Annalen, 1857, 102, 294 ; Hesse, tbid. 


1859, 110, 340 : Meyer and Jugilewitsch, Ber. 
1897,30,780) ; the sodium salt of the acid may 
be employed in the same way (c/. Reid, J. Amer. 
Chem, Soc. 1917, 39, 107, 124). A somewhat 
analogous reaction is the preparation of methjl 
esten by treatment of an aqueous solution of 
the sodium salt with dimethyl sulphate (Werner 
and Seybold, Ber. 1904, 37, 3658 ; von Liebig, 
ibid. 4(136 ; Meyer, ibid. 4144 ; Gribe, Annalen 
1905, 340, 244). 

In difficult cases, the action of diazomethane 
(for preparation, see Arndt, Organic Syntheses, 
1935, 15, 3) on the acid may be employed for the 
preparation of the methyl ester : 

RCOjH+CHjN,-* RCOj'CHj-f-N,; 
this is generally carried out by treating the acid 
with an ethereal solution of diazomethane until 
the yellow colour of the latter is no longer dis- 
charged onstanding (H.von Pechmann, Ber. 1895, 
28, 1698,31,501). The action of alcohols 

on acyl chlorides, 

RCOCI-bR'OH -> RCOjR'-fHCI, 

IS also sometimes of value in such cases (Baeyer, 
Annalen, 1888,245, 140). In the aromatic series 
acyl chlorides are condensed with phenols by 
ebalung in the cold with a slight excess of 
caustic alkali (Sebotten, Ber. 1884, 17, 2545; 
Baumann, Ber. 1866, 19, 3219) or, in the case 
of alkoh-sensitive phenols, by beating on the 
water-bath with pyndine (Einbom, Annalen, 
1898, 301, 95) ; it is occasionally advantageous 
to carry out the reaction m a neutral solvent, 
auch as benzene, ui the presence of powdered 
caustic alkaL (Claisen, Ber. 1894, 27, 3182). 

Acid anhydrides also react with alcohols 
yielding esters (ef. Verley and Bolsmg, Ber. 
1901, 34, 3354 ; Kauhnami, Ber. 1909, 42, 
3480) : the reaction is most valuable in the 
case of dibasic acids, since their anhydrides react 
readily with sodium alkozides to yield half- 
esters : 




:0 + NaOR'- 


COjR' 

COjNa 


(Bruhl, Ber. 1893, 26. 284, 1097 ; Blaise and 
Kmbler, Bull. Boo. chim. 1910, [iv], 7, 218 ; 
Auwers, Annalen, 1896, 292, 178 ; Wegseheider 
and Hechf, Monatsh. 1903, 24, 413 ; Anschdtz, 
Annalen, 1907, 354, 130). 

Tertiary alcohoLi are only esterified with 
difficulty, if at all, by the above methods ; 
their esters may be obtained by treatment of the 
alcohol with the Grignard reagent followed by 
addition of an acid chloride or anhydnde to the 
resulting complex ; 

(1) ROH-l-R'MgX-e. ROMgX+R'H 
(2a) ROMgX-fR"COCl 

-4. RO COR"-i-MgXCI 

or (26) R0MgX-KR"C0),0 ^ ^ 

RO-COR"-l-R"CO,MgX 

(Uouben, Ber. 1906, 39, 1738 ; Henry, Bull. 
Acad. roy. Belg. 1907, 285 ; G.P. 1628G3). 
Tertiary esters may also be obtained by addition 
of fatty icids to olefins under the influence of 
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zinc cliloride {Kondakow, J. pr. Chem. 1893, 
(ii), 48, 477). 

(vii) Preparation of Per-acids and Peroxides . — 
Acyl peroxides are obtained by treatment of 
acyl chlorides with sodium peroxide or alkaline 
hydrogen peroxide : 

2RC0CI+Na202 

RCO O O COR+2NaCI 

(H. von Pechmann and Vanino, Ber. 1894, 27, 
1510 ; Vanino and Thiele, Ber. 1896, 29, 1726 ; 
Gambarjan, Ber. 1909, 42, 4008). Benzoyl 
peroxide is comparatively inert, but treatment 
with alcoholic sodium ethoxide yields the 
reactive perbenzoic acid, PhCO-O-OH, 
(Baej'or and Villiger, Ber. 1900, 33, 1576 ; 
Tiffeneau, Organic Syntheses, 1928, 8, 30 ; 
Braun, ibid. 1933, 13, 86), which is used very 
widely for oxidising ethylenic compounds. 

Acetyl peroxide is obtained by the action of 
sodium peroxide on acetic anhydride in etherial 
solution (Nef, Annalen, 1897, 298, 288) or by the 
action of hydrogen peroxide on acetyl chloride 
(D'Ans and Priederich, Z. anorg. Chem. 1911, 
73, 357). It is more reactive than benzoyl 
peroxide and is hydrolysed by water to peracetic 
acid (D’Ans and Frey, Ber. 11912, 45, 1848) 
which is also used for the oxidation of unsatu- 
ratcd compounds. 

(viii) Decarboxylation of Carboxylic Acids . — 
In general monocarboxylic acids do not readily 
lose carbon dioxide on heating, but the intro- 
duction of negative substituents on the a-carbon 
atom greatly increases the tendency to undergo 
decarboxylation. Thus malonio acid and its 
substitution products rcadUy lose carbon dioxide 
on heating, a reaction which is the basis of the 
malonio ester synthesis (see above). Certain 
other acids behave similarly ; thus nitroacetic 
acid is slowly decarboxylated at room tempera- 
ture, yielding nitromethano (Steinkopf, Ber. 
1909, 42, 3925) and phenylacetic acid gives a 
good yield of toluene on prolonged heating at 
350'’-375° (Engler and Low, Ber. 1893, 16, 1436); 
the thermal decarboxylation of cinnamic acid. 

PhCHiCH COsH PhCH:CH2-bC02, 

is used for the preparation of styrene, the 
process consisting merely of slow distillation 
in the presence of a little hydroquinone to pre- 
vent polymerisation of the hydrocarbon (Abbott 
and Johnson, Organic Simtheses, 1928, 8, 85). 
The reaction frequently proceeds readily in 
aqueous solution and is the basis of Kolbe’s 
method of preparing nitromethano, in which 
sodium chloroacetate is treated with sodium 
nitrite and the resulting nitroacetic acid de- 
carboxylated directly by. heating the solution 
(Kolbe, J. pr. Chem. 1872, [ii], 5, 427 ; Whit- 
more and V^hitinore, Organic Syntheses, 1923, 
3, 83) ; the method may bo applied to higher 
horaologues using the appropriate o-chloroacids 
(Auger, Bull. Soc. chim. 1900, [iii], 23, 333). 
An analogous reaction is the preparation of 
ta-bromostyreno by simultaneous elimination of 
hydrogen bromide and carbon dioxide from 
dibromo cinnamic acid by heating with water 
or aqueous alkali : 

PhCHBrCHBrCO„H 

-)-PiiCH:CHBr+HBr-bCO, 


(Fittig and Binder, Annalen, 1879, 195, 141 ; 
Nef, ibid. 1899, 308, 267). 2:4:6-Trinitro- 
benzoie acid is readily decarboxylated by heating 
in aqueous solution, the reaction affording a 
convenient method of preparation of sym- 
trinitrobenzene (Clarke and Hartman, Organic 
Syntheses, 1922, 2, 93). Decarboxylation may 
in some cases be brought about by heating with 
bases such as pyridine or aniline (Staudinger, 
Ber. 1906, 39, 3067). 

(ix) Preparation of Aldehydes and Ketones 
from Carboxylic Acids. — It was early discovered 
that dry distillation of the calcium or barium 
salts of fatty acids led to the production of 
ketones : 

RCOjv Rv 

^Ca -> ^CO + CaCO, 

/ / ^ 
RCO/ R' 

(Liebig, Annalen, 1832, 1, 225). Jlixed ketones 
may. be prepared by using a mi.xture of salts, 
and distillation of the barium salt of a fatty 
acid with harium formate yields aldehj’des : 


(R-C02),Ba+ (H-COjl-Ba 

-5- 2R CH 0 -f 2 BaC 03 


Although the yields are generally poor the 
method has found application in special, eases 
(Morgan and Holmes, J.S.C.I. 1925, 44, 108T, 
491T ; Tiemann, Ber. 1898, 31, 826 ; Davies, 
HeUbron, Jones, and Lowe, J.C.S. 1935, 584). 

In the case of dibasic acids, cyclic ketones 
are obtained, e.g., adipin ketone from barium 
adipate : — 


CH-CH.CO,. CHj-CH,. 

I ‘‘NsaH 

CHjCHyCO/ CHa’CH/ 


CO-fBaCO 


3 


(Hentzschel and Wislicenus, Annalen, 1893, 
275, 312 ; Wislicenus, ibid. 341, 351, 356). In 
general, only a small “ catalytic ” amount of 
baryta is added to the dibasic acid, dry distil- 
lation then giving a good yield of ketone (Thorpe 
and Kon, Organic Syntheses, 1925, 5, 37 ; 
Linstead and Meade, J.C.S. 1934, 942) ; stereo- 
isomeric dibasic acids generally require heating 
to different temperatures to bring about 
ketonisation, stereoisomeric ketones often being 
formed (c/. Zelinsky, Ber. 1896, 29, 1541 ; 
Zelinsky and Rudsky, Ber. 1897, 30, 404 ; 
Faltis and Wagner, Annalen, 1923, 433, 103 ; 
Barrett and Linstead, J.C.S. 1935, 441). 

Variants of the method consist in heating the 
acid with iron filings or heavy metal salts (G.P. 
256622), and slow distillation of the acid with 
carbon dioxide (Aschan, Ber. 1912, 45, 1605). 
General studies of the efficacy of various metallic 
compounds as catalj’sts have been carried o\it 
(Ruzieka el al., Helv'. Chim. Acta, 1926, 9, 
249, 399, 499 ; 1928, 11, 496, 670, 086 ; 1930, 
13, 1152 ; Vogel, J.C.S. 1928, 2032) ; in general 
distillation of the thorium, cerium or yttrium 
salts gives very good results. 

A further method consists in distilling the 
acid with acetic anhydride (Blanc, Compt. rend. 
1907, 144, 1356 ; Bull. Soc. chim. 1908, [iv], 
3, 778, 780). It is generally assumed tliat acids 
of the succinic and gliifaric series give an- 
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bjrdride? and acids of the adipic and fumehe 
senes, Icetones, by this method^ — the so*called 
“ Blanc rule ” ; this, hofrerer, does not always 
hold and should be employed with caution. 
Rearrangement also sometimes accompanies 
kctonisation (Ruzicka and Brugger, Helv. 
Chim. Acta, 1926, 9, 399 ; Day, Kon and 
Stephenson, J.C.S. 1020, 117. 642; Nef, 
Annalen, 1900, 310, 333). 

A good method for abphatic Icetonea is the 
passage of a fatty acid or a mixture of fatty 
acids through a tube containing thona heated 
to 400® (Sendcrens, Compt. rend. 1909, 148, 
927 , 149, 213, 995 ; Pjckard and Kenton, 
J.C.S 1911,99,66 ; 1912, 101,628; 1913, 
103, 1930 ; Herbert and Manake, Organic 
Syntheses, 1936, 16, 47). A method appbcable 
to seroi-aromatie ketones is the Friedel Crafts 
auto-condensation of aromatic acyl chlorides : 


(Kipping, J.C.S. 1894, 65, 430 ; Martin and 
Fieser, Organic Syntheses, 1935, 15, 77). 

(z) Jieduetion of Carbozylic Acids and Deriea- 
tirei. — In general, free catboxybe acids are 
reduced to aldehydes or primary alcohob only 
with difficulty. Under appropnate conditions, 
however, aromatic o hydrozy-catbozybe acids 
can be reduced to aldehydes and finally to 
alcohols by means of sodium amalgam (R.von den 
Velden, J. pr. Chem. 1877, [ii], 15, 163 ; Wed 
ti at.. Bet. 1008, 41, 4147 ; 1021, 54, 3217 ; 
1922, 55, 224. 301, 26M). Aromatic acids have 
been successfully redact to aldehydes electro* 
lytically (Tafel and Fnednchs. Bcr. 19<H. 37, 
3187 i Mettler. Ber. 1906. 38, 1745 ; 1906. 39, 
2933 : Marie, Marquis, and Circkenatock. Bull. 
Soc. chim. 1919, {ir], 25, 512). Aldehydes are 
also formed when a mixture of the acid vapour 
with formic acid vapour is passed over titanium 
dioxide at 250®~300® (Sabatier and Mailhe, 
Compt. rend. 1912, 154, 661). 

A method for the reduction of acyl cblondes 
to aiilehydes which bos found wide appbeation ' 
IS that developed by Rosenmund and bis co. 
workers (Bcr. 1918, 61, 683 ; 1021, 54, f BJ. 425, 
638, 2038, 2888; 1922, 65, [B], 2360; 1923,66, 
[Bj, 1481) ; the method is essentially a catalytic 
hydrogenation in the presence of palladiMd 
barium sulphate or kieselgubr in boding xylene 
or cumene, a “ regulator,” such as quinoline 
which has previously been heated with sulphur, 
being present to prevent the reduction going 
further. 

The imino-chlondes («< Mate) derived from 
anibdea form the basis of the following method 
of reduction : 

PhCO,H-+ PhCO NHPh-*- PhCCIiNPh 
Ph-CHO+NHiPhi- PhCHiNPh 

(Sonn and Muller, Ber. 1919, 52, 1927), which it 
based on the reduction of the immo-chloride wi^ 
stannous chloride, yielding an azomethine 
which is readily hydrolysed to an aldehyde 


aniline. Another, somewhat similar, method ii 
baaed on the following series of reactions : 

,NPh 

RCCIsNPh -V RC^ 

^MgCI 

-* RCHzNPh-*- RCHO+PhNH, 
(SUudinger, Ber. 1908. 41, 2217). 

A method of very wide application is the 
reduction of esters with sodium and alcohol 
(Bouveanlt and Blanc, Compt. rend. 1903, 136, 
1676 ; 137, 60 ; Bull. Soc, chim. 1901, [mT, 
31. 569 ; ej. YoiA and Marvel, Orgamc 
Syntheses, 1930, 10, 62) ; the yields are some, 
what variable and a number of modifications 
have been described, but, generally, an alcoholic 
solution of the ester is run on to a large ezeess 
of clean sodium in a capacious flask ; when the 
initial reaction is finish^ the product is refiazed 
in an oil-bath until all the sodium is dissolved 
— prolcmgation of this heating improves the 
yield (Rydon, J.C.S. 1936, 594} ; the proceu 
of working up depends on the properties of the 
product. Butyl and amyl alcohols have been 
used in order to increase the maximum tem- 
perature (Reid, Cockenlle, Meyer, Cox end 
Ruhoff, Organic Syntheses ; 1935. 15, 51). 
This method of reduction has also bMn applied 
to the anhydndes of dibasic acids, lactones 
being formed (Blanc, Bull. Soc. chim. 1905, [ui], 
33, 898), while the reduction of dibasic esters 
to glycols has been fully worked out 
(Bennett and Mosses, J.C.S. 1931, 1697, Manske, 
Organic Syntheses, 1934, 14, 20). Sodium m 
acid aqneous sodium acetate has also been 
emptoyM for the reduction of esters (Pnoi, 
Rec. trav. chim. 1923,42, 1050) and Bouveault 
and Blanc’s method modified by carrymg oat 
the reduction usmg sodium and butyl alcohol 
in a hydrocarbon solvent (Ford and Slarvel, 
Organic Syntheses, 1930, 10, 62 ; Levene and 
Allen. J. Biol. Chem. 1916, 27. 443 ; Bleyberg 
and Ulrich, Ber. 1931, 64, [B], 2501). 

Amides on redaction by the Bouveault* 
Blanc procedure give mixtures of amines and 
alcohols (Guerbet, J. Pharm. Chim. 1899, [vi], 
iO, 2d(^ ; Baareaalt tad Blanc, Compt. rend. 
1904, 138, 148). Catalytic hydrogenation of 
esters to alcohols using copper chromite (Adkuu 
and Folkers, J. Amer. Chem. Soc. 1931, 63, 
1095; 1032, 54, 1145) and other catalysU 
(Schrautb, Schenck, and Stickdora, Ber. 1931, 
64, 1314 ; Schmidt, ibid. 2051) has abo been 
employed. 

(xi) Bromination of Falty Acid*. — Bromins- 
tion and chlorination of saturated carbozyhc 
acids occur in the a-poaition and the reaction 
IS of great importance for synthetic operations. 
Acyl halides are brominated more readily thw 
the acids themselves and are employed 
in preference ; it is usuall/ unnecessary to 
isolate the free habde, red phosphorus aM 
bromine in the right proportions bemg allowed 
to react directly with the acid (Volhard, Annalen,, 
1887, 242, 141 ; Zelinsky, Ber. 1887, 20. 2026; 
Hell et al., Ber. 1889. 22. 1745 ; 1891. 24. 939. 
2390 ; Le Sueur, J.C.S. 1905. 87. 1895). The 
quantity of phosphorus used may be con- 
siderably less than the theoretical (Lapwdrth, 
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J.C.S. 1904, 85, 41 ; Ward, J.C.S. 1922, 121, 
1161) or a smaU amount of phosphorus tri- 
chloride may be used (Clarke and Taylor, 
Organic Syntheses, 1925, 4, 9). It is generally, 
however, cleaner to convert the acid into the 
acyl chloride ivith thionyl chloride and then to 
brominate this udthout purification. It is 
sometimes convenient to brominate malonic 
acids, without solvent or catalyst, and then to 
decarboxylate the product (c/. Marvel and Du 
Vigneaud, Organic S 3 mtheaes, 1931, 11, 20) ; 
malonic esters can also be brominated directly 
in solvents sueh as carbon tetrachloride 
(Palmer and MoWherter, Organic Syntheses, 
1927, 7, 34). 

(xii) Degradation of Fatly Acids. — An im- 
portant reaction of carboxylic acids is their 
conversion to amines by the Hofmann degrada- 
tion, whereby the amide is treated with bromine 
and alkali ; 

RCO-NH.-hBr.-l-KOH 

RCO'NHBr-t-KBr-l-HjO 

RCO-NHBr-b3KOH 

-> RNHa-l-KBr-l-KjCOa-bHjO 

(Hofmann, Ber. 1882, 15, 752 ; 1884, 17, 

1406). The reaction is of importance for 
descending a homologous series (c/. Hoogewerff 
and van Dorp, Bee. trav. chim. 1888, 6, 373 ; 
1891, 10, 4 ; Moore, hlarrack and Proud, J.C.S. 

1921, 119, 1786 ; Beckmann and Correns, Ber. 

1922, 55, 850). 

An analogous procedure is that of Curtius 
(J. pr. Chem. 1894, [ii], 50, 275 ; 1901, [ii], 
64, 297, 401, 419) wherein the hydrazido is 
converted into the azide with nitrous acid : 

RCO-NH-NHj-bHNOj-^ RCO-Nj-f 2HjjO 

The azide is then boiled with alcohol, when it 
is converted to the urethane : 

RCO-Nj-l-EtOH ->• RNH COjEt-bNa 
which is then readily hydrolysed to the amine : 
RNH COjEt+HjO -> RNHj-bCOi-l-EtOH 

Another valuable method consists in treatment 
of the acid with hydrazoic acid, the amino being 
formed directly : 

RCOaH-f-NjH -> RNHj-f Nj-bCOj, 

(B.P. 307789 : J. von Braun, Annalen, 1931,490, 
125 ; cf. Jenson and Pope, Proc. Roy. Soc. 
1936, 154, A, 54). A further method (Le Sueur, 
J.C.S. 1905, 87, 1888) is based on the following 
series of reactions : 

RCH. CO„H-> RCHBr COoH 

‘ -> RCH(OH) C6j,H R CHO 

(xiii) Chain-Lengthening in Carboxylic Acids. 
— ^The most obvious process for chain lengthen- 
ing is based on the transformations : 

RCO.H -V RCO.Et 

RCH, OH -> RCH,X 
\ * 

RCHs'CO.H -f- RCHj-CN 

(f/. Blanc, Bull. Soc. chim. 1908, [iv], 3, 291). 
This process may also bo brought about very 
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smoothly by converting the acid chloride to the 
corresponding diazo-ketone by treatment with 
diazomethane : 

RCOCl-bSCHjN, 

-V RCO'CHNj-fCHgCl-l-Na 

The diazoketone may then undergo rearrange- 
ment, under a variety of experimental con- 
ditions, with loss of nitrogen, yielding the higher 
homologue of the carboxylic acid : 

RCO CHNj-l-HjO RCHj COaH-l-Na 

(Arndt and Eistert, Ber. 1935, 68, [B], 200 ; 
1936, 69, [B], 1805). 

Reactions of Carboxylic Acid Deriva- 
tives. — (i) Amides, Imides, Etc . — Amides may 
be hydrolysed by refluxing with aqueous or 
alcoholic alkali until the evolution of ammonia 
is complete ; hot mineral acids also bring about 
the hydrolysis of amides and are to be preferred 
in the case of anilides and other substituted 
amides. In difficult cases, amides may be con- 
verted into carboxylic acids by means of nitrous 
acid (Bouveault, Bull. Soc. chim. 1892, [iii], 
9, 368) ; this, procedure is only applicable to 
unsubstituted amides, those with one substi- 
tuent on the nitrogen, such as anilides, alkyl- 
ureas, and urethanes, forming nitroso-deriva- 
tives : 

RCO-NHR'-l-HNO, 

-y RCO-NR'-NO-bHjO 

This last reaction is best brought about by the 
action of nitrous fumes in acetic acid solution 
(Fischer, Ber. 1876, 9, 463 ; H. von Pechmann, 
Ber. 1895, 28, 856 ; Hantzsch and Weohsler, 
Annalen, 1902, 325, 237 ; Jacobson and Huber, 
Ber. 1908, 41, 663), but may also be carried out 
using aqueous nitrous acid, this method being 
particularly useful with alkylureas (Werner, 
J.C.S. 1919, 115, 1096). 

Amides may be reduced, catalytically, to 
amines : 

RCO-NHa-y RCH^ NHa 

(Adkins and Wojcik, J. Amer. Chem. Soc. 1934, 
58, 247, 2419) thus afibrding a further method 
for chain-lengthening. 

Amides react with hypohalogenites to yield 
halogeno-amides of the type RCO-NXR' 
(Mauquin, Ann. Chim. 1911, [viii], 22, 305 ; 
Pyman, J.C.S. 1913, 103, 857) ; the halogen in 
these compounds is very labile and they may 
be used as mild halogenating agents, a notable 
example being the rearrangement of i7-cliloro- 
acetanilide to p-chloroacetanihde, a process 
which may be regarded as one of auto-sub- 
stitution (Chattaway and Orton, J.C.S. 1899, 
75, 1046 : 1900, 77, 789, 797, 800 ; 1901, 79, 
274). The bromoamides are the basis of the 
Hofmann method of degradation, to which 
reference has already been made ; if the decom- 
position of the bromoamides is carried out in 
the presence of unchanged amide, acyl alkyl 
ureas are produced (Hofmann, Ber. I'SSI, 14, 
2725 ; 1882, 15, 752 ; Odenwald, Annalen, 
1918, 416, 228), while treatment of the bromo- 
amidc with alcoholic alkoxides yields urethanes 
(Jeffrej-s, Ber., 1897, 30, 898 ; Gutt, Ber. 1907, 
40, 2062). 
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Anili den react ^ith phosphorus pentaehloride 
to form imino chlorides of the type R-CCUNPh 
(Wallach. Annalcn, 1877, 184, 5 ; Sona and 
Jlliller, Ber. 1919, 52, 1930). Although not 
markedly basic, amides form salts uith halogen 
acids (Werner, Ber. 1903, 38, 153 ; Dadswell 
and Kenner, J.C.S. 1927, 1104). Metalhc 
derivatires of the type RCO NHNa are known 
(Titherley, J.C.S. 1897, 71. 467 ; Strecker), 
Annalen, 1657,103, 324), the alkali deriratiTes of 
certain imides, e g. potassium phthahmide, being 
produced very readily from the imide and 
alcohohc potassium bydrOTide (Hale and Bntton, 
J. Amer. Chem. Soc. 1919, 41, 843). IVeatment 
of these derivatives with alkyl halides brings 
about Jf-alkylation (Hepp, Ber. 1877, 10. 328; 
Pictet and CriSpieuT, Ber. 1888, 21, 1107) ; 
if the silver salts are used O-alkyl derivatives 
of the enol are formed in addition (Wheeler and 
Johnson, Amer. Chem. J. 1899, 21, 185 ; 1900, 
23. 13C ; Lander, JC.S. 1903, 83, 415, 766). 
The alkylation of alkah metal denvatives of 
imides IS the basis of Oabnel's well-known 
method for introducing amino-groups : 


.CO, 


0 '“ 


(Gabriel tl al, Ber. 1887, 20, 2224, 2869 ; 1888, 
2t, 506. 2669 ; 1889, 22, 1771 : 1892, 25, 3056 , 
1893, 26, 2107 ; 1902, 35, 3805 ; Osterberg, 
Organic Sjmtheses, 1927, 7, 78). 

Svith the Grignard reagent amides yield 
ketones (Bdis, Compt. rend. 1903, 137, 575 ; 
McKenzie and Wren, J.CS. 1908, 93, 310; 
Wren, J.C.S. 1909, 95. 1583). 

(L) Acyl Ilalidts . — ^jkbphatic acyl chlorides 
arc very readily hydrolysed to the acids when 
brought into contact with water, the reaction 
sometimes proceeding with almost ciploeivo 
violence ; m the aromatic series the reaction 
is much slower and frequently refluxing with 
caustic alkali is necessary to bring about com- 
plete hydrolysis ; the analogous reaction with 
alcohols, yicldmg esters, has already b«D 
discussed. 

Acyl chlorides may be converted into the 
bromides or iodides by saturation with the 
appropriate hydrogen halide, followed by 
lillation (Staudinger and Anthes, Ber. 1913, 
46, 1417 ; Gustus and Stevens, J. Amer. Chem. 
Soc. 1933, 65, 374), Acyl fluondes may bo 
obtained by treatment of the cUorJdes with 
silver fluoride (Guenez, Bull. Soc. chim. 1886, 
[iii], 5, 837 ; Meslans, Ann. Cbim. 1894, (viij, 
1, 405) Of with zinc fluoride (5(cslans and 
Oirardet, Bull. Soc. cbim. 1890, (ui), 15, 878 ; 
Borodin, Compt, rend. 1863, 55, 555). 

Acjl cyanides. i.e. a-keto-nitnles, R CO CN, 
are obtained by heating acyl chloridi^ with 


silver cyanide (Hubner, Annalen, 1861, 120, 
334 ; Claisen el al., Ber. 1878, 11, 1565 ; 18S9, 
13, 2121) or, better, by treatment of the acjl 
chloride with hydrogen cyanide and pyridine 
in an inert solvent (Claisen, Ber. 1898, 31, 1023 j 
Manthner, Ber. 1909, 42, 188). With gilver 
nitrate, acyl nitrates are obtained (Francie, 
J.C.S. 1906, 89, 1 ; Ber. 1906, 39, 3793). 

With diazomethane in ethereal solution ac;! 
chlondes yield diazoketoncs (Arndt and Amende, 
Ber. 1928, 61, 1122 ; Bradley and Robinson, 
J.C£. 1928, 1310 ; Bradley, Robinson, and 
Schwarzenbach, J.C.S. 1930, 797), a reaction 
which is the basis of Arndt’s symthetio process 
(see abate). 

The reaction of acyl chlorides with zinc alkyl 
halides is a very important method of preparing 
ketones : 

RCOCI-l-R'ZnX-K RCOR'-l-ZnXCl 
It is carried out in a hydrocarbon solvent, 
usuaUy toluene or petroleum, using ethyl 
acetate as a catalyst (Blaise, Bull. Soc. chim. 
1911, [iv], 9, 1 ; Wohlgemuth, Compt. rend. 
1914, 159, 80). With the Grignard reagent, 
tertiary alcohols are tbo final product, but it is 
possible to atop the reaction at the ketone stage 
(Acree, Ber. 1904, 37, 628 ; Oddo, Ber. 1910, 
43, 1012). 

(lu) An^ydriiej,— Anhydrides are, in general, 
hydrolysed much more slowly than are acvl 
halides. The cychc anhydrides of dibaiio acids 
are best characterised by treatment with aniline 
m benzene solution ; the mono-anilides so 
formed are converted into anils on beating : 

/COv /CONHPh 

r( ;o-r( 

\co/ \CO,H 

>CO\ 

^NPh 

\co/ 

(Anschutz, Ber. 1887, 20, 3214 ; 1883, 21, S3 ; 
Annalen. 1890, 259, 137 ; Auwers, tbid. 1895, 
285, 227). With 1 molecular proportion of the 
Grignard reagent, anhydrides yield ketones 
(Fournier. Bull. Soe. chim. 1910, [ivj, 7, 836). 

(iv) EiUra. — Esters are usually liydrolyscd to 
acids by refluxing with caustic alkali either in 
aqueous or in alcoholic solution ; this process 
may be applied to their quantitative determina- 
tion. It IS occasionally more convenient to 
carry out hydrolysis by refluxing with dilute 
mineral acids ; certain esters, such as those of 
a-hydroxy and a-amino-acids, are hydrolysed 
by standing or boiling with water alono 
(Schreiner, Annalen, 1879, 197, 7 ; Findlay et 
at.. J.C.8. 1909, 95. 1004 ; 1005, 87, 747 ; 
Fischer, Ber. 1901, 34, 445). Regulation of the 
amount of caustic alkali used for hydroly^ 
enables polycarboxylic esters to be hjdrolyeed 
to partial esters (Freund, Ber. 1884, 17, ISO; 
Margucry, BuU. Soc. chim. 1905, [lii], 33, 543). 

An analogous reaction is alcoholysis : 

RCO,R’-t-R"OH RCO,R"-i-R'OH 
It may be brought about by beating the alcolml* 
ester mixture m sealed tubes (FriedeVand Crsfl*. 
Annalen, 1864, 130, 193 ; 1865, 133, 207 ; CrOn, 
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Bcr. 1921, 54, 294) or by using sodium alkoxides 
as catalysts (Bouis, J. pr. Chem.- 1857, [i], 72, 
308 ; C'laisen, Ber. 1887, 20, 646 ; Purdie et 
al., J.C.S. 1888, 53, 391; ; 1885, 47, 855 ; 1887, 
51, 627 ; Reimer and Downer, J. Amer. Chem. 
Soc. 1921, 43, 945 ; Bainbridge, J.C.S. 1914, 
105, 2297 ; Zemplen and Pacsu, Ber. 1929, 62, 
[BJ, 1613) ; potassium carbonate is also effective 
as a catalyst (Fischer, Ber. 1920, 53, [B], 1634). 

The condensation of esters with one another 
has already been discussed ; esters react similar- 
ly with methyl ketones, 1: 3-diketones being 
formed : 

RCO.Et-hCHa-COR' 

-> RCO CHj-COR'-bEtOH 

This reaction is generally brought about with 
metallic sodium (Claisen, Annalen, 1893, 277, 
168; Morgan e< al., J.C.S. 1923, 123, 447 ; 1924, 
125, 740, 756, 760, 1271 ; 1925, 127, 2620), 
but sodamide may also be used successfully 
(Claisen, Ber. 1905, 38, 694). Ketones of the 
t3T)e RCO-CHjR' give only poor yields 
(Morgan, Drew, and Porter, Ber. 1925, 58, 336). 

With the Grignard reagent esters yield tertiary 
alcohols : 

R'MgX 

RCOjEt y RCRVOH 

(Grignard, Compt. rend. 1900, 130, 1322) a 
reaction that has found very extensive appli- 
cation (c/. Perkin, J.C.S. 1904, 85, 654) ; if the 
resulting alcohol is readily dehj’drated this often 
occurs during the reaction and the correspond- 
ing unsaturated hydrocarbon is isolated (c/. 
Kay and Perkin, J.C.S. 1906, 89, 839). Dibasic 
esters normally jrield di-tertiary glj’cols (Valeur, 
Compt. rend. 1901, 132, 833 ; Bull. Soc. chim. 
1903, [iii], 29, 683 ; Dilthey and Last, Ber. 1904, 
37, 3640), but, by suitable modification of the 
conditions, the attack of the reagent ma}' be 
confined to only one of the ester groups, j'ield- 
ing a hydroxy-ester (Hepworth, J.C.S. 1919, 
115, 1203). When ajS.unsaturated esters are 
used the reaction may bo complicated by 
addition of the reagent to the double bond 
(Kohler and Heritage, Amer. Chem. J. 1905, 
34, 132 ; 1905, 33, 21, 153). 

(v) NHHIm . — On treatment with alcoholic 
sulphuric or hydrochloric acid in the presence 
of a little water, nitriles yield esters : 

RCN-f R'OH-f-HjO -y RCOjR'-fNHj 

(Beckurts and Otto, Ber. 1876, 9. 1590 ; 
Pfeiffer and Matton, Ber. 1911, 44, 11-15; 
Spiegel, Bcr. 1918, 51, 296 ; Adams and Thai, 
Organic Sj-ntheses, 1922, 2, 27 ; Nelson and 
Crotcher, j. Amer. Chem. Soc. 1928, 50, 2758). 

Nitriles arc readily reduced to primary amines 
bj’ sodium and alcohol : 

RCN-f2H„-> RCHj-NHj 

(Ladenburg, Ber. 1885, 18, 2956 ; 1886, 19, 
780 ; Wohl and Bcrthold, Ber. 1910, 43, 2183 ; 
Suter and Moffett, J. -Amer. Chem. Soc. 1934, 
56, 48). CataUdic hydrogenation by the 
Sabaticr-Senderens method (Compt. rend". 1905, 
140, 482) or with platinum or paUadiura in 
alcoholic solution (Paal and Gerura, Ber. 1909, i 
42, 1553) gives rise to considerable amounts of 


secondarj' amines ; primary amines are, how- 
ever, the sole product if hydrogenation is carried 
out in acetic acid solution (Bosenmund and 
Pfankuch, Ber. 1923, 56, [B], 2258). 

In dry alcoholic solution nitriles react with 
hydrogen chloride, forming imino-ether hydro- 
chlorides : 

^NH,HCI . 

RCN-}-EtOH-bHCI -y- RC 

\0Et 


(Pinner, Bcr. 1883, 16, 352, 1643 ; 1890, 23, 
2917 ; Dor, Organic Syntheses, 1928, 8, !)• 
Nitriles may be converted into aldehydes by 
the following series of reactions : 

HCI H, 

RCN — y RCCI:NH — ^ RCH:NH 
H,0 

RCHO-bNHj 

which is usuallj’ carried out by adding the nitrile 
to stannous chloride suspended in ether saturated 
with dry hydrogen chloride (Stephen, J.C.S. 
1925, 127, 1874). Under the influence of 
hydrogen chloride and zinc chloride, nitriles 
condense with phenols, forming imines which are 
readily hydrolysed to hydroxy-ketones : 

(OH),C,H,-}-RCN-hHCI 

-y (OH)2 CsH3-CR:NH,HC1 

-y (OHljCsHs-CO-R-pNH^CI 

(Hoesch el al, Ber. 1915, 48, 1122 ; 1917, 50, 
462 ; Stephen, J.C.S. 1920, 117, 1529). 

With the Grignard reagent the first product 
is the ketimine : 


RCN-bR'MgX -y RR'CrNMgX 

HjO 

RR'C:NH-(-Mg(OH)X 

which may be isolated if the complex is decom- 
posed with ammonium chloride (Moureu and 
Jlignonac, Compt. rend. 1913, 156, 1801). 
Decomposition with dilute acid yields ketones : 

RR'C:NMgX-f 2 HCl-f HjO 

-y RR'CO-f MgXj-fNH^CI 

(Blaise, Compt. rend. 1901, 132, 38 ; 133, 299) 
and it is for this purpose that the reaction is 
generally employed (Shriner and Turner, J. 
Amer. Chem. Soc. 1930, 52, 1268 ; Pratt and 
Robinson, J.C.S. 1923, 123, 748). 

Some nitriles yield amides with h5'drogen 
peroxide (Radziszewski, Bcr. 1885, 18", 355) ; 
the method is occasionally convenient for pre- 
parative purposes (Noller, Organic Syntheses, 
1933, 13, 94). 

Analysis. — (i) QuantUalive . — The equivalent 
of a carboxylic acid is most easily determined 
by titration against A7IO barium hydroxide, 
using phenolphthalcin as indicator. Occasion- 
ally it is more convenient to ignite the silver 
salt and weigh the bead of metallic silver so 
formed ; the analysis of other inorganic salts 
is aho sometimes employed for this purpose. 

(ii) Qualilative . — Carboxylic acids are best 
recognised by liberation of carbon dioxide from 
aqueous sodium or ammonium bicarbonate ; 
certain acids are also recognised by character- 
istic calcium, copper, lead, or ferric iron salts. 
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The nieth)l ester, amide, orimide are aometimea 
of Talne for charaeterisatjon ; their preparation 
has already been disenssed. 

For purposes of identification anilides and 
p-tolnidides of monobasic acids are obtained by 
refiusmg the acid with 2 vols. of thionyl chloride 
for 30 minutes and then remoTing the excess of 
thionyl chlonde under reduced pressure ; the 
residue of acid chlonde is taken up in dry ether 
and the theoretical amount of the base (aniline 
or p tolmdine) is added cautiously in ethereal 
solution. The product is washed with dilute 
hydrochloric acid, when craporation of the ether 
leaves the denvative, which is usually best ciy- 
stalLsed from water, dOutc alcohol, or benzene* 
petroleum. In the case of dibasic acids of the 
euccuuc or glutaric senes, the anhydnde is first 
prepared by refluxing the acid with an excess of 
acetyl chloride for 30 minutes ; the excess of 
acetyl chlonde is remoied in roeuo and the 
residual anhydnde is taken up in benzene and 
treated with a sLght excess of aniline is the same 
solvent. The aniLc acid usually crjstallises 
out and may be crystallised from dilute alcohol 
Alternatively the acid is refiuzed with an exceas 
of aniline for 30 minutes and the resulting 
dianilide crystallised, usually from alcohol. 

P'Bromophenacyl esters are extensively used 
for the coaractenaation of carboxylic acids 
(Judefind and Reid, J. Aroer. Chem Soc. 1920, 
43, 1044). The acid is not quite neutralised with 
aqueous sodium carbonate and one equivalent of 
a 10% alcoholic solution of p-bromophenacyl 
bromide u added. The product is refiuxed for 
30 minutes (longer for polybaslc acids) ; on 
cooling or diluting with water, tbs j>*bromo* 
phenacyl ester separates and may usually be 
recmtallised &om dilute alcohol. 

Phenacyl (Rather and Reid, J. Amer. Chem. 
Soe. 1019, 41, 73) and p phenylphenacyl (Drake 
and Bronitsky, j. Amer. Chem. Soc. 19^, 52, 
3718 : Wrede and Rothhaas, Ber. 1934. 67, 
739) esters have also found wide apphcation. 
Benzylamuie and a.phen} lethylamiue ^(s have 
abo been recommended (Buehler, Carson, and 
Edds, J. Amer. Chem. Sw. 193S, 57, 2181) as 
have the p-pbenyUmLdes, which are most 
a-uahy xhfivnftfh *1^ "irtiTcnig Via -rttu p 
xenylamme (Kimura and Nikayashi, Ber. 1935, 
68, [B], 2028). 

CarlMXjlic esters may be readdy character- 
ised by conversion into the corresponding 
amlides by treatment with aniknomagDrsiom 
bromide, which is easily obtained from aniline 
and ethyl magnesium bromide (Hardy, J.C.S. 
1036.399). K.N.B. 

CARBROMAL, CARBROMALUM r. 

AnaLiME. 

CARCINOGENIC HYDROCARBONS. 
The experimental production of cancer was first 
aebievra by Yamagiwa and Ichikawa (1915) 
by the application of coal tar to the ear of a 
rabbit, and later Tsutsui (1918) ohtsdned malig- 
nant tumours by applying coal tar to the skin 
of the back of a mouse. Workers with coal 
tar, mineral lubricating oils, and shale oil are 
soseeptible to skin cancer, and it appears that 
the cancer-producing action of coal tar and 
similar subetances is due to certain constitnenta 
of the tar products. Kennaway (J. Faib. Bact. 


1924, 27, 233) showed that tars formed hoa 
isoprene and acetylene at high temperaturs 
in an atmosphere of hydrogen give strongly 
carcinogenic fractions and also that carcinogenic 
products are obtained by the action of alununiam 
chlonde on (a) acetylene, (6) xylene, (c) naphtha, 
lene, (i) naphthalene and brombenzene, tnfi 
(e) tetrahydionaphthalene. Of these(d)and{f) 
gave the most active materials (Biochem. J. 
1930, 24, 497). Mayneord (1927) found that 
carcinogenic tars are characterised by the posses. 
sum of three bands in their fluorescent speetts 
(at 4,000, 4,180, and 4,400A), and it wu then 
noted by Hieger (Biochem. J. 1930, 24, 605) 
that l:2.beDzantbracene (I) 


2' 



I. 


gives the characteristic three-handed fluoresront 
spectrum, the apectrum being shifted, however, 
towards the ultraviolet. Kennaway showed that 
1.2 S 6-djbenzanthracene (II) when applied in 
beozeoe solution to the skin of mics gives rise to 
malignant tumours. 



The rarcmogenic properties of 1.2 5 6- 
tifuemaiffnrBwne, b % ryAu-iwi/twiu-’i.* bRnsr- 
anthracene and closely related compounds have 
been desenbed by Cook, Hieger, Kennaway and 
Mayneord (Proc. Boy. Soc. B. 1932, 111, 455), 
Coolc (ihii. 485), Burrows, Hieger and Kenna- 
way (Amer. J. Cancer, 1932, 16, 67). Burrows 
(i6«f. 1933, 17, 1); Barry and Cook (ibid. 1934, 
20, 58). A aystematic examination of the 
csrcinogenic activities of tetracyclic and 
cyclic aromatic hydrocarbons is desenbw 
in an article by Barry, Cook, Hasltwood, Hewe^ 
Hieger and Kennaway (Proc. Roy. Soc. B 
1935, 117, 318). The technique by Barry tl ol. 
(•did.) for the production of skin cancer con- 
sbted in applying the substance in solution to*, 
interscapular region of mice twice weckly- 
Usaally the compound was applied in benzene 
solution (0 3 g. in 100 ml.). Tests for the pro- 
duction of sarcoma were made by injecting the 
compound rvb eulem in a fatty roediuni. seen 
as lard. 

Out of the possible sir hydrocaibons conUin- 
ing four condensed benzene rings, la-beor- 
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anthracene (I), and chrysene (III), are practically 
without activity. 



3:4-benzphenanthrene (IV) gave 12 tumours in 
a series of 20 mice, and it is the simplest hydro- 
carbon yet shown to have carcinogenic activity. 

Out of the 16 possible hydrocarbons containing 
6 condensed benzene rings, 12 have been 
examined, and only 2 (l:2:5:6-dibenz- 

anthracene (II) and 3:4-benzpyrene (V) have 
been found to have pronounced activity. 



Carcinogenic properties in the homologues of 
l:2-benzanthracene are usually shown by 
compounds having substituents at positions 6 
or 6 (see I), position 6 being more favourable, 
but rarely by compounds with substituents in 
other positions. The following tables, I and II, 
taken from an article by Cook (Chem. 
Weekblad, 1935, 32, 663), show the carcinogenic 
activities of various homologues of l:2-benz- 
anthracene and a list of non-carcinogenic 
homologues of this substance. 


Table I. 


Compound. 

No. of 
mice. 

Tumours 

formed. 

l:2-bonzanthraeene 

86 

1 

4-Me-l:2-benzanthracene . 

10 

1 

6-Me-l:2-benzanthraceno . 

10 

7 

6-Me-l:2-benzanthracene . 

10 

3 

6:6-diMe-l:2-bonzanthracene . 

20 

16 

6:7-diMe-l:2-bcnzanthracene . 

20 

2 

6 • 1 soPropy 1- 1 :2-benzanthraceno 
6:6-ci/cZo-Pentcno-l:2-bBnz- 

17 

11 

anthracene (VI) .... 
6:7-cyi:Zo-Pentcno-l;2-benz- 

70 

26 

anthracene ...’.. 

10 

7 
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Table II. 

Non-Carcinogenic Homologues. 

3-M e-1 :2-benzanthracene. 

7-M e-1 :2-benzanthracene. 

2'-M e-l:2-benzanthracene. 

3'-M e-l:2-benzanthracene. 

2':6;di M e- 1 :2-benzanthracene. 

2':7:diM e-l:2-benzanthracene. 

3':6-diM e-l:2-benzanthracene. 

3:7-diMe-l:2-benzanthracene. 

3-j’soRropyl-l:2-benzanthracene. 

7-jsoPropyl-l :2-benzanthracene. 

10-isoPropyl-l:2-benzanthracene. 

A systematic fractionation of 12 tons of coal 
tar pitch was carried out by Hieger, who 
finally obtained a few grams of a pure hydro- 
carbon having powerful earcinogenic properties. 
This was proved by synthesis to be 3:4-benz- 
pyrene (V) by Cook, Hewett and Hieger 
J.C.S. 1933, 395). Results with animal ex- 
periments showed that 3:4-benzpyrene is the 
main carcinogenic constituent of coal tar. 
Schiirch and Winterstein (Z. physiol. Chem. 
1935, 236, 79) have not obtained tumours with a 
tetrahydrobeilzpyrene in 160 days, or with 
3'-methyl-3:4-benzpyrene in 270 days. 

The most powerful carcinogenic agent yet 
discovered is methyleholanthrene (VII) ; 



VII. 


This substance was prepared independently by 
Wieland and Dane (Z. Physiol. Chem. 1933, 
219, 240), and by Cook arid Haslewood (Chem. 
and Ind. 1933, 33, 758) by dehydrogenation of 
dehydronorcholene (VIII) obtained from de- 
o.xycholic acid (IX) — a bile acid — by simple 
chemical changes : 



VIII. 
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The conrersion of cholic acid into methyl* 
cholanthrene has been reported by Fieser and 
Newman (J. Amer. Chem. Soc. 192S, 57, 961, 
1602). Considering the fact that cholic acid 
and deoxychohe acid are important acids of 
human bde, the carcinogenic property of methyl* 
cholanthrene is of particular significance in Uie 
Ktiology of human cancer. There is no 
evidence so far, however, of the biocheimcal 
degradation of bile acids into methylchol* 
BOthrene. Cholanthrene is also highly carcino- 
genic. solutions of both it and its methyl 
derivative, when painted on the skin of mice in 
0 3% benzene solution, producing epithebomata 
The first tumours make their appearance after 
about TO-SOdays (average). The twoeubstancea 
also produce sarcomata. 

Morton, Clapp end Branch (Science, 1935, 82, 
134) claim that they have produced malignant 
tumours in mice with tuo hydrocarbons, 
t tnpbenylbenzene, and tetraphenylmelhane. 
Ttipbenylbetatne gave saKomata in 20% of 
the mice tested in 250 days when injected sub 
euttm (Amer. J. Cancer, 1036, 26, 754). The 
carcinogenic activities of these two hydro- 
carbons are not of high order. 

For fuller information on (his subject the 
reader is referred to a comprehenJtve article by 
Cook, Haslewood, Hewett, Hieger, Kennaway 
and Mayneord on Chemical Compounds as 
Carcinogenic Agents ” (Report of the 2nd 
International Congress cf Scientific and Social 
Campaign against Cancer, Tome I, 1936). 

J. H. Q. 

CARCLAZITE op CARCLAZYTE. A 
name snggested by J. H. Colima (The Ueos* 
harrow Granite District, Truro, 1878) for the 
china-cl^ rock from which chma-clay is pre- 
pared, go named from the Carclaze tome, near 
St. Austell, in Cornwall. L. J. S. 

CARDAMOMS. The principal vane^ of 
cardamoms and that recognis^ for official 
purposes consists of the seeds obt^ed from 
EUtlana Cardamornum Maton, var. tninuscuhz 
BurkhiU (Fam. Zingibcracea;), a reed like plant 
growing to a height of 4 m or more in the forests 
of Southern India, but also cultivated m Ceylon 
and on the Malabar Coast. Owing to the ease 
with which the seeds can be adulterated by the 
addition of seeds of other species of cardamoms 
or of other plants, both the British and Amencan 
Pharraseopccias direct that they shall ^ te- 
taioed in their fruits until requi^ to be us^. 
This has the advantage also of preventing the 
evaporation of the essential oil, for which tbe 
seed is employed. The plants yieW a small 
harvest of fruits in their third year, a full crop 
for the next 6or 7 years, and then begin to decay. 
The fruits are collected from August until April, 
though the largest quantity is gathered between 
October and December, the first fruits being 
both larger in size and better in qoabty. 
Generally, the fruits arc air-dned, tbe slower tbe 
drying tbe better, as rapid drying causes tbe 
pcMS to break open and reduces tbeir market 
value. The colour of tbe dried fruit should be a 
pale buff or greenish-bulf, though artificially 
dried fruits may be darker. The fruits measure 
Dom about &-20 mm. in length, the smaller 
ones being almost globular, whilst tbe longer 


ones are defiiutely ovoid or oblong three ridni 
pods. Internally, the fruits contain six rows of 
seeds, a double tow in each cell, and in good 
fruits the seeds approximate to about 70^^ of 
the total weight. The seeds are angular, 
and about 4 mm. long and 3 mm. broad. They 
vary in colour from pale to dark reddish brown, 
and are covered by a membranous anl. Cards, 
moms are strongly aromatic and possess tn 
aromatic though somewhat pungent tute. 
They are used chiefly for culinary purposes in 
curry powder, sauces and cordials, and in 
medicine as a carminative. 

Microscoptc Appearanee.—Hie seeds show the 
presence of numerous compound angular starch 
grams with 1-7 minute calcium oxalate crystals 
embedded in each mass. The outer epidermu 
cons'ata of long narrow cells with moderately 
thick, straight, or slightly curved walls, and 
more or less pointed ends. The sclerenchymatous 
cells vary from reddish-brown in npe seeds to 
yellow in unripe ones and each cell encloses a 
nodule of siLca, These sclerenchymatous cells 
are not cleared with chloral hydrate, but, in tbe 
case of ripe seeds, they become almost black 
with alkali, and m that of tbe unripe seeds, 
reddish brown. The cells of the endospenn 
have thin waUs and do not contsm calcium 
oxalate crystals. Immediately beneath is a 
layer of thui-waUed cells containing the volatile 
oil, but m powdered preparations these are 
frequently ruptured. 

ChentM GomposUion.— C. Arxagon (Ann. 
Falsif. 1915 8, 345) quotes the following 
analyses of two samples of cardamoms . 

Ce^jon 

Water . . ... 7^8 93 

Ash . . . . 11-65 46 

Fat 21 18 

Esseotialoil . ... 33 63 

Protein . 14 2 1I'7 

Fibre 18-7 13 2 

Reducing substances, starch, 

etc. 39 7 58 3 

AH figures except water ore on the dry 
matenal. 

The principal constituent of cardamoms is the 
essential oiJ, and probably the most satisfactory 
method of determining this is by the process of 
Cocking and Jliddletoa (Quart. J. Pharm. 1935, 
8, 435). The crushed seeds are mixed with a 
brine solution, distilled, and the vapours passed 
through the top of a condenser into a graduated 
tube, in which the oil is collccteil whilst the con- 
densed water is returned to the distillation flask. 
An air inlet or outlet is placed in the circuit 
below the condenser, but above tbe tube in 
which the liquids arc collected. These autbon 
find no dilTereneo in the yield of oil from the 
whole or crushed seed, though comtncrcu 
powdered cardamom contains rather Jess oil 
than the whole fruits. The fruits contain from 
3-4 to 8 0% of oil. For further details of the 
oil, see CiBDAJiOMS, Essential Oil or. . „ 

Standards.— The •* British Pharmacoio-ia 
requires that the seeds shall contain not more 
than 3% of foreign organic matter and IMt 
their ash shall be not more than C%- The 
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“United States Pharmacopoeia” requires that 
not more than 5% of the ash shall be acid- 
insoluble. 

Adulleralion. — Cardamom husks are offered 
periodically in the drug market, and although 
these are not bought openly, they appear to 
find their way into commerce as an adulterant, 
and should be recognised by the pitted fibres and 
the spiral cells of the fibro-vascular bundles. 
They also show empty parenchymatous cells. 
Ceylon fruits derived from E. Cardamomutn, var. 
major Thwaites, are regularly sold in the market 
and may bo readily distinguished by the fact 
that they are long and not ovoid, by their 
shrivelled appearance and their dark greyish- 
bro^vn colour. T. MoL. 

CARDAMOMS, ESSENTIAL OIL OF. 
The oil distilled from the whole fruits of Eletlaria 
Cardamomum Maton, cultivated in Ceylon, 
Mysore, Travancore, and Cochin on the tea and 
rubber estates. The cardomom oil of com- 
merce was formerly distilled from the wild 
cardamoms of Ceylon. 

Composition. — ^The oil contains cineole, ter- 
pinenol, terpinene limonene, sabinene, and 
torpineol in the form of formic and acetic esters. 

Characters. — It is a colourless or pale yellow oil, 
sp.gr. 0'923-0-945 at 15-5°, a™ +20° to -|-44°, 
1-461-1-467. Ester value 90-156. Soluble 
in 4 vols. 70% alcohol. It is used as a 
flavouring agent and has carminative properties. 

CARDIAC GLYCOSIDES. The 
grouping together of the cardiotonic drugs is 
justified not only by their common characteristic 
action on the heart, but also by the close 
chemical relationship e.xisting between all 
members of the group so far investigated. With 
the exception of the alkaloid erythrophleine 
and the toad poisons (a. infra), all these drugs 
are non-nitrogenous glycosides of plant origin 
yielding on hydrolysis various sugars and a 
number of structurally similar aglycones or 
“ gonins.” Although apparently limited in 
number, plants yielding such glycosides are of 
wide geographical distribution; the majority 
belong to the natural order Apocynaceae, but 
representatives of other families (c.g. Scro- 
phulariaceaa, Ranunculacooe, Liliaceae) also 
contain cardiac glycosides. Extracts of some 
of these plants [e.g. Digitalis) have long been 
used in medicinb as heart stimulants, while 
others {e.g. Strophanthus) furnish the arrow 
poisons of primitive races. The parts of the 
plant used for extraction of the glycosides 
vary in the different species, e.g. leaves and 
seeds {Digitalis), seeds {Strophanthus), bulbs 
(squUl), flowers (lily of the valley), bark 
(ouabaio). 

Only in a few cases {e.g. Digitalis purpurea, 
D. lanata, squill) have the original glycosides 
present in the various plants been isolated. 
These are water-soluble, often amorphous 
substances ■with a high glucose content, and are 
accompanied in the plant by specific enzymes 
capable of hydrolysing them to simpler glyco- 
sides. Unless the utmost precautions are taken 
to prevent enzyme action, hydrolysis occurs in 
varying degree during extraction. Hence crude 


extracts generally contain a coinple.x mixture 
of amorphous and crystalline glycosides the 
composition of which varies with the conditions 
of extraction. For this reason much of the 
earlier literature on the cardiae glycosides is in a 
confused state. It is, however, possible, by 
controlled enzymatic action, to isolate a number 
of crystalline derived glycosides, and it is on 
these that most of the chemical work has been 
done. During this partial hydrolysis a con- 
siderable part of the physiological activity is 
lost. This may bo due partly to decrease in 
solubility and partly to isomerisation of the 
aglycone by enzymatic action, e.g. isomerisation 
of cymarin to the inactive allo-cymorin in 
Strophanihus Komhe extracts (Jacobs, J. Biol. 
Chem. 1930, 88, 519). The crystalline glycosides 
obtained from any one plant may be derived 
from one agljmone (e.g. Strophanthus Komhe) 
or from several (e.g. Digitalis). 

Sugars of ike Cardiac Glycosides. — Only a 
few simple sugars are represented in the carbo- 
hydrate part of the glycosides, the diversity of 
the latter being due to differences in the 
aglycones and to variation in the number and 
mode of attachment of the sugar residues. In 
addition to glucose and rhamnose, four sugars 
peculiar to the group have been found. 

Digitoxose, CjH jjO^, has structure I (Micheel, 
Ber. 1930, 63, [B], 347) and cymarose (II) is its 
methyl ether (Elderfield, J. Biol. Chem. 1935, 
111, 527). Sarmentose, is isomeric 

with cymarose (Jacobs and Bigelow, J. Biol. 
Chem. 1932, 98, 355), but the configuration and 
position of the methoxyl group have not been 
determined. Digitalose, C-H 14 O 5 , may bo a 
methyl ether of rhamnose (Schmidt and Zeiser, 
Ber. 1934, 67, [B], 2127). By mfld hydrolysis of 
I certain cardiac glycosides some hitherto un- 
known disaccharides have been obtained, e.g. 
strophanthobiose (from Strophanthus) and scilla- 
biose (from squill). 


CHO 

CHO 

1 

CH3 

j 

CHj, 

I 

H Q OH 

Lj p now 

H (!^ OH 

u p pjtJ 

u c OH 

n— n 

tJ p OH 

1 

CH3 

ri”— n 

in. 

I. 

n. 


SrancTrrRE of Aoli-cones. — ^Detailed investi- 
gations by various workers, particularly Jacobs 
and Tschescho and their collaborators, have 
thrown much light on the structure of the 
cardiac aglycones, and for a number of them 
structural formulse have been advanced which 
are probably correct in all essential features. 
All the aglycones investigated are unsaturated 
hydroxy-lactones containing 23 carbon atoms 
(with the exception of scillaridin A, which has 24) 
and are structurally^ similar. The folio-wing list 
includes those for which fairly well established 
structural formula are available : 
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Stropbanthidm, 

Uzarigcnin, 

Digitoxigeniu, 

Gitoxigenin, C{jH340,. 

Digosgenin, C33Hj40g. 

Penplogenin, C23H)403. 

ScOlandm A, C3(H3303. 

The structural similarity of the aboTe Cj, 
aglycones waa shown by the conTCrsion of 
sereral pairs into identical compounds by 
suitable reactions. In this way identify of 
the carbon skeleton was shown for : 

(a) Penplogenin and strophanthidin (Jacobs. 
Elderdeld, GraTc and Wignall, J. Biol Chem 
1931,91, 617). 

(i) Feriplogenm and digitoxigcnin (Jacobsand 
Elderfield, J. Biol Chem. 1931, 92. 313). 

(c) Penplogenin and uzarigcnin (Tschesche, Z. 
physiol. Chem. 1933. 222, 60). 

(d) Dieitoxieenia and gitoxigenm (Jacobs and 
Gustus, J. Biol. Chem 1930,86. 199) 

(e) Digitoxigenin and digoxigenin (Tschesche 
and BoUe, Ber. 1936, 69, 793). 

In a senes of inxestigations by Jacobs and hia 
coUahorators first on strophanthidin and later on 
other aglyconea (m J Biol. Chera. 1927-1931) it 
was shouTi that all these compounds are lactones 
ofy.aldehydo acids,! e they are A^^-yl^ctones. , 
In each case the lactone group forma a separate 
side chain attached to the rest of the molecule by 
its ^-carbon atom, and on the presence in it of a 
double bond depend the colour reactions with 
■odium Qitroprusside and with Toltens’ reagent 
(Jacobs and Hoffmann, J. Biol. Chem. 1925, 
67, 333), common to the aglycones and the 
parent glycosides. Under the mfluence of alkali 
the aglycones undergo a remarkable rearrange- 
ment giving the Moaglyconea (Windaus and 
Hermanns, Ber. 1915, 48, 093). This reaction, 
in which the lactone group ond an adjacent 
tertiary hydroxyl are involved is formulated by 
Jacobs as follows . 

CH,— C— CH,— CH "CH 

I !! 1/ I L L 

CO CH HO*C( CO CH C( 

Tbe isoaglyconea, though still lactones, no 
longer possess the double bond of the original 
compound, into which they are reconverted by 
acid. 

By selenium dehydrogenation of nzarigenin 
(Tschesche and Knick, Z. physiol (%em. 1933, 
222. 68) and of stropbantlu^n (Elderfield and 
Jacobs, J. Biol. Chem. 1034, 107, 143). a 
hydrocarbon, CuHn, is obtained, identical 
with methyl ryclopentenophenanthrenc, ob- 
tained by a similar process from sterols. Tbe 
fundamental similarity between the carbon ' 
skeleton of the cardiac aglycones and that of the 
sterols and bile acids suggested by this result 
has been finally established by the progressive 
degradation of certain aglycones to We acid 
denvatives. Thus digitoxigenin can be degraded 
to etiocbolanic acid, C33H33O. (Jacote and 
Elderfield, Science. 1034, 80, 434), and uzan- 
genin to jetioniiocbolanic acid, C„H„0, 


(Tschesche, Angew. Chem. 1934, 47, 723. 
Z. physiol Chem. 1934, 229, 219; Ber. 1935,63’ 
(BJ, 7), both acids of known structure (i*. Bar 
Acids). As a result of this work the cailcn 
skeleton of the cardiac aglyconea and the point 
of attachment of the lactone side chain ate 
established beyond doubt. 

Taking into consideration the results of other 
degradatire expenments on the aglycones, mo- 
aglycones, and the numerous anhydro. denrs. 
tives produced by their partial dehydration 
It IS possible to aUot structural formula to the 
aglycones. This has been done for a number of 
them, and there is little doubt but that the 
formula are substantially correct, althongh 
the disposition of the hydroxyl groups may be la 
some cases uncertain. The results of X ray 
crystallographic examination of cardiac sgly. 
cones support the formula advanced (Bemil 
and l^owfoot, J.S C.I. 1934, 53. 953). 

For strophanthidin the following formula has 
been proposed (Tschesche and Knick, Z. 
physiol. Chem. 1934, 229, 219; Jacobs and 
Elderfield. J. Biol. Chem. 1935, 108. 497 ; Kon, 
J.S.C.I. 1934, 53, 693, 956); 

HC 0 



Strophanthidin contains one aldehyde group 
and three hydroxyls, of which two are tertiary. 
Tbe hydroxyl at Cn is common to all the 
aglycones and is concerned in the formation 
of the oxide ring in tbe tsoaglycones. Tbe 
poaitions of the other hydroxyb vary in different 
aglycones and the aldehyde group at C,t m 
atrophantbidm is frequently replaced by a 
methyl group. The structure of other members 
is as follows : 

Penplogenin has a methyl at Cig in place 
of the aldehyde group in strophanthidin, the 
disposition of hydroxyls being the same 
(Tschesche and Kmck, l.e , ; Jacobs and Elder- 
field, lx.), 

Digitoxigenin has a methyl at C]» *0° 
hydroxyls at C, and C., (Tschesche and 
I^ck, f c. ; Jacobs and Elderfield, I c.). 

Gitoxigeoin differs from digitoxigenin in having 
an additional hydroxyl at C,* (Tschesche and 
Knick. f e.; Jacobs andEIderfiela,/ c.I.anddigcv' 
gemnis similar but has theadditional hydroxyl at 

C..(Tache8cheandBohIe.Bcr. 1930,69. [B], 793). 

Uzangenin is a stereoisomer of digitoxigenm 
(Tschesche and Bohle, Ber. 1035, 68, |B]. 2252). 

Little work has been done on the 
chemistry of the various aglyconea, but it wowd 
seem that nzarigenin belongs stereocbemlcajiy 
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to the sterol series and the others investigated 
to the bile acid series [efi Tschesche and Bohle 
Ber. 1935, 68, [B], 2252). 

The structure of scillaridin A has been largely 
elucidated by Stoll and his collaborators (papers 
in Hclv. Chim. Acta. 1933-1935). This aglycone, 
although an unsaturated lactone, does not give 
a coloration 'uith sodium nitroprusside. It 
contains only one free h3'droxyl which is tertiary 
and can interact with the lactone group, giving 
an jsoaglycone. Reduction of scillaridin A 
or its anhydro-derivative causes opening of the 
lactone ring giving in the case of the latter 
a-BciUanic acid, C24H40O2, identical with alio- 
cholanic acid {«. Bilb Acids, also Stoll, Hof- 
mann and Helfenstein, Helv. Chim. Acta, 1935, 
18, 644). Scillaridin A has thus the same carbon 
skeleton as the other aglycones, and the pro- 
duction from it of allocholanic acid shows that it 
belongs to the sterol aeries. Moreover, the extra 
carbon atom of scillaridin A must be accommo- 
dated in the lactone grouping. Stoll and his 
collaborators embody their results in the 
following formula for scillaridin A, in which only 
the position of the double bonds is to be regarded 
ns uncertain. 


CH, 


O 

HC CO 

i <Ih 

CH. / 


CH, 


CH 


HjC 




CH CH 




CHj 

-cIh, 


HjC 


C C OH 


HX 


i in 


CHj CH 


The positions of the points of attachment of the 
sugar residues in the various glycosides have not 
yet been determined although tentative sugges- 
tions have been made for certain members of the 
group (Jacobs, Stoll, and Fieser). 

Physioloqicad Action and JIethods of 
Assay. — ^Tho cardiac glycosides are principally 
used in medicine for their action on the heart; 
tliey slow tho beats and make them more power- 
ful and regular so that tho output is increased. 
Their first appearance in scientific medicine 
was about 1775, when Withering introduced 
tho foxglove (D. purpurea), a plant which had 
for long been used ns a popular remedy for 
dropsy. Chemical methods for the assay of 
plant extracts containing cardiac glycosides are 
unsatisfactory, and biological methods are 
usually employed. Of these tho commonest is 
tho “ timeless ” method of Straub (Arch, exp. 
Path, Pharm. 1916, 80, 52) based on the original 
procedure of Houghton (J. Amer. Med. Assoc, 
1898) in which the minimum amount is deter- 
mined which will arrest the frog’s heart in systole 
(frog dose=F,D,), For a detailed account of 
tho pliarmacology of these compounds, see 
Weese, “ Digitalis ” (Leipzig, 1936), Tinctures 


of digitalis and strophanthus are standardised 
biologically in the British and United States 
“Pharmacopoeias.” In both cases the standards 
used are based on the standard preparations 
of digitalis leaves and ouabain adopted under 
international agreement (League of Nations). 

Although the aglycone is undoubtedly the 
specific carrier of the activity, this activity is 
enormously increased, and in some respects 
modified by combination with sugars in the 
glycosides. The glycosides become irreversibly 
attached to the heart muscle, wliile the aglycones 
are distributed between the surroimding fluid 
and the muscle cells, so that a heart brought by 
them to systolic standstill may be restored by 
washing out. Accordingly, for therapeutic 
purposes the aglycones are practically worthless. 

A few observations have been made on the 
efifect of chemical change on the activity of.the 
aglycones. Thus hydrogenation or hydrolytic 
opening of the unsaturated lactone ring prac- 
tically destroys activity, as also does isomerisa- 
tion to the tsoaglycones. Changes affecting the 
lactone ring may be partly responsible for the 
frequently observed deterioration of digitalis, 
and other preparations on keeping. 

CoLouB Reactions. — The cardiac glycosides 
give characteristic colorations with a mixture 
of concentrated sulphuric acid and glacial 
acetic acid containing a little ferric chloride 
(Keller, Ber. Pharm. Ges. 1895, 5, 275). An 
indigo-blue coloration in this reaction indicates 
the presence of digitoxose. A modification of tho 
above is the so-called Keller- Kiliani reaction 
(Kiliani, Arch. Pharm. 1896, 234, 273). Ekkert 
(Pharm. Zentr. 1934, 75, 228) indicates a re- 
action for digitalis glycosides using various 
phenols. Cardiac glycosides generally give 
characteristic colours with Lieberraann’s chole- 
sterol reagent (acetic anhydride-f sulphuric 
acid). The following reactions are characteristic 
of the unsaturated lactone group in glycosides 
and aglycones : 

Legal Jteaction. — A deep red colour is developed 
with alkaline sodium nitroprusside (Jacobs and 
Hoffmann, J. Biol. Chem. 1926, 67, 609). 

Tollens Reaction . — ^Aglycones and glycosides 
reduce ammoniacal silver nitrate solution 
(Jacobs and Hoffmann). 

Baljet Reaction . — Alkaline picric acid produces 
a red orange colour (Baljet, Schw. Apoth.-Ztg. 
1918, 56, 84). 

The various strophanthins may be differen- 
tiated by their colour reactions with 80% 
sulphuric acid (see Ekkert, Pharm. Zentr. 19'30, 
71,724; 1931,72,388). 

Digitalis (Sorophulariacem). — Various species 
of Digitalis yield cardiac glycosides, but only 
D. purpurea is official in the “ British Pharma- 
copceia ” and “ United States Pharmacopoeia.” 

Digitalis purpurea Linn. (Foxglove). — Only 
the leaves are official. Digitalis Folia, “ British 
Pharmacopoeia ” ; Digitalis, “ United States 
Pharmacopoeia.” The seeds have a similar 
action due, however, to different glycosides. 
Foxglove is a biennial plant and the activity 
of cultivated plants remains fairly constant up 
to the flowering period. The “ British Pharma- 
copoeia ” prescribes leaves from plants beginning 
to flower. For culture, harvesting and con- 
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gerration, tee J«ewcomb (Amer, J. PhaTm. 1917« i 
89, 147). Mature plants from different localities I 
vary m their glycoside content (Stiatib, Arch. ' 
Pharm. 1917, 255, 198). 

From the leaves and seeds a number of 
glycosides of varying complexity have been 
isolated, but it is probable that the list of such 
compounds is not yet complete. In the seeds 
the cardiac glycosides are accompanied by a 
number of saponins, e g. digitonin, gitonin. 
The first to isolate a ciystalime preparation 
from the leaves was Nativclle (J. Pharm. 
Chim 1869, [iv], 9. 225; 1872. (ivj. 16. 430; 
1874, liv], 20, bi) whose digitaline mstnltisfe 
consisted largely of the glycoside now known as 
dig^toxm. Although a certain number of well- 
defined crystalline glycosides (di^iforiR, gitoxxn, 
gitalin, di^itnltn) were later isolated, the 
discrepancy between the activity of these com- 
pounds and that of the complete drug ted Perrot 
and Cons (Bull Acad. Med 1909, 61. 681; 
62.97, Bull Sci.FharmacoI. 1931,38,7; Progres 
Med. 1933, 354) to the conclusion that the dnig 
itself contained substances with a higher sugar 
content. The correctness of this view was 
estabbshed by Stoll and Kreis (Helv. Chim. Acta 
1935, 18. 120), who isolated two amorphous 
glycosides which they consider to be compounds 
actually present m the leaves. Of these, 
purpurea gfyeoaide A (activity 690 F.D./mg.) 
yields on enzymatic hydrolysis dtgitoxm and 
glucose, white purpurea glycotide B (activity 
315 F.D./mg ) gives similarly gitotm and glucose. 
Table I gives a survey of the crystalltse glyco- 
sides obtained from D. purpurea. 


Glycoside 

Sugars 

Aglycone 

Digi toxin 

Digitoxose 

Digitoxicenm 

Gitoxin. 

„ 

Gitoxigenin 

Gitalin 

Digitaloae-h 

Glucose 

Gitaligenin 

Digitalin. 

Digitabgenin 


Bipiloim /digitaline oystallia^c). — ^Eztrartcd, 
from leaves with alcohol. Nacrous angular 
plates, m p. 255®-257® (Windaus and Freese, 
Ber. 1923, 58, fBJ, 2506). Sparingly soluble in 
water, soluble in alcohol and chloroform. It is 
hydrolysed according to the following equation 
(Windaus and Stem, Bcr. 1928, 61, [B], 2436): 

CnH„Oi,-l-3H,0 = C„H,i04+3C,H„0* 

UlgUoxIgeoln DIgitoxose 

Digitozigeom has m p. 250® and yields an- 
hydfo-denvalives with HCI (Smith, J.C.S. 
1935, 1050). Digitoxose has m p. 112®, [a]”,j 
.f-55 6® (Smith, J.C.S. 1930, 50S). Forstructure 
of aglycone and sugar, tee above. Digitoxin gives 
the Kellcr-Kniam reaction. Activity 20^300 
F.D./mg. 

Oilcxin . — First isolated in an impure state 
from an aqueous extract of the leaves by Kralt 
(Arch. Pharm. 1912, 250, 118) who described it 
under the name “ anhydrogitabn.” A glycoside | 
obtained as a by .product by 3Icrclc in the mann- 1 
facturc of digitoiin was considered by Kiliani 


(Ber. 1915,48, 335) to be different fromanhydro- 
gitalm, but was -shown to be identical with n 
Iqi Windaus and Schwarte (Ber. 1923, 58 
1515). These authors gave it the name gitorml 
by which it is now generally known. Gitosiii 
forms needles, m p 266°-269 °(Wmdaus), 2S5', 
(Smith. Cloetta), very sparingly soluble in w atcr, 
alcohot or chloroform. Its purification and 
properties are described by Windaus and 
Schwarte (I c ). Windaus, Westphal and Stem 
(Ber, 1928, 61, 1847), andSmith (J.C.S. 1931,23). 
It hydrolyses accoring to the scheme; 

C*iHetOu-|-3HtO=CtiHs40s+3C4H„04 

Gltoxlgcnln Digitoxose 

Gitovigcnm (structure above), has m p. 224“- 
225®, leaflets, and with alcoholic HCI yields 
digitabgenm (see below) by loss of 2'H,0. 
Gitoxui gives the Keller-Kibam reaction and » 
about half as toxic as digitoxin in the frog test. 
Cloetta'a “ bigitabnum crystaUisatum ” m 
identical with gitoxin. Activity e. 100 F.D /mg 

Ottahn . — This leaf glj coside was described by 
Cloetta (Arch. exp. Path. Pharm. 1926. 112, 261) 
under the name “ gitalmwm crystaUisatuTn." 
Needles, m.p. 245®-247®, much more soluble than 
gitoxin. It hydrolyses according to the follow. 
mg equation (Windaus, Arch, exp Path. Pbarm. 
I9i8. 135, 253; Jacobs and Gustus, J, BicI. 
C3iem. 1928,79, 655): 

C*sH 5 jO„+ 2H»O=C„H„O,-|-2C,H„04 
OltsllgenlD. Dlgitoxox 

Gitaligenin, m p. 222®, gives on acylation and 
reduction the same products as gitoxigenm. 
Windaus (/ e.) considers it to be a hydrate of 
gitoxigemn. Gitabn gives the Keller-Kilisni 
reaction. Activity c. 110 F.D./mg. 

Digram. — Karrer ("Bareli Festschrift,” p. 
23d : Basle, 1936) isolated this inactive glycoside 
together with two os yet uneharacterised highly 
active substances Burn D. purpurta leaves. 
Diginin, colourless prisms, [a]^® —176®, although 
inSctive, gives the colour with sodium nitro- 
prusside charactenstic of the jSyunsatarated 
lactone group. It yields on hydrolysis digitoxose 
and an unidentified aglycone. 

Diyifafm.— The seeds of D. purpurea contain 
active glycosides which are accompanied by 
aaponins (e g. digitomn, gitonin). Only one of 
these active principles has been recognised as an 
individual. This is the dlgilalin of Schmiede. 
berg (Arch. exp. Path. Pharm. 1874, 3, 27), 
which has since been investigated by Kiham, 
who isolated it from the Digitalis pur. pufr. 
germanicum of Merck. Ue named it digitalmum 
rerant, and showed that it gave on hydrolysis 
digitaligemn, glucose, and digitalose. The more 
recent work of Windaus (Nachr. Ges. Wus 
GSttingen, 1927, 422) caused a revision of 
Kihani'a formula. It hydrolyses according to 
the following equation (Windaus, WestphsI, sou 
Stein, l.c. ; Windaus and llaack, Ber. 1929, 61, 
1849; 1929,62,475): 

C,sH„Oi,-t-2H,0 ^ . 

-C„H„O,+ C,H„0,+ C,H,.0, 
Digital®** 

CjjHjjO, -► CjjH,jO,-{-2H,0 
Gitoxigenln DIgttsIlgenIn 
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Digitalin usually forms granules, m.p. 210°- 
217°. It is sparingly soluble in water (1 : 1,000) 
and readily so in alcohol. The saponins which 
accompany it in the seeds affect the solubility 
in some way, for the mixture of digitalin and 
saponins is readily soluble in water. Digitali- 
genin, m.p. 210°-212°, is not the primary pro- 
duct of hydrolysis, but results from the dehj'dra- 
tion of initially formed gitoxigenin. Digitalose 
is a syrup (for constitution, see p. 381). Activity 
of digitalin c. 75 F.D./mg. 

Digitalis lanata Ehrh. — A native of the Bal- 
kans, this plant is cultivated in Western Europe, 
and is now an article of commerce. The leaves 
are 3-4 times more active than D. purpurea. 
Smith (J.C.S. 1030, 508; 1931, 23) obtained 
from the loaves gitoxin and a new isomeric 
glycoside digoxin. Mannich, Mohs, and !Mauss 
(Arch. Pharm. 1930, 268, 453) found four 


glycoside.s all different from those of Smith. 
The nature of the lanata glycosides has, however, 
been made clear mainly by the work of Stoll and 
Kreis (Helv. Chim. Acta, 1933, 16, 1049, 1085, 
1390; 1934,17,592). Fresh leaves were ground 
with a neutral salt to inactivate hydrolytic, 
enzymes and the product extracted with ethyl 
acetate until the extract gave no Keller-Iviliani 
reaction. From the mixture of glycosides 
(digilanide) three isomorphous crystalline glyco- 
sides A, B, and C were obtained with activities 
690, 640, and 640 F.D./mg respectively. The 
crude digilanide contains 46% A, 17% B, and 
37% C. Unlike the purpurea glycosides, each 
of these substances contains an acetyl group. 
By controlled hydrolysis StoU and Kreis were 
able to obtain a number of le.ss complex 
glj'cosides as indicated in the following scheme : 


Digilanide A 

alkali 

Deacetyldigilanide A 

enzymatic 

hydrolysis 

Digitoxin. 

(—acetyl) 

(= Purpurea Glycoside A) 

(—glucose) 

Digilanide B 

alkali 

Deacetyldigilanide B 

enzymatic 

hydrolysis 

Gitoxin. 

(—acetyl) 

(= Purpurea Glycoside B) 

(—glucose) 

Digilanide C 

alkali 

Deacetyldigilanide C 

enzymatic 

hydrolysis 

Digoxin. 

(—acetyl) 

(-glucose) 


jrannich's lanadigin is a mixture of digilanides 
A, B, and C, in which C preponderates (Arch. 
Pharm. 1934, 272, 5). 

Digoxin . — First isolated by Smith (l.c.). 
It has m.p. 265° and is isomeric with gitoxin. 
On hydrolysis it yields 1 mol. digoxigenin, 
m.p. 222°, and 3 mols. digitoxose. It gives the 
Keller-Kiliani reaction, and is readily soluble in 
dilute alcohol. Activity 650 F.D./mg. 

Strophanthus (Apocynaceaa). — Many stro- 
phanthus species are known to contain cardiac 
glycosides, but only the following seem to have 
been thoroughly investigated. 

Strophanthus Kombi . — ^Fraser (Trans. Roy. 
Soc. Edin. 1887, 35, 955) was the first to 
obtain an amorphous water-soluble active 
glycoside mixture from the seeds. Jacobs and 
Hoffmann (J. Biol. Chem. 1926, 67, 609; 69, 
153) showed that all the glycosides are made up 
of strophanthidin combined with cymaroso and 
varying amounts of glucose. They separated 
the crude mixture into an amorphous it-stro- 
phanthin soluble in water and a crystalline 
sparingly soluble I'-strophanthin. 

Crystalline \i-strophanthin was shown by 
Jacobs and Heidelborger (J. Biol. Chem. 1922, 
64, 253) to consist of a mixture of chloroform- 
soluble cymarin and chloroform insoluble k- 
strophanthin-^. 

Amorphous li-slrophantJtin is a mixture of 
glycosides derived from cymarin by addition of 
varying amounts of glucose (Jacobs and Hoff- 
mann, I.C.). 

Cymarin . — Ciystallises in prisms, m.p. 138°— 
148°. It hydrolyses according to the scheme : 

Stroplmnthldln Cymarose 

VoL. 11.-25 


Strophanthidin has m.p. 171°-175° (for constitu- 
tion of aglycone and sugar, see pp. 382 and 381), 
Cymarin also occurs in Apocynum cannabinum 
(v. infra). It has an activity of c. 1250 
F.D./mg., whereas strophanthidin has only 400 
F.D./mg. (Straub, Biochem. Z. 1916, 75, 132). 

k-Slrophanthin-8 has m.p. 150°-151°, and is 
readily soluble in water. It hydrolyses according 
to the equation : 


~^23^32®6'i'^6^12®0'f' 


Stropban- Glucose 
thidiu 


C7H14O, 

Cyniarosp 


i'-Strophanthin-jS is thus a gluco-cymarin. 
Activity 1300-1500 F.D./mg. (Straub, l.c.) 

Jacobs (J. Biol. Chem. 1930, 88, 519) found in 
extracts of S. Kombi seeds a third glycoside, 
allocyman'n, m.p. 146°, which was physiologically 
inactive. This substance is believed to owe its 
origin to enz3TOatic isomerisation of cymarin 
in the extraction process ; it hj’drolyses to 
cymarose and aUostrophanthidin, m.p. 248°. 

Strophanthus hispidus DC. — Jacobs and Hoff- 
mann (J. Biol. Chem. 1928, 79, 531) showed 
that the seeds jdeld a complex mixture of 
strophanthidin glycosides, of which cymarin 
forms a part. Tschesche (Ber. 1935, 68, [B], 423), 
however, obtained a mixture of glycosides 
which could not be crj'stallised, but gave on 
hy'drolj'sis anhj’dro- derivatives of two aglj'cones 
hispidogenin-A, C23H34O5, and hispidogenm-li, 

^ 23 ^ 34 ^ 0 " 

Strophanthus Emini . — The seeds contain a 
mixture of glycosides investigated by Jacobs 
and Bigelow (J. Biol. Chem. 1933, 99, 621). 
The more readily hydrolysable glycosides were 
not isolated in crystalline form, but yielded on 
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hjtlrolysis stroplianthiJjn and petiplogenui, tlie 
agljcone oi periptocymarin {see Periploea grata) 
From the more stable portion of the erode 
mixture a monosido, and a bio<ide, 

C,,Hj,Oij, were i«olated. Both of the«e are 
derived from nn agljcone, which could only he 
isolated as itstnanhjdro denvatnc, icomenc, 
but not identical with trianhjdropenplogenm 
The monosidejiehis asugar, C,HjjOj, identical 
or jsomenc with digitalose (ree p. 3S1) The 
bioside yields, m addition, glucose 

Slrophanlhui gratva {=Stropkaulktts gtater], 
— Amaud(Compt rend 1888,107,1162, 1898. 
120, 346, 1208, 1280, 1684, 1873) obtained from 
the seeds the crjstallme glycoaide ouaba\n, 
w hicb he first discov cred in the roots and bark of 
the ouabaio tree (AeohanOttra Oiiabato) of East 
Africa. The identity of the two products was 
finally established by Thoms (Ber. Pharm 
Ges. 1004, 14, 104] who applied to it the name 
g-tlropfianthn to distinguish it from k-<iromhe)- 
etrophanthin On account of its accessibility in a 
pure condition, ouabain has been adopted as a 
standard for the biological assay of strophanthus 
preparations. Purification and physical con- 
stants are described hy Schwarfze, Hnnn and 
Keenan (J. Pharm Exp Ther. 1929, 36, 48!) 
Plates, m.p. 185“. Hydrolyses according to the 
following equation (Jacobs and Bigdow, J 
Biol Cbem 1933,96,647)- 

c,.h„o.,+ h.o.c„h.,o,+c,h„o,. 

Ouibsgcnlu iCIumoose 

Ouabagenm is very sensitne to acids and bos, 
only been crystallised in the form of anhydro 
derivatives A complete structural formula for 
ouabain has been put forwanl by Fieser and 
Newman (J Biol Chein 1936, 114. 705) 
Activity 3,000 T D /mg. It is soluble m water 
and dilute alcohol, and insoluble m ether, 
chloroform or absolute alcohol. Ouabam gives 
characteristic colour reactions (Ekkcrt, Pharm 
Zentr. 1930, 71, 724. lOJl. 72, 388) 

SlrophanlhvssarmenlMus DC — Tlic seeds con* 
tnm a mixture of gly cosides from which by enzy- 
matic hydrolysis glucose and sarmentorymann 
are obtained (Jacobs and Heidclberger, J. Biol 
Chem 1029, 81, 7C5] Sarmentocymann, prisms. 
m p. 130“, IS soluble in cbloroforin ami sparingly 
so in water It hydrolyses very readily with 
acids to give tartntnlose, C,H||0| (see p. 381), 
and sarmentogenin, prisms from 

dilute alcohol, m p. 205“-2GG“ (anhydrous). 

Apocynum (Apocynaceie) — Canadian hemp 
(Apocynum eanrujl'inum) has long been known to 
possess cardiotonic activ ity Taub and Ficke- 
wirth (Bayer, DR P 255037, 1912) were the 
first to isolate from it cymann (see S A'omfe) 
identified as a glycoside of strophanthidin by 
Windaus and Hermanns (Bcr. 1915. 48. 979, 
091). Cymartn was also obtained from other 
species of Apocynum{an<Irosxme/olium,tenelatn) 

A'cfium Oleander Linn. (Apoeynacea) — Of the 
active glycosides obtainable from the leaves 
oleandnn (Windaus and Wcstplml, Nachr. Ges, 
Wiss. Gottingen, 1025, 78) has been definitely 
charactensed. ITie glyeo-side fclinerin (Flniy 
and Neumann, Klin. Woch. 1030, 14, S62) has 
been shown to be identical vrith oleandnn 


(Neumann, Ber. 1937, 70, [B], 1547) ; TschesdiP 
i&iif. 1937, 70, [B], 1504). 

Oleandnn.— Needles, m.p. 249*5 hydrolysM 
according to the following equation (Neumann. 
I e. ; Tschesche, / c.), 

Olcandtigcnln Oleandrost 

Oleandrose has not yet been charactensed. 
Oleandngcnm is a monoacetyl denvative of 
gitoxigenin, the acetyl group being attached to 
the C,j hydroxyl (Tschesche, I e.). 

Oleandnn has activity 1,200 r.D/mg. (Flury 
and Neumann, f.c.). According to Neumann 
(1 e.) oleandnn is accompanied in the leaves by 
another glycoside, orfynerin, in p. 234®, which, 
like alldcyinariA (see ahote], is inactive. 

Theielia nereifolia (=CerZ<era Thevelia Linn) 
(Apocy-nacese). — The nuts of the ahouai tree 
of the West Indies contain a mixture of glyco- 
sidee, the mam constituent bemg lAeidin, 
CtjH4gO]j, m p. 103®, soluble in alcobol and 
sparingly so m water (Chen and Chen, J. Biol. 
Chem. 1934, 105, 231; J. Pharm. Exp. Ther. 
1934. 51, 23). Activity 200 FD/rag. It is 
present m the nuts to the extent of 3 6-4% 
Little IS known of the other glycosides, 
neni/ofin, m p. 1S9“, and o^ouain, mp. 144°, 
described by Chen and Clien 

Pertploea Grata (Asclepiadaces) — I-ehinann 
(Arch. Pharm. 1897, 235, 157) isolated from the 
bark of this tree a crystalline glycoside pen- 
ploetn, yielding on hydrolysis a reducing sugar 
and an eglycone pertplogcfun, The drug baa 
been thoroughly mrestigated by Jacobs and 
Hoffmann (J. Biol. Chem. 1023. 79, 519), who 
showed that it contains a mixture of glyeoaidn 
which yielded crystalline periploeymartn on 
enzymatic hydrolysis. 

Pertplocymartn, m.p. 138*-148*, yields on acid 
hydrolysis eymarosc and peripfogeNin,C{,H}tOi 
According to Jacobs and Hoffmann. Lehmanns 
pcnploem is to be regarded as a glucopenplo- 
eymjrm, C,gHg,0,). 

Uzara (Asilepiadaces). — The roots of certain 
Gomphocarpus species furnish the arrow poison 
of South East African tribes. Hcnnig (.4rch. 
Pharm 1917, 255. 382) was the first to isolate 
the principal glycoside uzarin in crystalline form 
Czann trystaUi'es iti needles, m.p. 200°-210“i 
IS sparingly soluble m water, but soluble in dilute 
alcohol It hydrolyses according to the foUow- 
ing equation (Windaus and Haack, Bcr. 1930, 
63. 1377); 

CjsHs,O„+2HjO=C„H„O4-|-2C,H„0, 

Uzatigenin Glucose 

U»irigenin has only been isolated as its 
anhydro- derivative, (for constitution, 

see p 382). Asecondglycoside.uiaren.hasbeen 

described by Grobcl (Dies. Marburg, 1925). 

Sgutll (Liliacem). The bulbs offici/fa marilirui 
L. {—Urgiiiea niarilima Baker) were used in 
ancient tiroes in the treatment of heart diseases, 
although the drug is mainly used to day for its 
expectorant properties. Present knowledge of 
the cardiac glycosides of squill is mainly ^e 
to the work of Stoll and hb collaborators. To* 
bulbs when extracted under conditions which 
minimise enzymatic action yield cryitsUme 
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ncilhrcn A and amorphous scillare.n B (Stoll, 
Sutcr, Krcis, Bussemakcr and Hofmann, Helv. 
Chim. Acta, 1933, 16, 703). 

SciUaren A crj’stalliscs in leaflets, m.p. 270°. 
It gives no colour reaction nith sodium nitro- 
prusside. Acid hydrolysis proceeds according to 
the scheme : 

C3{Hj2023 = C24H3(,034-Cj2H220j(, 

Scillarldin A Scillabiose 

Scillabiose may be further hydrolysed to 1 mol. 
glucose and 1 mol. rhamnose. Hydrolysis of 
Bcillaren A with the enzyme scillarenase gives an 
intermediate product proscillaTidin A and 1 mol. 
glucose (Stoll, Kreis, and Hofmann, Z. physiol. 
Chem. 1933, 222, 24). 

ScUlaridin A, prisms, m.p. 245°-250°,is really 
the anhydro- derivative of the unstable aglycone 
of Bcillaren A, removal of the sugar residue from 
the latter being accompanied by dehydration. 
The additional hydroxyl of the hypothetical 
aglycone is considered to be at Cj, and to it is 
attached the scillabiose residue in the glycoside 
(Stoll, Helfenstein, and Hofmann, Helv. Chim. 
Acta, 1935, 18, 644). SciUaren A has an activity 
of c. 1,000 F.D./mg. 

SciUaren B represents a mixture of glycosides, 
and its composition is not yet known. It is 
more readily soluble in water than scillaren A, 
and has an activity of 2,000 F.D./mg. 

Conmllaria majalis (Liliace®). — From the 
flowers of lily of the vaUey Walz (Jb. prakt. 
Pharm. 1858, 12, 302) obtained two amorphous 
glycosides, convallamarin and convallarin, of 
which only the first was active. Neither of these 
products was homogeneous. Karrer (Helv. 
Chim. Acta, 1929, 12, 506) was the first to obtain 
a crystalline cardiac glycoside convdllaloxin, 
needles, m.p. 212°-213°, activityc.3,000 F.D./mg., 
and for which Tschesche (Bcr. 1936, 69, 459) 
established the formula CjsHjjOk,. It hydro- 
lyses to 1 mol. rhamnose and convaUaloxigenin, 
^23^32® 6> apparently identical with Btrophan- 
thidin (Fieser and Jacobsen, J. Amer. Chem. 
Soc. 1937, 59, 2335). 

Adonis (Ranunculace®). — ^^^arious Adonis 
species contain cardiac glycosides (see Hatcher 
and Haag, J. Pharm. Exp. Ther. 1933, 47, 217), 
but only Adonis vcrnalis has been examined to 
any extent. The first detailed chemical investi- 
gation of the drug was made by Heyl, Hart and 
Schmidt (J. Amer. Chem. Soc, 1918, 40, 4.36). 
Karrer (D.R.P. 480410, 1926 ; 484361, 1927) and 
Mcrcicr and Mercicr (Rev. Pharmacol. 1927, 1, 1) 
isolated a mixture of water soluble and water 
sparingly soluble glycosides, adonidoside and 
adonivernosidc having respectively 600 and 300 
F.D./mg. 

HeUeborns (Ranunculaceae). — From the roots 
of IleUcbortis niger and riridis, Husemann and 
Marm6e (Ann. Chem. Pharm. 1865, 135, 55) 
isolated a semi-crystalline mixture of glycosides 
which they considered to consist of /icliciorein and 
hellcborin. The active hclloborcin was investi- 
gated chemically by Thaeter (Arch. Pharm. 
1897, 235, 414) and Sieburg (ibid. 1913, iSl, 
1.54), but according to Karrer (“BareU 
Festschrift,” p. 243 ; Basle, 1936) this material 
was not homogeneous. Karrer (D.R.P. 605073, 
1933) isolated from JI. niger the crj'Btalh’ne 


homogeneous hellebrin [a]p —23°, activity 
c.3,000 F.D./mg. It gives no colour with 
sodium nitroprusside. 

Anliaris toxicaria Lesch. (Sloracc®). — The 
latex of the upas tree furnishes the arrow poison 
of native races in the Malay Archipelago. Kiliani 
(Ber. 1910, 43, 3574) obtained from it a-anliarin, 
plates, m.p. ■220°-225°, and ^-antiarin, needles, 
m.p. 206°-207°. Both glycosides have powerful 
digitalis-like activity, and yield the same agly- 
cone antiarigenin. The sugar component of 
o-antiarin is antiarose, isomeric with rhamnose, 
which is obtained from /5-antiarin. These com- 
pounds have been investigated by Tschesche 
(Ber. 1936, 69, 1377), who established the 
i formul® of both glycosides as 
Hydrolysis gives dianhydroantiarigenin, 

1 C23H23O5, m.p. 200°-205°. The true aglycone, 
antiarigenin, could not be isolated, a- and 
antiarin give a positive reaction with sodium 
nitroprusside. 

Cerbera OdoVatn contains a crystalline glyco- 
side, cerberin, m.p. 190°-192°, not identical with 
thevetin (Plugge, Arch. Pharm. 1896, 231, 10). 

Cerbera tanghinia (=Tanghinia venenifera) 
fruits yield tanghinin, m.p. 182° (Amaud, 
Compt. rend. 1889, 108, 1255 ; 1890, 109, 701), 
which may not be a glycoside. 

V rechiles suberecta is known as an arrow 
poison in the West Indies. It contains two 
crystalline glycosides, urechitin and urechitoxin 
(Bowrey, J.C.S. 1878, 33, 252). 

Adenium Boehmianum Schinz, a South West 
African arrow poison, contains echujin (Boehm, 
Arch. exp. Path. Pharm. 1899, 26, 165). 

CoroniUa species contain in seeds and stems a 
glycoside, coronillin, with an activity 200 
F.D./mg. (Schlagdenhauffen and Reeb, Arch. 
Pharmacodynam. 1897, 3, 1). 

Evonymus atropurpureus contains a crystalline 
glycoside evonymin with an activity" 300^00 • 
F.D./mg. (see Schmiedeberg, Arch. exp. Path. 
Pharm. 1883, 16, 149).! 

Cheiranthus (Crucifer®), wallflower species, 
contain a glycoside, clieirantAin, with an activity 
400 F.D./mg. (Jaretzky and Wilcke, Arch. 
Pharm. 1932, 270, 81). 

The following plants are alleged to contain 
cardiac glycosides which have not been properly 
inxxstigated : Viscum album (mistletoe), Nym- 
phaea alba, Babelaisia philippinensis, Calolropis 
procera, Pachypoduim sealli, Gryplosiegia mada- 
gascariensis, Qratiola officinalis, Ilex opaca, 
Bowiea volubilis, and the "pakuru-neara ” tree 
of South America. For details, sec Weese 
(“ Digitah's,” Leipzig, 1936). 

Bibliography. — For detailed accounts of the 
cardiac glycosides, the following modem remews 
are recommended: Jacobs, Physiol. Reviews, 
1933, 13, 222 ; Kon, Ann. Rep. Chem. Soc. 1934, 
31,218; Stoll, “ Cardiac Glycosides,” London, 
1937 ; Weese, “ Digitalis,” Leipzig, 1936. 

Toad Poisons. 

The secretions of the parotid glands of many 
species of toads contain substances of powerful 
physiological activity very similar to that of the 
cardiac glycosides. In addition there occur 
a number of basic substances, e.g. bufotenine. 
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h«fotcnidtne, bHfolhioJiinr, adrenaUtu, iiliifli, . 
liott-c\er,havc nodiptaloid propcrtiM(\Vieland, 
Konz and Mittasch, Annlcn, 1934, 513, 1; 
Wichnd and Wialand, tbid. 1937, 528. 234; 
.Irn<en nnd Clicn, J. Biol. Chcm. 1036, 116, 86). 
Tlic rardioadivc aiibstancTa {hvfottmm) arc 
made up of “ genins ” combined with snbeij) 
arginine. There is still some doubt aa to 
w hetlicr the “ genms " ever occur in the accrc- . 
tions in the free state. Since Tschesche and 
OITo (Bor. 1935. 68, [B], 1999) and Jensen 
(J Amor. Chem Soc. 1935, 57, 2733) obtainnl 
methvl cyc/opentenopbenantb/cnc by dehydro- 
genation of finotu/flji'rt the “ genm ” from the 
Chinese toad, it is practically certain that the 
original suggestion of Wiehnd and Altcs (B«r. 
1922, 55, 1789) that the “gemns** have a 
structure similar to the bile acids is correct. 
The toad poisons contain a lactone ring but do 
not give the sodium nitropnisside reaction of the . 
digitalis and strophanthus glycosides 
All toad poisons appear to bo structurally 
similar tu each other nnd to the cardiacglycosidca i 
(particularly the squill gheosides). They were 
known and used in European medicine before 
the introduction of digitalis (Schroeder 1672 ; , 
Dale 1C92). 

Ilu/o hufo bvfo ). — From the 

skin of the common European toad, Wieland 
and ^ed (Ber. 1913, 46. 3315) isolated bufotaUn, ^ 
Cj|HwO(. nhich was later shouTi to be denve<i 
from bufotoxxn, C4uH|,OnN4, in which it is 
combined 'sith suMry larginmo (Wieland and 
AUos, le.). ITydrolysia of bufotoxin with 
strong and proems according to the scheme : 

C4oH„0„N,-eC„H„0, 

SafoUlicQ 

+ C„H„O,N,+CH,C00H+H,O 

SuboryLirgialnc 

iiufolnhtn is thus the anhydro-derivative of a 
genin, CtjHjjOf, whose acetyi derivative is 
I bufotnbn By reduction of bufotaben and open- 
ing of the lactone ring, an acid was 

obtained isomenc with cholanic acid (see bile 

jtfjds) yjfsivsfid 

272). Bufotoxin u desenbed as tail^oroSu/otozan 
by Chen, Jensen and Chen (J. Pbarm. Exp. 
Tiicr. 1033, 47, 307) who were unable to find 
any free bufotabn in the skin and secretion. 

hajo jajxmicva (=B. formoaut=D, ganto). — 

'1 he Japanese toad yields gama&w/otima, 
hydrolysed to gamabvjogenin, 
CijHjiOg. and eubcrylarginine (Wieland and 
Vocke, A. 1930, 481, 215 ; e/. however, Chen and 
Chen, J. Exp. Fhann. Thcr. 1933, 49, 26; 
Kotake. A. 1928, 465,11). 

liufo guTgarimnt (—B. cAinCTHia).— The dned 
pirotid secretion of (he Chinese toatl forms the 
drugs “ Senso ” and “ Ch’an So." From these 
drugs is obtained ttnobvfoloitn, 
hydrolysing to einobufajtn, CjjHjyO*. and 
auberylirginino (Jensen an<l Chen, J. i’harm. 
Exp. Thcr. 1931, 43, 13 ; Jensen and Evans, 

J. Biol. Chem. 1934, 194, 307). 

Bu/o arennrum yields arenobufajin, t 

nnd arenobufoloxMi, C.jH^^OcCj^HyfOjN.. 
probably a compound of tne former w ith subery !• c 
arginine. Ikitb have digitalis-like action (Chen. ( 


Jensen and Chen, J. Ph.srm. Exp. 'fher. 1933 

49. 1). 

Bii/oiiVWixnnifi'afEuropcangrccntoadlyiclds 

I eindobufoloxin, CjjHj40s-C,,H,,OjN,{l), 
which may be a compound of tmdobufagxji, 
CjjH„Og, and subeolatSinino (Chen, Jensen 
and Chen, tbid. 1933. 49, 14). 

Itujo tnannua {=Iivfo a^ua ) — Gives marino. 
bufagin, CjiHajOj, and manne^ufotoxin, 
CjgH^OioNf, Its compound with suberyb 
arginine (Jensen and Chen, t&id. 1931, 43, 13) 
Jtannobufsgin is identical with bujagtn, the 
first ciystaJJine enrdtMcUYe compound ischted 
from toad venom by Abel and Macht (J, Phann. 
Exp. Ther. 1911-1912, 3, 319). 

Chen and Chen (J. Pharm. Exp. Ther. 1933, 
49, 503) also desenbe digitalis like Bubstances 
from the parotid secretions oT B. regvhria, B. 
folltceps, B fenehn, B. oleanus, B. quenetti, 
and B. ameneanus. A. R. T. 

CARD I AZO L. Pentamethylene tetrazol. 
M.p.* 56*-.58® Readily soluble in water. The 
solution can bo stenhsed. Cardiac etimulant, 
BPC 1934 

CARDOL, (1). a phenobc con- 

stituent of cashew nut shell oil (e. AvACARDitm 
Nut). j. L. and E. L. 

CARDOX CARTRIDGES, used m fiery 
mines, are cartndges of sobd carbon dioxide 
heated «n s»(u by a suitable contrivance. 

A»-CARENE. 


HC CH, 

H|C in 
'^C'hC^Me, 

The dicyclic hydrocarbon, d-A’-corew, 
C,oH„, b.p. 1707760 mm., d” 08(388, 
1-4675, (olj, -f 7 69®, forms the mam constituent 
of Indian turpentine from the oleo resin of 
Finus loTigi/olia (Simonsen, J.CS. 1929, 117, 
A7/>,- JA2A A51),- J929, 305), 

and its occurrence has been observed m a 
number of other oils (Simonsen, Indian 
Forest Rec. 1923, .10, 56; Panicker, Rao, and 
Simonsen, J. Indian lost. Sci. 1926, 9A, 137; 
Rao and Simonsen, J.C.S. 1925, 127, 2494; 
Wienhaus and Schmidt, Schimmcl’s Report, 
1928, p. 101 : Semmler and von Schiltcr, Ber 
I927.W,[B], 1591 ; Aschan. Annalen, 1928,461, 
I ; Krestinsky, laverovsky and Jlalmberg, J- pf. 
Chem. 1931, In], 129. 97). The hydrocarbon 
B readily identified by the preparation of the 
sparingly soluble nitrosa/e, m p. 147 5®; accord- 
ing to Lagache (Bull. Inst. Fin, 1027, 

yields an unstable nrtrcMocWonde, m.p. lOP-10- . 

On catalytic hydrogenation the satnratw 
hydrocarbon earane, CjnHu, is 
(Krestinsky and Solc^ki, J. pr. Chem. 19W, 
126, (ill, 14) prepared originally by Kishner (J. 
Russ. Pfays. Chem. Soc. 1911, 43, 1132) by the 
action of alkali on 1-carone hydraionc. 

The constitution cf 

esUbbsfaed (i) by its conversion with hydrogen 
chlonde into a mixture of dipenSene •nl 
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sylvesirene dihydrochlorides (TT and III), and I nianganate when the reaction proceeds in 
(ii) by its oxidation -ivith potnssitnn per- [ accordance with the scheme given below : 


CMeCl 


CMe 



C(OH)Me 




HjC 


CH 




CH- 

IV. 


HO 




CMe„ 


C(OH)Me 


HO,C 


CHj 

CH 


HCI 


-CMe„ 



CO2H 

^H, 


HO^C 


CH 


CH- 

V. 


-CMe, 



CMe, 


VI. 


Homocaronic acid (V) has been prepared 
synthetically by Owen and Simonsen (J.C.S. 
1933, 1226) and caronic acid (VI) by Perkin and 
Thorpe {ibid. 1898, 75, 48). 

On oxidation iTith hydrogen peroxide d-A^- 
careno yields a glycol, m.p. 90°-91° (PiUai and 
Simonsen, J.C.S., 1928, 359) isomeric with that, 
m.p. 69‘’-70'’ (IV), prepared by the action of 
potassium permanganate. The products of the 
auto-oxidation of the hydrocarbon in the 
presence of cobalt resinato have been investi- 
gated by Owen and Simonsen (J.C.S. 1931, 
3001) and form a complex mixture. On 
exposure to the air the hydrocarbon oxidises 
very rapidly and this property renders it some- 
what less valuable than pinene for use as a 
thinner in paints. J. L. S, 

A‘-CARENE. 


CMe 



CH CMe, 

The dicyclic hydrocarbon, d-A^-cnreae, CjoHjj, 
b.p. 165-.6M67°/707 mm., d”0-8552, 1-474, 

[“]d+ 69’2°, occurs in the essential oil from the 
grass Andropogon Itcarancusa Jones (Simonsen, 
J.C.S. 1921, 119, 1044 ; 1922, 121, 2292), in the oil 
from Pinu.^ sylvestrin (Scmniler and von Schiller, 
Bcr. 1927, 60, [B], 1591), in Finnish and Swedish 
turpentines (Aschan, Annalen, 1928, 461, 1 ; 
Wienhaus and Schmidt, Schimmels Report, 
1928, p. 101), and in the oil from Dacrydivm 
Franklinii (Pcnfold and Simonsen, .1. Proc. 
Roy. Soc. New South Wales, 1929, 63, 95). The 


hydrocarbon has been prepared synthetically by 
the dehydration of 1-carol (Menon and Simonsen, 
J. Indian Inst. Sci. 1927, lOA, 4). No crystalline 
derivatives have been described. 

The structure of the hydrocarbon is proved 
(o) by its fission -n-ith hydrogen chloride to yield 
a mixture of dipentene and sylvestrene hydro- 
chlorides (c/. d-A®-carene), and (6) by its oxida- 
tion with potassium permanganate to d-l:l- 
dimelhyl-2~y-l-etohutylcYc\opropane - 3 - carboxylic 
acid (I) {semicarhazone, m.p. 182“-183'’), which by 
further oxidation with sodium hypobromite 
gives 6L-3-carboxy-lil~dimcthylcyc\opropane-2- 
propionic acid (II), m.p. I04°-105°. Tlie 
structure assigned to the latter acid, based 
originally on its conversion into homolerpenylic 
acid (III) by the action of hydrochloric acid, has 
been confirmed by its synthesis by Owen and 
Simonsen (J.C.S. 1932, 1424; 1933, 1223). 



H,C 


CH KMnO, H,C 


CMe, 


COMe 


CO^H 

I ^ 

CH NaOBr 


CH- 


-CMe, 


CO.H 
X' ■ 

HjC CO,H 

I 1 HCI 
H.C CH 5 - 

CH CMe, 

TI. 




COjH 


HjC 


CO 


H.C HjC O 

I 

CH CM 62 

nr. 


J. L. S. 
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CARMINAZARIN. 


CARMINAZARfN, an OTiJation product 
of carminic acid. 

CARMINIC ACID, the colouring matter of 
cochineal. 

CABM01S1NE. Syn for Arorubin. from 
naphthionic acid diazotised and coupled with 
a naphtholsulptonic acid NW. 

CARNALLITE. Hydrated double rhlondc 
of potassium (KCI 26 S%) and magnesium, 
KCI MgClj.OHjO. It occurs abundantly in 
the uppermost layers (" camallite zone ”) of the 
beds of ahraum sails in the Prussian salt 
deposits, and is the chief commercial source of 
potassium chloride. It is also found at Wittels 
heim in Upper Alsace, and in the potash salt 
basin of New Mexico and Texas. The mother- 
liquor, remaining after the potassium chloride 
has crystallised out, contains traces of bromine 
and rubidium, the farmer of which is a valuable 
by product. Thallium has also been detected 
in traces. When pure, the mineral is colourless 
and water-clear, but it is often coloured yellowish 
or reddish by intermixed impunties. Red 
camallite ones its colour and metaUic sheen 
(resembling that of sunstone) to the presence of 
minute scales of hsematite. Ciyatals are rare ; 
theyare orthorhombic, and have (he form of six - 1 
sided pyramids with numerous welt-developed I 
faces. Owing to the extreme deliquescence of I 
the ealt, ccj’st&U must be preserved m sealed I 
vessels. Camallite and broracamalble, in which 
bromine takes the place of chlorine in the above 
formula, have been prepared artiBcially from 
suitable solutions containing a large excess of 
magnesium chloride and at a temperature of 
over 25®. L. J. S. 

CARNAUBIC AGIO. This name was 
assigned by Stureke (Annalen, 18S4. 223. 30C) 
to an acid, m p. 72 5‘C., which he isolated from 
camauha wax, and regarded as an isomer of 
lignocerit acij, Cj,H,jCOOH . the same acid j 
Was reported to be present in wool wax byj 
Darmstadter and LifschUtz (Ber. 1896, 29, 
618). In the Lght of our present knowledge 
concerning waxes it is highly probable that 
Sturcke’s *' camatibic acid” was a mixture of 
high-moIecuIar fatty acids, among which a-i 
tetracosoio (hgnocenc) acid may Iw included I 
the fraction of m p. from the wool wax I 

acids also appears to be a mixture of acids, ! 
among which an acid (in all probability not 
identical with any vegetable-wax acid) having 
25, 26, or 27 carbon atoms (possibly with a 
branched chain) predominates (Abraham and' 
T. P, Hilditch, JSC.I 1935, 64, 39ffr). Tbe! 
term camaubic acid ” must therefore bo 
regarded as obsolete, E, L. 

CARNAUBYL ALCOHOL. Mp. 68®- 
69®C.»,wns isolated from the saponification pro- 
ducts of wool Wax by Darmstadter and L*f- 
schQtz (Ber, 1890. 29, 2890) , since it yielded 
” camatibic acid ” (q.v.) on oxidation, (he 
Ijirmula C„H„OH was attnbulcd to it. 
The existence of this alcohol as an individual 
was questioned by F. Rfihmann (Diochem. Z. 
1916, 77. 203; ef, Drummond and Baker,' 
J.S.C.I. 1929, 48, 232T) whose work ■qggesta 
that the product examined by tho older woricen ' 
may liaie been a mixture of alcohols (impure 


eery! alcohol T) ; on the other hand, an aleohol 
not of the ordinary even numbered fatty senrs 
may be in question. The name “ camaubjl 
alcohol ” is misleading and should be discarded, 
since the tetracosoio acid present m caTiia\ib& 
and other vegetable waxes is the n-Cj, acid 
(hgnocenc and), E L. 

CARNEGINE. Ci,H„OtN (I), was iso 
lated by Heyl (Arch. Pharm. 1928, 266, 6C8) 
from Carnegia gtganlea {Cereus giganttui) 
(Amencan Caetaceic). Spath and Kuffner (Ber. 
1929, 63, 2242) have shown that (I) is identical 
with the alkaloid peetemue previously isolated 
from Cereus peeten abonginum Engeira by Hejl 
(Arch Pharm. 1901, 239, 459). tor ex- 
traction rf Heyl (l.e. 1928). (I) is a colour- 
less oil, b p 170®/! mm, slowly decomposing 
under atmospheric influence; it cannot be 
ciystallised. 

B HCi. needles, m.p. 207* (Spith 210*-211') 
from CHClj EtjO, easily soluble in H|0, 
sparingly soluble m absolute EtOH ; B HBr, 
small Tieedles, m p. 228*, from alcohol ; 
B HAuCI|. yellow plates, from dilute E10H ; 
the pierate, m p. 212“-213“, from MeOH ; 
the melhtodide, m.p 210®-211*, from MeOH. 

Spath (Ber. 1029, 62, 1021) baa put forward 
the following constitution for (1) and has 
established it by synthesis : 



I 

I (I) therefore U related to the anhaloiiium alks* 

I loids , It has also been obtained by methylation 
of the alkaloid aaiaohne (Orekhov and Pros- 
kumina, Ber. 1934, 67, 878). Although (I) con- 
tains an asymmetrical carbon-atom, the alkaloid 
and Its salts arc optically inactive {ef. Seboepf 
and Bayerle. Annalen, 1934, 513, 190), For 
pharmacological action of (I) (Heyl, le. 1901 
and 1928), and Mogilewa (Arch. exp. Path 
Pharm 1903, 49, 137). SeW 

CARNELIAN u. C hslcxdoky. 

CARNINE was the name given to a basic 
substance isolated from meat extract by Voit 
(Weidel, Annalen, 1871, 158, 353) ; it occurs slao 
:in beer yeast extract (Schiitzenberger, Chem- 
Zentr. 1877, 73), in the muscle of some freah- 
I water fish and frog’s flesh (Kruken^rg and 
Wagner, ibid. 1884, 107), and in beet juice (E 0- 
von lappmana, Ber. 1896, 29, 2645). Carnine 
crystallises in chalk-white druses, is eparingly 
soluble in cold, readily so in hot, water, insoluble 
in alcohol or ether ; it forms a crystalline hydro- 
chloride and platinichloride, and a 
soluble compound with silver nitrate (Weidel, 

Haiser and Wenzel (Monatsh. 1908, 29, 15U 
have shown that carnine is an approximately 
equal molecular mixture of hypoxantbme an 

iBOsine,CioH,,04N.,andthotwowere8ep8r8t^ 

by tic action of acetic anhydride which 

the inosine into the acetate, CioH»OsN 4 (OAC),. 

m.p. 230* (decomp). Inoaine crystallises m 
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silky needles, m.p. 215“ (decomp.), [a]“’-49-2°, 53, 514) ; oxidation with caleium permanganate 

and 100 c.c. of aqueous solution saturated at 20° P etaine 

contains 1-615 g.. 'When inosine is hydrolysed CHj CO 


by sulphuric acid it yields hypoxanthine and a 
pentose, originaJIv^ termed carnose by^Levcnc 
and Jacobs (Ber' 1909, 42, 2102, 2474), and 
afterwards identified with d-ribose. 

M. A. W. and W. V. T. 

CARN ITES, [Derivatives of pyridine bases 
etc., used us dispersing and wetting-out agents. 

CARNITINE, C,Hi 503N, a base first 
found in Liebig’s extract of meat in 1905 by 
Gulewitsch and Ivrimberg {Z. physiol. Chem. 
1905, 45, 320), is present in the fresh musele of 
many mammals (ox, 0-03% ; horse, 0-17% ; 
sheep, 0-19% (Smorodinzew, ibid. 1913, 87, 12 ; 
1914, 92, 221) ; Strack, Wordehotf, Neubatir, 
and Geissendorfer [ibid. 1935, 233, 189) give 
0-l-0-2% for ox), and in other organs. It is 
most conveniently prepared from meat extract 
from which yields of from 1-3 to 1-8% can be 
obtained (Gulewitsch and Krimberg, l.c. ; 
Kutscher, Z. Nahr. Gonussm. 1905, 10, .528 ; 
Strack, Wordchoff, and Schwaneberg, Z. physiol. 
Chem. 1936, 238, 183). Its identity with the 
base vovaiiie, obtained bj’ Kutschcr (f.c.) from 
Liebig’s extract, was proved by Krimberg 
(Z. physiol. Chem. 1908, 55, 406 ; Engelahd, 
Bcr. 1909, 42, 2457). 

The free base forms a syrup easily soluble in 
water and alcohol and reacts alkaline. The 
hydrochloride, CjHijOjN-HCI, forms hygro- 
scopic crystals ; (a]j3 =-— 20-9° (c=10 in dilute 
HCl). The nilrale, CjHuOjN-HNOj, cry- 
stallises in needles. The platinichloride, 
(C,Hij03N)j’H2PtCI,, forms orange - red 
prisms, m.p. 2I4“-218° (decomp.). The anri- 
chloridc, CjHj503N-HAuClj, forms citron 
yellow needles and orange necdlc.s or prisms, 
m.p. 153"-154°. There are two double salts 
irilh mercuric chloride, C,Hj303N-2HgClj, 
from the free base and alcoholic nicrcurir 
chloride, m.p. 204‘’-205°, is sparingly soluble 
and crystalli.sos fairly readily; in prc.scnco of 
excess of HCl, CjHjjOaN-HCl-eHgClj, m.p. 
211°-215°, is formed ns an oil cn,’stallising 
with difficulty (Gulewitsch and Krimberg, l.c. ; 
Krimberg, Z. physiol. Chem. 1907, 50, 361). 
Carnitine ethyl ester, CgHjgOjN, is formed 
when an alcoholic solution of carnitine and 
hydrochloric acid is evaporated, and was mis- 
taken by Kutschcr for a new base from meat 
extract under the name oblilinc (Kutschcr, l.c. ; 
Krimberg, Z. physiol. Chem. 1907, 53, 514 : 
1908, 56, 417). The chemical and physiological 
properticsof carnitinonre reviewed by Gulewitsch 
(1927, A, 788). 

Constitution of Carnitine . — On heating with 
baryta carnitine gives trinicthylaniinc and 
crotonic and succinic acids (Gulewitsch and 
Krimberg, Z. physiol. Chem. 1905, 45, 3’20) ; 
on reduction xvith phosphorus and hydriodic 
acid Willstatter’s (Bcr. 1902, 35, 584) y-butyro. 
trimethylbctainc 

CH„CH CO 

I ■ ■ I 

CH.-NMej-O 

is formed (Krimberg, Z. physiol. Chem. 1907, 


CHs-NMeg-O 

(Engeland, Ber. 1909, 42, 2457) ; on heating 
with sulphuric acid at 130° carnitine loses a 
molecule of water giving an unsaturated betaine 
apocarnitine [v. infra). Carnitine is probably a 
hydroxy derivative of a trimethylbetaine. Two 
formula! advanced by Krimberg (Z. physiol. 
Chem. 1907, 53, 514) represented carnitine as 
either a- or jS-hydro.xy-y-butyrotrimethyl- 
betainc, 

CH„CH(OH)-CO CH(0H)-CH2C0 

I “ / or I / 

CHj-NMej-O CHa-NMej-O 

jS-Hydroxy-y-butyrotrimethylbetaine was syn- 
thesised by Rollett [ibid. 1910, 69, 60), Tomita- 
[ibid. 1923, 124, 253), and Engeland (Ber. 
1910, 43, 2705) and said not to be identical 
u'ith aarnitinc. a-Hydroiey-y-biityrotriincthyl- 
betaine, synthesised by Fischer and Goddertz 
(ibid. 1910, 43, 3272), also differs from carnitine. 
This synthesis was questioned by Engeland (ibid. 
1921, 54, 2208) but a new synthesis by Crawford 
and Kenyon (.J.C.S. 1927, 396) who showed that 
this betaine gave carbon monoxide on heating 
with sulphuric acid and not apocarnitine, upheld 
the contention of Fischer and Goddertz that 
carnitine is not the a-hj'droxy compound. Fresh 
evidence presented by Tomita and Sendju 
(Z. physiol. Chem. 1927, 169, 263) suggests that 
carnitine is netiially the jS.hydrox)'betaine. 
They re.solved y-amino-jS-hydroxybutyrie aeid 
into its two optical isomers (four isomers were 
actually claimed, two being subsequcntlj’' proved 
by Bergmann and Lissizyn (Bcr. 1930, 63, 310) 
to bo partial racemates). Exhaustive mcthyla- 
tion of the /-acid gave a betaine with properties 
in complete agreement with those of natural 
/-carnitine. The faihiro reported for the 
previous syntheses of the |8-hydroxybctaine was 
presumably duo to the difference in the proper- 
ties of /- and r-carnitine. 

Acetylcarnitine. — This ba.se, formed by cold 
aretylation of carnitine, has m.p. 145° ,- hydro- 
chloride, m.p. 181° ; chloroauratc, m.p. 128° ; 
chloroplatinatc. m.p. 187° (Krimberg and 
Wittandt. Biochem. Z. 1931, 251, 229). 

apoCarnitine or Crotonbetaine. — This un- 
saturated betaine is formed by heating carnitine 
with sulphuric acid (sec above) and has also been 
isolated from the lysine fraction of the bases of 
Liebig’.s meat extract by Linnoweh who has 
identified it by synthesis ns y-crotonotriraethyl- 
betainc, 

CH:CH CO 

I I 

CHo-NMeyO 

and proposed the name “ crotonbetaine ” for 
the base (Z. physiol. Chem. 1928, 175, 91 ; 176, 
217). The chloroauratc melts at 21.5°-217°, and 
the ethyl ester chloroplatinatc at 223°-225°. 

It is, perhaps, of interest that the saturated 
I)otnine, y-butyrotrimethylbefaine, has also 
been obtained from natural sources (Bricger, 
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“ L'iitorvuiliuii"ci» ubcr Ptomaine,** III, 
HirsehwaM. Berlin. 18SG, Tal^eda, Pflugert 
Arehiv. 1910, 133, 365 ; Engeland and Kuta^er, 
Z phy«iol Cliem 1910, 69, 282; Aekermann, 
Z. Biol 1927, 86, 199). It vaa called adtntw 
by Ackerroann, who i«olated it from Actinia 
c^uina 

The properties of the three bases cainitme, 
crotonbetame, and y butyrobetaine have been 
romp.ired by Linneweh (2. phjsioL Cbem. 1929, 
181, 42, 54 : 182, 8) \V. V. T. 

CARNOSINE. a {fi‘a}anyl)amtno 
aiolyl propionic acid, 

/NH— C CH. CH COOH 
CH^ II I 

— CH NH-CO CH, CH, NH, 

ITiis base was first isolated from Liebig’s extract 
of beef and has since been obtained in varying 
amount from the muscles of many different 
species uicludmg cat, dog, deer, gnu, horse, 
opossum, ov, rabbit, crocodile, rivet eel and 
boa constrictor. It is not present in the muscles 
of the Ihma, crow, goo«e, hen, pigeon, turkey, 
cod, conger eel and dog fish, which contain 
K methi Icamosine.ansenns (o t' ) (Smorodintew, 
Z.nhyoiol Chem. 1913, 87. 20 . 1914.92.19.227; 
Ackermann. Timpc and Poller, tbid 1929, 183, 
1; Hoppe Scjicr, Linneweh and Linneneb, 
iS«f. IW, 27C , Ackermantv and Hoppe-Seyler, 
\hid. 1931. 197, 135 j Wolff and W’llson. J. Biol 
Chem. 1032, 95. 405 : 1933, 109. 56S ; Kapellcr- 
Adler and Haas, Biochem. Z. 1934. 269, 263). 

Carnosine is soluble m water, cryatallisea in 
rosettes of Urge colourless needles, m p. 240'*- 
250* (dceomp ). It has [aJn +21* independently 
of the concentration (Gulenitsch, Z. pbyaiol. 
Chem. 1913, 87, 0], and has a strongly alkaline 
reaction. Ibe vapours of carnosme gne the 
pyrrole reaction with a pine splinter (Gulenitsch. 
ibid. 8) Carnosme may be precipitated from 
an aqueous extract of muscle by a saturated 
solution of mercuric sulphato m 5% sulphuric 
! acid v the precipitation is accelerated by the 
addition of 2 sols, of alcohol and a little ether 
(Dietrich, Z. physiol. Chem. 1914, 92, 212). 
bmorotlinzew {ibid 214) recommends a lO^o 
solution of mercuric sulphate m 5% sulphunc 
neid solution. Carnosme can be isolated by 
precipitation a ith a copper salt as the dfrnahie 
C,H]f NfOj CuO, whuh is crystalline, very 
sparingly Holuble in water, has a dislinctiTc 
blue colour, and ilccomposcs without melting at 
2JU'’ {Jl.authncr, Honofsh 1913,34,883). Jt is 
not obtained in the presence of nitnc acid (eg. 
from carnosinc nitrate and copper carbonate), a 
copper compound containing nitnc acid being 
foTiwHl This compound is aery soluble in 
water, from which it will not crystallise, in- 
soluble m alcohol, and his not the dKlinctiic 
blue colour of the larnosino copper compound 
(Dudley and Tliorpe, iinpubUthedi. The nitrate, 
B HNO], I rystalliscH in 1 irgc stellate rliutcra of 
nwllcs, nip. 219* (docomp,), [a]”* -«-22 2*, 
f =7 S20*. Tlie rotatory power inmasis slightly 
i>ii dilution. It falls to about half its laluo 
in pmcnce of nitnc acid (Culcwitscb, Z 
physiol. Chem. 1913, 87. 1). Tho stfter 
derivatiie and acid double salt with siUcr nitrate 
iloscly' resemble tbe corresponding dcrhatiics of 


arginine (Gulewitsch and Amiradiibl, Bcr IDOO 
33, 1902). 

The nonojiaiianate crystallises with 3H,0 
and melts (anhyd.) at 110* (Langley and 
Albrecht, J. Biol. Chem. 1933, 108, 729), 
The following derivatives and their ineltiii"- 
poults are given by Sraorodiniew, J.C S 1923 
124.1.593); su/pSate, 238*-240“ ; orlhophoephaU, 
203®-207“ ; meiaphosphaU, 200“-203° ; todatt 
188“-190“ ; ozotate, 216®-218* ; iarirale, 193’- 
2<X)® ; phenylearbamido derivalite, 178°-180®. 
j Carnosme is probably identical witb Kut- 
'ocher’s ignotine (Z. Nahr. Genussm. 1903, 10, 
028 ; Gulewitsch, Z. physiol. Chem. 190G 50 
204 ; 1907, 61,238 ; 52, 627). Compare, hov- 
ever, Kutscher (ibid. 1906, 50, 445 ; 1907,5t, 
545). 

When carnosine is hydrolysed by boiling 
with barium hydroxide it yields histidine and 

alanine. That carnosine is ^-alanylhistidins 
IS shown by its synthesis from histidine and 
A lodopropionyl chloride (Bauman and Ing 
laWsen, J. Biol. Chem. 1918, 35, 263). This is 
further proved by its behaviour towards 2 4 5. 
trinitrotoluene (Barger and Tutin, Biochem J. 
1918, 12, 402). It has been synthesised by 
condensmg fl.nitropropionyl chlonde with histi- 
dine methyl ester and reducing the resulting 
products with stannous chlonde and hydro 
chloric acid (idem idid). Jlore recently SrffenI 
and Du Vigneaud (J. Biol Chm 1935,108,733] 
have synthesised carnosine xn 65% yield from 
/ histidine and carbobensyloxy-^ alanine 

The enantiomorph of natural carnosine, i- 
carnosine, has been prepared by a siaihr 
metbod from d histidine by Du ^'igneaud and 
Hunt (tW. 1936, 115, 93). It has [a]” -20 4* 
ui water and melts at 260*. 

The catnceine content of flesh extracts 
be estimated by two colonmetric methoaa 
which control one another ; the one depends 
on the colour yielded by the histidine complex 
In tho carnosine molecule with diaaobenzenr- 
sulphonic acid (Weiss and Sobolev, Biochem 
Z. 1913, 58, 119) ; the other on the violet colour 
yielded by carnosine when boiled with cupnc 
hydroxide, Turth and Hryntschak (ibid. 19H. 
64, 172). The determination of carnosmo by 
the two colour methods is stated by Kuen (\hd. 
1927, 189, 60) to give high results compared 
with methods involving the isolation of the 
cAmosine copper compound. Clifford aud 
Mottram (Biochem. J. 1928, 22. _124C) still 
maint.am that the diazo method is reliable 
It cannot, however, bo regarded as specific sinec 
other Biihstances such as anserine and hi'tiuine 
giie tho reaction. For the determination of 
tamooioe in the presence of these 
aft Kapcller-Adlcr and Haas (Biochem. Z. 1934. 
289,263). M. A. W. and W. \ . T. 

CARNOTITE. A hydrated vanadate of 
uranium and potassium, occurring obunamtlv 
as a bright canary yellow powder diswnunilpj 
111 siiuDtono m western Colorado. C, 

and n. Ciinienge (Conipt. rend. 1899, 128, oJ-). 

hy whom it was first ilescribed and n.ameit (sttcr 
A- Carnot), expressed the composition by t c 
formula K,0-2U,0j-Vj0.,3H,0. 
aiiali'es were made by W, Y. Ililfobrand (Ante . 
J.Sri. 1900, 10. 120). and he concluded that tne 
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mineral is not simple, but a mixture. This view 
is, however, not borne out by T. Crook and G. S. 
Blake {Min. Mag. 1910, 15, 271), who find that 
the material, both from Colorado and from 
South Australia, is definitely crj'stallised as 
minute plates possessing orthorhombic sym- 
raetr}' and with characters analogous to those of 
autunite. E. L. Hess and tV. F. Foshag (Proc. 
U.S. Nat. Mus. 1927, 72, no. 12) from an analysis 
of crystalline material from Utah give the 
formula 3(K20-2U03-Vj05),2H20. 

The carnotite-bearing sandstones occim over 
an extensive tract of country on both sides of the 
Colorado-Utah boundary, the richest deposits 
being in the neighbourhood of La Sal Creek, 
Roc Creek', and Paradox Valley, in Montrose Co., 
and in San Miguel and Dolores Cos., in south- 
west Colorado ; other deposits are met with near 
Coal Creek in Rio Blanco Co. and Skull Creek in 
Routt Co. in north-west Colorado, and at Mauch 
Chunk, Pennsylvania. Jlost of these deposits 
are in Jurassic (La Plata) sandstone, but some 
of those in the N.W. are in sandstones of 
Cretaceous age. They have been mined at 
several spots, and a plant for the extraction 
of uranium, radium .and vanadium salts was 
erected near Cedar in San Miguel Co., Colorado ; 
but the sandstone ore is of a low grade, and the 
difficulties of transport arc considerable. An 
average sample of marketed ore assayed 
UjOg 11-49% and VjOj C-40% (R. B. Moore 
and K. L. Kithil, Bull. U.S. Bureau of Mines, 
1913, 70 ; C. L. Parsons and others, ibid. 1915, 
104). 

In South Australia, at Radium Hill, near 
Olary, camotito occurs as films on the joint- 
planes of a largo deposit of ilmcnite, rutile, and 
magnetite, 

A closely allied mineral, named ferganite 
(I. A. Antipov, 1908 ; Abstr. in Jahrb. Min. 
1909, ii, 38), is a hydrated vanadate of uranium 
with some lithium. It occurs, together with 
other uranium minerals, in prov. Fergana in 
Russian Turkestan. L. J. S. 

CAROB TREE. Locust tree {Ccratonia 
siligua, Fam. Leguminosa:). Widely cultivated 
in Mediterranean countries. The pods (carobs) 
are a food for men and animals, and a syrup 
and also alcohol are prepared from them in 
Sicily. The pods arc generally known as St. 
John’s bread, from n misinterpretation of 
St. Matthew, III, 4. The fruits (without seed) 
contain up tn 30% sugar, the peel 29-34% 
saccharose and 8-5-11% reducing sugars, but the 
proportions vary considerably: The seeds con- 
t.ain mannan and rf-mannosc, formerly described 
.-IS caroubin and airoubinosc respectively (Albcrda 
van Ekenstcin, Compt. rend. 1897, 125, 719). 

CARONE. 


CHMe 



I 1 

H;C CH 

The dicyclic ketone, caronc, CjoHijO, b.p. 
9S=/13 mm., d” 0-955, n" 1-478, [a]p -f 1.34°, 
doc.-> not occur in nature and was first prepared 


by Bacyer (Ber. 1894, 27, 1919) by the action 
of alcoholic potassium hydroxide on dihydro- 
carvone hydrobromide. It can be characterised 
by the preparation of its semicarbazone, m.p. 
167°_169°, or its bisnitroso- derivative, m.p. 
116°— 118°. The oxime of dt-carone is an oil, 
b.p. 130°-132°/12 mm., whilst that prepared 
from d(-carone has m.p. 77°-79°. On reduction 
with sodium and alcohol the oxime yields the 
dicyclic base A-carylamine, b.p. 88°-89°/16 mm., 
Wd -f 72-3° (in alcohol) (Baeyer, Ber. 1894, 27, 
3486), the hydrochloride of which is readily 
isomerised to veslrylamine hydrochloride (I) 
from which carvesirene (II) can readily be 
prepared. By treatment of carylamine sul- 
phate with nitrous acid the secondary alcohol, 

CHMe 

H,C CH-CMe:CH, 

CH;, 

I. 

CMe 

HgC CH 


H,C CH-CMe.-CH, 

x/ 

CH, 

II. 

CHMe 


HjC 




CH-OH 


H,C CH 

CH CMej 

III. 


MejC 


.CH'CO-H 


'CH-COjH 


IV. 


carol (III), b.p. 141°-1427100 mm., dH 0-9181. 
tip" 1-472, [a]p — 42-92°, is obtained (Menon 
and Simonson, J. Indian [Inst. Sci. 1927, 
10, A, 7). This alcohol cannot be prepared by 
the direct hydrogenation of the ketone, fission 
of the cyclopropane ring occurring (Iyer and 
Simonson, J.C.S. 1926, 2049). On oxidation with 
potassium permanganate carone yields a mix- 
ture of cis- and trans- caronic acids (IV) (Baeyer, 
Ber. 1896, 29, 2747), which have been syn- 
thesised by Perkin and Thorpe (J.C.S. 1898, 75, 
48). J. L. S. 

CARO'S ACID. Anhj'dropcrmonosulphuric 
acid, 0(S0j-0-0H)j. 

CAROTENE. The isolation of carotene 
was first effected by Wackenrodor in 1831, who 
obtained the crystalline pigment from the root 
of the carrot. In 1847 Zeise obtained it in 
quantity 8\ifficient for clementarj' analysis 
and proved it to bo a hydrocarbon of the 
empirical formula CjHg, but it w-as not until 
1907 that Willstuttcr and Jlieg (Annalen, 1907, 
355, 1) ascribed to it the true molecular formula 

^4oWsj. 

Carotene is widely distributed throughout 
both the plant and animal kingdoms, its 
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presence in the latter being presumably related months of 35% corresponding to 11-12 orjgen 
to its ingestion in the food. The carotene atoms, to gire a white amorphous product, 
content of ranous plant products is illustrated Baumann and Stcenbock (J. Biol. Chem 1033 
by the following data: 1 g. of pigment is 101, 661) have shown that the degree of, 
obtained from 1 kg. dry earrots (Escher, “Zar antoxidation of solutions of carotene in oil is 
Kenntniss des Carotins und dea Lyeopins,” markedly smaller. 

ZQrich, 1009), 0 15-0 20 g. from 1 kg.ofatmging Hettrogtnexlfj of Plant Carottnt . — Whilst it 
nettles (Willst&tter and StoU “Unterauchungen had been frequently observed that carotene 
0herCbloropbyI!,”Berlin,1913),03g.fromlkg. preparations from different plant sources had 
dry paprika (Capsicum annuum) (Zechmeister different melting points it was not until 1031 
and Cholnoky, Annalen, 1927,455, 20), and 0 3- that Kuhn and Lederer (Ber. 1931, 64, [B], 1349; 
0 6 g. from 1 1^ of green leaves of vanous types, Cf. Karrer, Helfenstein, Wehrli, Picper and 
whilst the richest source appears to be the green Morf Helv. Chim. Acta, 1931, 14, C14) showed 
alga Trtnttpohlia tolilhua (Tischer, Z. physiol, that the pigment exists in isomeric forms. By 
Chem. 1936, 243, 103) which contains 0 3% chromatographic resolution of crystalline earn, 
carotene. Ihe carotene contenta of many teno (set Casotemoids) an optically active 
animal products, for example, of cow and of goat isomer, o-carotene, was isolated together with 
butter (Gdlam and Ileilbron, Biochem. J. 1933. the optically inactive P carotene. Subsequently 
27, 878), of fish liver oils (Schmidt Nielsen, minute amounts (0 1% of total carotene) of a 
Sdrensen, and Trumpy, Norske Vidensk. Selsk. third isomer, y carotene, were detected by 
1932, 5, 114, 118), and of fiah roc (von Euler, application of the chromatographic method 
Card and Hollstrdm, Svensk Kcm Tidskr. 1932, (Kuhn and Broekmann, Ber. 1933, 66, (B), 407) 
44, 101)havcbeenexammcd Zechmeister finds It has been established that the Pisomer 
linochromc . 1 , invariably predominates from whatever sourre 

that the ratio — is between and carotene mixture is obtained; the per 

J ^ ’ centage of o-earotene in the gross carotene 

57:^;- ; thus 6 mg of carotene are obtauied fractions from vanous sources is as follows 
300,000 palm ©il, 30-40%; chestnut leaves, 25%, 

from 2 kg of horse fat and 11 mg from 1 kg. of carrots, 10-20%; mountain ash bcrric*, 15%. 
cow fat. melon, 1%; whilst vanous grasses, spinvth. 

Crystalline carotene is readily obtainable la and nettles contain but traces, 
quantity from carrots (Dauevs tarota), stingmg ^ Carotene . — p Carotene, crjitsl 

nettle (f/r(tc<j), the berries of the mountain ash liscs from ^ mixture of benzene and methyl 
(iS'or6usAuevparia),thegiantpumpktn(Cueur6ita alcohol in which it is less soluble than the e 
maxima), and from palm oil. A typical method isomer, in deep red plates with a violet reflex, 
of isolation of the pigment u given by Will. mp. 183*; it is optically inactive and exhibits 
st&tter and Escher (Z. physiol. Chem. 1010, 64, abrorption maxima at 614, 484 (<^150,000} and 
47) in which dried and minced carrots are 447i«#iin carbon disulphide. \Yiththcnntmiony 
extracted by percolation with bght petroleum, tnchlonde reagent it gives a bine colour which 
Carbon disulpfndo is added to the concentrated hAaanabsorptionmaximumatS90mfi(a carotene 
extract and tho carotene precipitated by the exhibits a maximum under similar conditions at 
addition of alcohol. Carotene obtained by this 542mp, this difference being of great assisUinrc 
and similar methods separates in deep reddish- in identification). With iodine it gives a di 
violet plates, m p 172*-I74", moderately soluble iodide of indefinite melting-point from which sn 
in most organic solvents with the exception of isomencisccarotencisregencratcd.onrcmavBlof 
alcohol. Such preparations exhibit abrorption the halogen 

maxima at 624-510, 490-475m;i in carbon The importance of ^ carotene in the economy 
disulphide; the coBtrntration nl a C3ivte7>e of bh bes in tbo fact that it can replace the 
solution can be estimated from the intensity of vitamin A of bver oils, 1-cing converted into tho 
absorption. For a rapid assay of carotene latter in the animal organism (see Carotenoids) 
solution*, however, simpler methods are avail- Although several of the degradations which 
able which depend upon matching the colour have led to the cstablidiment of the structure of 
of a carotene solution against a known standard. P-carotene were earned out on matenal whiih 
Willstfltfer and Stoll (“ Untersuchungen uher was subsequently shown to be a mixture, the 
Chlorophyll.” Berbn, 1913) used 0 2% aqueous ovidenco obtained therefrom is effective becau'o 
potassium dichromate which in a layer 100 mm. it has been estabbshed that p carotene was the 
thick IS equivalent to a similar layer of a carotene preponderating component of tho mixture 
solution containing 0 0268 g m 1 btre of employed. 

light petroleum Kuhn and Broekmann (Z. p-Carotene contains 11 cthjlcnic linlispcs 
physiol. Chem. 1932, 206, 41) have found that (Zechmei»ter, Cholnoky and Vrab^Iy, Ber. 1928, 
an alcoholic solution of azobenzene gives a 61,(B},660; 1933, 66, [B], 123), andis therefore 
better comparison; a solution of 14 6 mg. dicyebe; the presence of 6 extra-chain methyl 
azohenzenc in 100 ce. 95% alcohol is colon- groupa of the type =CMe— was establishcil hy 
metrically equivalent to one containing 0 235 drastic chromic acid oxidation (Kuhn and 
mg. carotene in 100 c.c. light petroleum. L’Orsa, Z. angew. Chem. 1931, 44, 847 ; Kubti 

Carotene oxidises rapidly on exposure to air and Roth, Ber. 1033, 66, [B], 1274). Thcnlcntifi- 
either in the sobd stale or in solution. In the cation of the fragments obtained by oxidation of 
case of crystalline carotene WiUstStter and carotene with potassium permanganate and 
Escher (fc.) observed an oxygen intake of with ozone has been of great value in the 
0 3% after 5 days, and finally after several sttnctural study of the pigment. Oxidation of a 
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solution of carotene (mainly the /5-isomer) in 
benzene solution with cold aqueous potassium 
permanganate gives aa-dimethylglutaric acid, 
ao-dimethylsuccinio acid, and dimethylmalonic 
acid (Karrer and Helfenstein, Helv. Chim. Acta, 
1929, 12, 1142) whilst ozonolysis of the pigment 
yields geronic cid (Karrer, Helfenstein, Wefarli 
and Wettstein, ibid. 1930, 13, 1084). The 
identification of these degradation products 
clearly indicates the presence of at least one 


^-ionone ring system. A repetition of the 
ozonolysis experiment using pure /5-carotene 
showed that 16% of the calculated yield of 
geronic acid was obtained assuming that 
^-carotene contains two ^-ionone ring systems. 
At the same time, it was ascertained that 
/5-ionone itself gives 19-4% of geronic acid under 
similar conditions (Karrer and Morf, ibid. 1931, 
14, 1033), and hence the presence of two ^-ionone 
rings in ,6-carotene was established. 


CMe, 



H,C CMe 
CH^ 

^-lonone fragment. 


KMn 04 


CMej 

HjC CO^H 
H-C 

COjH 

aa-Dimethylglutaric 

acid. 


CMe, 


h,c5^ 


\ 


HjC 


COMe 

X/' 

CHj 

Geronic acid. 


From this data the symmetrical structure for 
^-carotene (I), j). 396, was postulated, the 
detailed structure of the polyene chain, in so far 
ns the location of the methyl group attachments 
is concerned, being mainly based upon a high 
degree ofprobabiUty. 

The symmetrical structure (I) has recently 
been confirmed by Kuhn and Brockmann 
(Annalen, 1935, 516, 95) by means of an 
elegant series of degradation experiments, hlild 
oxidation of /S-carotene udth chromic acid gives 
a dibydroxy-/5-carotene (II) the constitution of 
which is established by its oxidation with the 
Criegee reagent to 6emi-/5-carotenone (III). 
Controlled oxidation of either dihydroxy-^- 
carotene or of semi-/5-carotenonc with chromic 
acid gives ^-carotenono (V), also obtained by 
the direct oxidation of /S-carotene. An inter- 
mediate in the oxidation of semi-^-carotenone 
to ^-carotenono has been isolated by the mild 
chromic acid oxidation of dihydroxy-^-carotene ; 
this is formulated as a dihydroxysemi-^- 
carotenonc (IV), since on oxidation with lead 
tetra-acetato it gives ^-carotenone. 

Further oxidation of either /5-carotenone, 
dihydroxysemi-^-carotenone, semi-^-carotenone, 
or of dihydroxy-^-carotene with chromic acid 
gives ;8-carotenone aldehyde, CjjHjgOj (VI), 
which is also obtained by the direct oxidation of 
/5-carotene. The identity and symmetrical 
distribution of the two ring systems of ^-carotene 
is satisfactorily confirmed by the non-occurrencc 
of isomerides of the first four oxidation products 
(II, HI, IV, V) of the pigment, and by the 
establishment of the function of the oxygen 
atoms present therein, whilst the complete 
symmetry of the polyene chain of the hydro- 
carbon follows from the fact that one and only 


+ 


HjC 


CMe 


+ 


CMe, 


CO^H 


HOjC 




CO„H 


HOjC 

aa-Dimethylsuccinic 

acid. 


Dimethylmalonic 

acid. 


one /3-carotenone aldehyde is obtained from the 
hydrocarbon and its first four oxidation products. 

/3-Carotenone aldehyde gives 4 mols. of 
acetic acid on drastic oxidation, from yvhich it 
follows that its polyene chain carries three 
methyl group attachments, 1 mol. of acetic 
acid being ascribed to the terminal acetyl group. 
Without making an assumption regarding the 
location of the methyl group attachments in, 
the polyene chain, it is clear that the formation 
of /3-carotenone aldehyde from either /3-carotene 
or /3-carotenone is effected by chain fission 
between Cg and C^ (or between and Cjg). 
Since ^-carotenone aldehyde contains only three 
methyl group attachments in the polyene chain 
it follows that one of the four /5-carotene extra- 
chain methyl groups is attached between the 
^-ionone ring A and C., and another between the 
P-ionone ring B and Cjs- 

/8-Carotenone aldehyde gives a dioxime with 
excess and a monoxime with 1 mol. of hydroxyl- 
amine ; the latter is a mixture of keto.xime and 
aldoxime and gives on dehydration a mi.xture of 
unchanged ketoxime and a nitrUe which are 
separable chromatographically. Controlled 
hydrolysis of this nitnle gives an amide (VH), 
which is identical yyith anhydroazafrinoneamide 
prepared from azafrinone (VIII) by successive 
treatment with thionyl chloride and ammonia, 
followed by cyclisation of the l:6-diketone 
system with alkali. /3-Carotenone aldehyde is 
thus the aldehyde of azafrinone and the polyene 
chain of azafrin (IX) must be identical with part 
of that of /5-carotene ; evidence concerning the 
polyene chain of azafrin can now be directly 
applied to that of /S-carotene. 

Oxidation of the methyl ester of azafrin gives n 
mixture of two aldehyde esters, azafrinal-I 
methyl ester (X). CjjHjjOj, and azafrinal-II 
methyl ester (XI), CjjHieOj, both of which 
contain two extra-chain methyl groups. Tho 
formation of the former is consequent upon 
rupture of the azafrin polyene chain between 
Cj and C4, and of the latter upon rupture 
between C5 and Cg. Since both aldehydes 
contain only two extra-chain methyl groups, the 
third extra-chain methyl group of azafrin must 
be located between the ring and C4, a con- 
clusion in harmony with that arrived at from 
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H.C CMe OH 


^ CMe. 

C CH, 

1 ) 1 

MeC CH, CHCH CHeCH CHCHO CHCHCHtCHO 
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H,C CO— CH.CH CMe.CH CH.CH CMe.CH CH.CH CH CMe CH CH CHO 

H,C COMe 

CH, VT. ^-Cuottnone eMehyik. 


P=the poljcoe ebain (C, — C„) in p carotene. 

P*®i tbe polyene ebain (C, — C,,) in p carotenone aldebytle. 
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B consideration of j3-carotenone aldehyde. 
Furthermore, since azafrinal-II is an aldehyde, a 
motliyl group cannot bo attached to Cg, so both 
methyl groups of the azafrinals-I and -II must 
ho attached between C7 and C^,. Thermal 
decomposition of azafrin gives m-toluic acid, 
m-xylene, and toluene, from which it is clear 
that a methyl group must be attached at either 
Cjo or Cjj, a conclusion necessitating a sym- 
metrically attached methyl group at either C, 
or C, respectively; t.e. the polyene chain of 
azafrin has methyl group attachments at either 
Cj and Cjo or C, and Cij. The former arrange- 
ment, however, does not allow of the interpreta- 
tion of the formation of m-xy]onc by thermal 
decomposition of azafrin ; consequently methyl 
groups must bo attached to Cjj and C7. 
The formation of m-xylene from azafrin now 
requires that the third methyl group of its 
polyene chain is attached to C3. The sym- 
metrical nature of the j8-carolenc chain locates 
the remaining extra-chain methyl group at 
Cjg ; therefore the pol3’cne chain of ^-carotene 
carries methyl group attachments at Cj, C, 
C]2, and Cjg, and the symmetrical structure (I) 
for ^-carotene is experimentally confirmed. 

a-Carotene, CjoHgg, crystallises from a 
mixture of benzene and methyl alcohol in deep 
red prisma, m.p. 187°-188“, -1-385° (in 

benzene) ; absorption maxima 607, 478 (e= 
130,000), and 446m/z in carbon disulphide. 
With antimony trichloride in chloroform solu- 
tion it gives a blue solution exhibiting an 
absorption maximum at 542mfi. Ozonisation 
of a-carotono yields tsogeronic acid, in addition 
to geronio acid, and as the optical activity 
indicates asymmetry Karrer proposed the 
stnicturo (XII) for the pigment (Helv. Chim. 
Acta, 1933, 16, 975). o-Caroteno can replace 
vitamin A in the diet of animals ; in consequence 
of the fact that it contains only one |3-ionono 
fragment, its physiological activity is only half 
that of j9-carolene (Kuhn and Brockmann, 
Annalen, 1935, 516, 95). 
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Various oxidation products of a-carotono have 
been described (Karrer, Solmssen and Walker, 
Helv. Chim. Acta, 1934, 17, 417; Karrer, 
von Euler, and Solmssen, ibid. 1934, 17, 
11G9). 

Y-Carotenc, C^jHjj, crystallises from a mixture 
of benzene and methyl alcohol in deep red prisms 


with a blue reflex. It exhibits absorption 
maxima at 533, 496, and ‘IQSmft in carbon 
disulphide. Kuhn and Brockmann (Ber. 1933, 
66, [B], 407) showed that y-carotene absorbs 
12 mols. of hydrogen on catalytic hydrogenation, 
and that ozonolysis yielded 1 mol. of acetone 
and 1 mol. of geronio acid, from which data 
thej' have proposed the monocyclic structure 
(Xill): 


Hj,C 


CMe, 


-HC 


CMe, 

V 

CH 


HjC 


CMe 


MeC 


CH, 




CH, 


XIII. y-Carotene. 


This formulation is supported by the physio- 
logical activity of the pigment, which is equal 
to that of a-carotene. 

isoGaroiene or S-carotene, C^gHjg, does not 
appear to exist in nature. It is prepared by 
the decomposition of )5-carotene di-iodide, with 
sodium thiosulphate and forms violet crystals, 
m.p. 180°-181°, from a mixture of benzene and 
methyl alcohol (Kuhn and Lederer, Ber. 1932, 
65, [B], 637). Karrer, Schopp, and Morf (Helv. 
Chim. Acta, 1932, 15, 1158), however, give m.p. 
192°-193° for isocarotene ; they report that it 
contains 12 ethenoid hnkages, and that ozone 
gives neither geronic nor tsogeronic acids, 
indicating the absence of both the a- and the )?- 
ionone ring systems. 

pseudo-a-Carotene. — By repeated chromato- 
graphic adsorption on alumina, )3- carotene is 
isomerised to pseudo-a-carotene, m.p. 166°, 
which on re-adsorption is partially reconverted 
into fl-carotene ; pseudo-a-carotene is spectro- 
scopically identical with a-carotene, but differs 
' from it in being optically inactive. Catalytic 
hydrogenation indicates that the new isomeride 
contains eleven ethenoid linkages, absorption 
spectra data showing that only ten of these 
arc conjugated (Gillam and El Ridi, Biochem. 
J. 1936, 30, 1735). 

I. M. H., R. F. P., and F. S. S. 

CAROTENOIDS (lipochromes, pol3mn0 
pigments ; see also wider individual pigments, 
AJgoe, and Vitamin A). The carotenoids com- 
prise a class of bright 3-ellow to violet pigments 
widely distributed in both the vegetable and 
animal kingdoms. They are insoluble in water 
but frecl3' soluble in the usual lipoid solvents 
(hence the alternative name lipochromes). 
Further, they are characterised by their sensi- 
tivity to oxygen, by' which they are bleached, by 
the blue colours which they give with concen- 
trated sulphuric acid, and by their well-defined 
absorption spectra. They are either hydro- 
carbons or ox3'genated derivatives thereof ; no 
naturally occurring carotenoids are known which 
contain other elements. The name carotenoid 
is derived from the orangc-3'ellow pigment 
carotene first obtained from the carrot (Daiiciis 
carola) hy' Wackenrodcr in 1831 (c/. Tswett, 
Ber. deut. hot. Ges., 1911, 29, 630). 

The first investigations of chemical significance 
are due to WiUstatterand his collaborators, who 



CAROTENOIDS. 


daring the jcats 1906-19U isolated eevetalof 
the more common carotenoids in cryatallme 
form and e<tabhshed their empirical formul*. 
Thus Willstatfer and Mieg (Annalen. 1907, 355, 
1) showed that carotene is a hydrocarbon, 
CjjHjj, and demonstrated that it also accom- 
panvc'- chlorophjU in green leaves. WillstStter 
and Eseber (Z physioL Chem. 1910, 64, 47) 
showed that lycopene, the pigment previously 
isolated from the npe tomato by JliUardet, is 
an isomer of carotene. An oxygenated member 
of the senes, leaf xantbophyll, was 

isolated by Willst^Uer and Mieg (t e.) who found 
that it accompanies chlorophyll and carotene 
m leaf foliage. The yellow lipochrotne of egg 
yolk, lutein, CigHj^O,. was shown to be closely 
related to, if not identical with, leaf xanthophyU 
flViUstStter and Eschcr, Z physiol Chem. 1912, 
76, 214). 

Of other pigments desenbed at this period, 
mention may be raadeof fucoxanthin, C^oHj^Oj, 
obtained from Fiicus xts^cvloaus.a. mcmlier of 
the brown alga (WiUstattcr and Page, Annalen, 
19M, 404, 237 ; for a complete renew, see 
WilUlMtcr and Stoll, " Unterauchungen uher 
Chlorophyll,” Berlin, 1913; and “Unterauch- 
iingen iiber Assimilation der Kohleneafire,” 
Berlin, 1918). 

The rational development of the chemistry 
of the carotenoid pigments after this preliminary 
penod of uoUtwn and charactensation was 
made possible by the introduction of the method 
of (jusntitatire catalytic hydrogenation; by 
this method. Karrer and Widmer (Helv. Chim. 
Acta, 1928, 11, 751) found that lycopene absorbs 
13 mols. of hydrogen yielding a paraffin hydro 
carbon, CigH|], from which it followa that 
lycopene must be acyclic. In the same way. 
Kuhn, Winterstein and Kaufmann found that 
lutein IS dicyclic(Ber 1930, 63, [B], 1489). The 
more important of the subsequent investigations 
which led to the elucidation of the structure of 
the carotenoids uicl<;de,ontheon«hand, aetndy 
of the synthetic diphenylpolyenes (Kuhn and 
Winterstein, Ilelr. Chim Acta, 1928, 11, 87, 
427 , 1929, 12, 809) which efiected a conviation 
of colour with the degree of conjugation, and on 
the other, the oxidation (ozone and potassium 
permanganate) experiments of Karrer, to which 
more specific reference will be made later. 

Contemporaneously, a method was being 
refashions and applied to the study of caro- 
tenoids which was to exert a profound influenco 
upon the future development of the subject. 
In 1906 Tawett observed that when a solution 
of a carotenoid mixture in a non-polar solvent 
is filtered through a column of an adsorbent 
such as calcium carbonate, the components of 
the mixture orient themselves as separate 
coloured zones easily identified on the white 
adsorbent. The definition and individuality 
of the zonea is increased by continued washing 
with the pure solvent (" development of the 
chromatogram ”), after which they are separated 
mechanically and the pigments extract^ from 
the adsorbent. In addition to its value as a! 
.^meana of resolution of carotenoid mixtures the' 
mcthcxl also provides constitutional information 
in so far as it is cstabhshed that hydroxjlated 
carotenoids are considerably more strongly 


adsorbed than are the hydrocarbon pigJBt;\^^_ 
and secondly that the location of the pigmented 
zones upon the chromatogram is dependent 
upon the magnitude of Iwth the total and 
conjugated unsaturation of the difi'ercnt pig. 
ments. 

The most useful adsorbents for chtomsle. 
graphic resolution of carotenoid pigments iro 
alomma, calcium hydroxide, calcium carbonate, 
and magnesia. After the mechanical separation 
of the coloured zone of the developed chromato- 
gram, the pigment is isolated by extraction vilh 
methyl alcohol, and a further punfication 
effected by a repetition of the process with each 
of the components A final purification h 
achieved by crystallisation. A complete account 
of the varying techniques and appLeatlons of 
chromatography is to be found in the 
monograph by Zechmeiater and Cholnoiy, 
"DieChromatographische Adsorptionsmethode," 
Vienna, 1937. The variation in the tenacitj: 
with which a group of carotenoids is held by 
adsorbents is illustrated in Table 1 (Winterstcm. 
"Klem’s Handbuch der Pflanzenanalyse,” 
Vienna, 1933, 11, 1403). It U to be noted that in 
the case of the xanthophylls, the more heavily 
oxygenated the pigment, the more strongly is it 
adsorbed, whilst hydrocarbons are relatively 
weakly adsorbed. In this respect, completely 
estenfied xanthophylls are intermediate between 
■ the hydrocstbons and the xanthophylls. 


MvtiU Light paro^eum. ASnthing ntite 

More Puceranthln ■) 

stroDeh- Xiolaiscthm I 

adsorbed Taiaxanthin LCatciam 

FJaioxsnthIn fCarbonite 

ZesxsDtbin 
Lutein } 

MrSmiy ycSS. iHid,,. 

adsorbed Carotene learboos 
a Carotene i 

A preliminary partial separation of the com 
ponents of a carotenoid mixture is often possible 
by partition between two non-mlscible solvents 
Thus, when a mixture of pigments is shaken with 
light petroleum and 80-90% methyl alcohol, 
the hydrocarbons and esters in general partition 
into the light petroleum phase (epipliasic pig- 
ments) whilst more strongly hydroxy lated com- 
ponents pass preferentially into the alcohol 
(bypophasic pigments). The method is illus- 
trated by the appended scheme (Table II) for 
tbe separation of a mixture of a- and carotenes 
lycopene, lutein and its esters, zeaxanthin and 
Its esters, violaxantbin and its esters, crocetin, 
and chlorophyll (Kuhn and Brockmann, Z 
physiol. Chem, 1932, 206, 41). 

The methods which are briefly sketched m 
Table II have for the most part been of m- 
csUmable service in the isolation and purw- 
cation of carotenoid pigments. The study of the 
Lght absorption properties of the carotenoid*- 
on the other hand, has been of more fundamental 
value in the constitutional study of these pig 
menfa. In by far the greater number of the 
carotenoids the chromophoric group responsible 
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Tabi.k II. — Mixture Partitioned between 
Light Petroleum and 90% Methanol. 


Light petroleum phase. 

Methanol phase. 

a- and ;8-Caroteijcs, lyco- 
pene, xautho])hyU - 

esters and chlorophyll. 
Saponilied and reparti- 
tioned between iight 
petroleum and 90% 
methanol. 

Free lutein, zeaxanthin, 
violaxanthin, crocetin, 
and chlorophyll (traces). 
Mixture saponified, di- 
luted with an equal 
volume of water and 
again extracted with 
light petroleum. 

Light 

petroleum. 

Alcohol. 

Light 

petroleum. 

[ Alcoholic- 
aqueous 
alkali. 

a- ami /?- 
Carotenes 
Lycopene. 

Diluted 
and ex- 
tracted 
with iight 
petroleum : 
Lutein 
Zeaxanthin, 
Viola- 
xanthin. 

Lutein. 

Zeaxanthin 

Viola- 

xanthin. 

Chlorophyll 
and eroce- 
tin. Aeidify 
and extract 
with iight 
petroleum : 
Crocetin. 


for the selective absorption of light and conse- 
quently for the colour is the conjugated polyene 
chain. It is well established that an increase 
in the number of conjugated linliages is accom- 
panied by a displacement of the absorption 
maxima towards the red end of the speetrum. 
Conversely, a knowledge of the location of the 
absorption maxima of a carotenoid allows of a 
prediction of the nature of the chromophoric 
group. It is not possible in this review to 
recount the various r61es played by spectro- 
scopy in carotenoid chemistry ; it must suffice 
to c|uoto the absorption maxima of a series of 
carotenoids and their derivatives (Table III) 
in which the effect of alteration of the chromo- 
phoro upon the location of these maxima is 
apparent. 

Table III. 


Ciiroinophore.* 

Carotenoid. 

Optical maxima 
(in carbon 
disulphide). 

10 1= 4 C:0 

Lycopcnal 4 

509, 528-5, 493-5. 

n 1= 

k:' + 9]=+C:0 

Lycopene ^ 

548, 507-5, 477. 

Oapsanthln ® 

543, 503-5. 

t:' + 91:+C;0 

Scini-j8- 

carotenone * 

538,499. 

C;0 + 9t:+C:0 

P'Carotenone ® 

538, 499. 400. 

C:0 + 9 t= +C;0 

Capsoruhln ’ 

541-5, 503, 408. 

C.0 + 9l:-i-C;0 

Bixin dinldc- 
hyde = 

539-5, 502, 407-5. 

0I:-(-C:O 

SomLa- 

carotenone ® 

533, 499. 


y-Carotenc ’ 

533-5, 490, 403. 


fl-Carotene ® 

520, 484, 452. 

f:'+9t: 

a-Carotcnc ® 

511, 478, 400. 

Op 

Oxy-a- 
Caroteiie “ 

502, 471, 440. 


* f: ' Indicates a conjugated cyclic etlicnold linkage. 

i Kuhn and Grundmann, Ber. 1032, 65, [B], 898. 

* Idem., ibid. 1932, 65, IB], 1880. 

’ Zcchmelst cr and Chomoky, Annalcn, 1935. 616, 30. 
. Kuhn and Brockmann, Bcr. 1933 66, [B], 1319. 

‘ Idem., ibid. 1932, 65, IB], 898. 

' Karrer and Solnisscn, Hclv. Chlra. Acta, 1935, 18, 
25. 

’ Kuhn and Brockmann, Ber. 1933, 66, 407. 

® Kuhn and Lcdcrcr, Z. phvslol. Chem. 1931, 200. 

240. II. 

* Karrer, Kulcr, and Solmssen, Hclv. Chlin. Acta, 
1934, 17, 1109. 


Molecular Structure of the 
Carotenoids. 

A. Plant Carotenoids. — Hydrocarbons . — 
Carotene {q.v.) The tomato pigment lycopene 
has the acyclic structure (I) p. 400 (Karrer and 
Widmer, Helv. Chim. Acta, 1928, 11, 751 ; 
Karrer and Bachmann, ibid. 1929, 12, 285 ; 
Karrer, Helfenstein and Wehrli ibid. 1930, 13, 
87 ; Karrer, Helfenstein. Wehrli and Wettstein, 
ibid. 1930, 13, 1084 ; Karrer, Helfenstein, Pieper 
and Wettstein, ibid. 1931, 14, 435). 

Alcohols or Xanthophylls . — ^The leaf xantho- 
phyll described by WDlstatter and hlieg (l.c.) 
is a mixture, the principal component being 
identical with the pigment from egg yolk (Kuhn, 
Winterstein, and Lederer, Z. ph3'8iol. Chem. 
1931, 197, 141). The name lutein is retained 
for this latter lipochrome, the term “ xantho- 
phyll ” being used to designate the carotenoid 
alcohols as a class. Three monohydroxy xantho - 
phylls, C40H58O, have been characterised. 
Kryploxanlhin (II) occurs in berries of the 
Physalis species (Kuhn and Grundmann, Ber. 
1933, 66, [B], 1746) in yellow maize (ibid. 1934, 
67, [B], 593) and in the orange. Citrus Aurantium 
(Zechmeister and Tuzson, ibid. 1936, 69, [B], 
1879), rubixanthin (III) is obtained from the 
hips of the dog-rose (Rosa canina) (Kuhn and 
Grundmann, ibid. 1934, 67, [B], 339, 1133), and 
lycoxanlhin (VII) from bitter-sweet (Solanum 
Dulcamara) (Zechmeister and Cholnoky, ibid. 
1936, 69, [B], 422). 

With the exception of carotene, the most 
abundant lipochrome pigments found in nature 
are the dihydroxyxanthophylls ; lutein (V) (Khhn, 
Winterstein and Lederer, Z. physiol. Chem. 
1931, 197, 141) is found in leaf foliage and in egg- 
yolk, whilst the isomeric zeaxanthin (see p. 273) 
also occurs in many species of leaves and fruits. 
It is most readily isolated from maize (Zeo 
Mays) (Karrer, Wehrb', and Helfenstein, Helv. 
Chim. Acta, 1930, 13, 268,; Kuhn, Winterstein, 
and Kaufmann, Ber. 1930, 63, [B], 1489). The 
aliphatic analogue lycophyll (VI) has recently 
been isolated by Zechmeister and Cholnoky 
(ibid. 1936, 69, 422) from bittersweet (Rolanum 
Dulcamara). 

Owing to their relative inaccessibility xantho- 
phylls containing 3 oxygen atoms have not 
been investigated in any great detail. In the 
case of flavoxanthin, C4(|H5803, which is 
obtained from the buttercup (Ranunculus acer), 
the 3 oxygen atoms have been characterised 
ns hydroxyl groups (Kuhn and Brockmann, 
Z. physiol. Chem. 1932, 213, 192). Anlhera- 
xanthin, from the pollen sacs of the tiger lilj- 
(Lilium ligrinum) (Karrer and Oswald, Helv. 
Chim. Acta, 1935, 18, 1303) and petaloxanthin, 
from the blossomof Cucurbita Pepo (Zechmeister, 
B6res, and Ujhclyi, Ber. 1936, 69, [B], 573), both 
of which are formulated as C40H55O3, have been 
described. 

Two tetra-oxygenated xanthophylls have been 
reco^'sed in violaxanthin, C40H55O4, most 
readily obtained from the pansy ( Viola tricolor) 
(Kuhn and Winterstein, ibid. 1931, 64, 320 ; 
Karrer and Solmssen, Helv. Chim. Acta, 1936, 
19, 1024), and taraxanthin, C4QH56O4, from 
the dandelion (Taraxacum officinale) (Kuhn 
and Lederer, Z. physiol. Chem. 1931, 200, 108). 
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Of tlic more lugl)l.V oxj-genated mcmbeis of 
this series mention may be made of tlie algal 
carotenoids fvcoxanihhi, C^gHjjOg, the cha- 
racteristic pigment of brown seaiveed (see 
Ata.t:) (Willstaftcr and Page, Annalen, 1914. 
404-, 237 ; Heilbron and Phipers, Biochem. .T, 

1935, 29, 1369), and mi/xoxanthoplnjll, 

^40^50*^7 (Heilbron find Lythgoc, J.C.S. 

1936, 1376) from Oscillaloria rubrescens, a blue- 
green alga. 

Esters . — ^Thc xnnthophylls e.\isb in the plant 
cell both free and as esters of the fatty acids. 
Thus -physalun (VH), the dipalmitate of zea- 
.\anthin (p. 273), tvas isolated by Kuhn and 
Wiegand, (Helv'. Chim. Acta, 1929, 12, 499) from 
the berries of the Physalis species, and helenien 
the dipalmitate of lutein, from Helenimn 
avtumnale (Kuhn and Winterstein, Naturwiss. 
1930, 18, 754). 

Ketones . — The pigment of the red yew berty 
(Taxus baccata) has been shoun to be a diketonc, 
rhodoxanthin (XI) (Kuhn and Brockmann, 
Ber, 193.3, 66, 828). Zeehmeister and Cholnoky 
(Annalen, 1934, 509, 269 ; 1935, 516, 30) have 
shotvTi that two closely related hydro.xy-ketones, 
capsanthin and capsorubin (sec p. 273), occur 
together with zeaxanthin in Spanish red pepper 
or paprika (Capsicum annuum). Two ketonic 
carotenoids have recently been isolated from 
lower forms of plant life — myxoxanthin (IX) 
from the alga, Oscillatoria rubrescens (Heilbron 
and Lythgoe, l.c.), and euglenarhodone (X) from 
Euglcna satiguinca (Tischer, Z. physiol. Chem. 
1936, 239, 257). 

Plaril Lipochromes of Molecular Complexity 
less than C4g. — The carotenoids described above 
ail contain 40 carbon atoms in the molecule. 
Several naturally occ\irring carotenoids, how- 
ever, have been isolated which are of con- 
siderably lower molecular complexity. With the 
c.xccption of citraurin, recently isolated from 
the orange (Citrus Aurantium) (Zeehmeister and 
Tuzson, Ber. 1936, 69, 1878) and which is pre- 
sumed to bo an aldehyde, these related pig- 
ments are carboxylic acids. Bixin, CjgHjpOg 
(see Vol. I, p. 378), is the colouring matter of 
annatto seeds (Bixa Orellana), and crocett’w, 
C20H24O4 (XII) is the pigment derived from 
satlran (Crocus sativus) (Karrer, Benz, Jlorf, 
Knudnitz, Stoll and Takahoshi, Helv. Chim. Acta, 
1932, 15, 1218, 1399 ; Kuhn and Winterstein, 
Ber. 1932, 65, 046 ; Karrer and Salomon, Helv. 
Chim. Acta, lOp, 10, 397). Azafrin, CajHjgOj I 
(.sec p. 390), is isolated from the azafraniho root | 
(Escobedia scabrifolia) (Kuhn and Dcutsch, 
Ber. 1933, 66, 883 ; Kuhn and Brockmann, 
Annalen, 1935, 516, 95). Kuhn and Winter- 
stejn (Ber. 1932, 65, 646 ; Xaturwiss. 1933, 21, 
527) have suggested that the true carotenoids 
(C40) and those of smaller complexity are 
phytochcmicnll3' related in that the latter arc 
formed bj' the oxidation of the former. This 
relationship is pictoriallj’ illustrated at top of 
next column. 

It is of great interest to note that the degrada- 
tion both of Ivcopene to norbixin (Kuhn and 
Grundmann, Ber. 1932, 65, 898, 1880) and of 
to a derivative of azafrin (Kuhn 
and Brockniann, ^Innalen, 1935, 516, 95) have 
been expcrimcntallj' realised. 
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Animal Carotenoids. — The extensive re- 
searches of Zeehmeister and his collaborators 
have shown that the more abundant carotenoids 
of mammalian tissue are the carotenes, lutein, 
and zeaxanthin, which are the typical caroten- 
oids of green foliage. Only in the lower forms 
of animal life are distinct carotenoids found 
which so far have not been detected in plant 
tissue ; thus astacin (see Vol. I, p. 532) is the 
characteristic pigment of tlie crustaceso (Kuhn 
and Lederer, Ber. 1933, 66, 488 ; Karrer and 
Benz, Helv. Chim. Acta, 1934, 17, 412 ; Karrer 
and Loewe. ibid. 745 ; Karrer, Loewe, and 
HUbner, ibid. 1935, 18, 96). 

The sea anemone (Acthiia equina) contains a 
xanthopliyll-ester, actinioerythrin, hj’drolj’sis of 
which gives the pigment violerythrin (I’abre 
and Lederer, Bull. Soc. Chim. biol. 1934, 16, 
105 ; Heilbron, Jackson, and Jones, Biochem. 
J. 1935, 29, 1384). Many other animal caro- 
tenoids such as cynthiaxanthin, ghjcymerin, 
pentaxanthin, peclenoxanihin, and eckintnone 
have been described in the last few years, but the 
nature and even the entity of many of these is 
doubtful (see Lederer, “Les Carotenoids des 
Animaux,” Paris, 1935, for a more complete 
review). 

Carotenoids of Bacteria. — Khodovibrio- 
bacteria (purple bacteria) contain a series of 
carotenoid pigments. Of these, only rhodo- 
violascin, has been clearly character- 

ised. It is of great interest in being the onh' 
non-hj-drolysable carotenoid pigment so far 
isolated which contains more than 40 carbon 
atoms. The two extra carbon atoms arc present 
as methoxyl groups (Karrer and Solmssen, Helv. 
Chim. Acta, 1935, 18, 1306 ; 1936, 19, 3). 

Biosynthesis of the Cahotenoids. — ^T wo 
general principles of carotenoid chemistry are 
to be noted from a study of the molecular 
formulae (I)-(X). First, they all contain a 
long chain of conjugated ethj'lenio linkages, 
in most cases terminated by an ionone rfng. 
Secondly, the polyene chain can-ies methyl 
group attachments, at regular intervals, in such 
a manner that the whole molecule can be dis- 
sected into isoprenc units. The carotenoids are 
thus poljderpenoid in nature. From the com- 
plete symmetry of the lycopene molecule, it is 
clear that the fusion of eight isoprene units 
cannot be effected in the normal “ head-tail ” 
manner but rather bj’- such a condensation of 
four units and theself-rondensation of two of the 
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Cj5 frngmenls so formed. Willi this in tuind, by the condensation of 2 mols. of the alJehjde 
Karrer, IIclfenatein.\\ehrli,andWettsteui(Helv. (XHI) related to phjtol (XII) (Fischer anil 
Chim. Acta, 1930, 13. 10S4) suggested that the Loweiiberg, Annalen, 1929, 475, 183) foUo^fj 
phjtosjnthesis of carotenoids may be effected by dehydrogenation to give lycopene. 


CHMej 




H.C' CH. CH, CH, CHMe CHj CH* CHj CMe.CH CH* OH 

■| 1 

HjC CHMe 

XII. Pbjtol. 


CHMe. 




H.C' CH, CH.CH.CHMeCH.CH.CH.CMeCH CHO 

I I ■ 
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^Ch^ XIII. 



P-lbe pobene chain (C|—C|,) In pcaroUne (p 50C) 


I’llYSlOLOOlCAt lilPOBTAhCE OF THE CaRO* 
TEhOiDS — ^Thc extcnsii e ms cstigations of Steen- 
bock and his collaborators (Stecnbock, Science, 
1019,50,332; Stecnbock and Bouttrell, J Biol. 
Chem 1020, 41, 81, 131 , Stecnbock and Sell, 
ibid. 1022, SI, 63) indicated a connection 
between the vitamin A nctiMty of plant 
materials and their carotene content, but it 
uas not until 1020 that full substaatution of | 
Stcenbock's viciv nas forthcoming from the 
experiments of von Euler, nho proved that 
larotcnc can replace vitamin A in the diet of 
animals (von Euler and von Euler, Svensk Kem. 
Tidskr 1928, 40, 242 ; von Euler, von Euler, and 
Hellatrom, Biocheni Z 1928, 203, 370; von 
Euler, von Euler, and Karrcr, Helv Cbim Acta, 
1020, 12, 278) Later, Moore (Biochcm J 
1929, 23. 803, 1267. 1930, 24. 692) showed 
that whereas the liver oil of rats suffering from 
vitamin A deficiency gave no charactenatic 
CMe, 


vitamin reactions, when the diet of the aminsU 
was supplemented by carotene, vitamin A 
accnmuUted in the Lver. These expenmenta, 
which have been fully coniirmed by other 
workers, show that carotene is converted into 
vitamin A in the animal organism. 

The most prolific and accessible sources cf 
vitamin A aro the liver oils of the cod and hali- 
but. Tlie vitamm prepared from such sourre* 
IS a highly VISCOUS, nearly colourless o4 chs- 
rnctensed by its intense absorption in the ultra- 
violet with maximum at 3287n;i, ana by the 
blue coloration whicb it gives with antimony 
trichloride. Vita min A (XIV) {Karrer, Morf, 
and Schopp, Helv. Cbira. Acta, J931, 14, 1036) 
IS a primary alcohol containing a system of 
five conjugated ethylcnic linkages and iti 
relationship to jS carotene is represented by 
the equation : 
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In (support ol' this relationship Kuhn (Z. 
idiysiol. Chom. 1933, 221, 129) has shown that 
^-carotcno is approximately twice ns jrhysio- 
logicaliy potent as either a- or y-carotene and 
furthermore it has been shown (Kuhn and 
Brockmann, Annalen, 1935, 516, 95) that all 
the degradation products of ^-carotene in which 
one half of the molecule remains intact and 
unsubstituted, possess vitamin A activity. 

I. M. H., R. ¥. P. and P. S. S. 
CAROUBIN and CAROUBINOSE. 
The caroubin and caroubinosc described by 
Effront (Compt. rend. 1897, 125, 38, 116) are 
mannan and d-mannose respectively (van 
Ekerstein, Compt. rend. 1897, 125, 719). 

CARPAINE, CuHjjOjN (I), was first 
isolated from Carica Papaya (N.O. Caricacea:) 
by Greshoff (Mcdcd. uit’s Plantentuin, 1890, 7, 
5) and afterwards by Wester (Chem. Zentr. 
1914, I, 1353) from Vasconcellea haslata 
(Caricacem). Eor history, botanical details, and 
early chemical literature, c/. van Rijn (Arch. 
Pharm. 1893, 231, 184 ; ihid. 1897, 235, 332). 

van Rijn {l.c. 1893) gives a detailed descrip- 
tion for the extraction of dried papaya leaves. 
The yields of (I) vary considerably — old leaves 
give less alkaloid (0'07%), young leaves con- 
siderably more (Greshoff, l.c. 0'25%) ; Barger, 
Girardct and Robinson (Helv. Chim, Acta, 
1933, 16, 90) found less (I) : young leaves of 
older trees 0 036%, seedlings specially grown 
0022 %). 

(I) crystallises in monoelinic prisms, m.p. 121°, 
b.p. 215°-235°, [a]j) -1-21°65' in alcoholic solu- 
tion ; it is easily soluble in most organic solvents, 
but not in light petroleum or in H,0. B-HCI 
m.p. 225°, and B-H 2 S 04 , 3 H 20 ‘ soluble in 
HjO ; B'HBr, B-HI,and B-HNOj sparingly 
soluble in HjO ; B-HAuCl4,5H20, yellow 
needles, m.p. 205° (dry, from alcohol). Nitroso- 
carpaine crystallises from alcohol in small, 
colourless prisms, m.p. 144°-145° ; N-methyl- 
carpaine, small prisms, m.p. 71° (from dilute 
alcohol). 

Barger (J.C.S. 1910, 97, 466) prepared 
carpamic acid (long needles, m.p. 224°, from 
alcohol-acetone) by acid and alkaline hydro- 
lysis of (I) and suggested the presence of a lac- 
tone ring. Barger, Girardct and Robinson (l.c.) 
definitely identified suberic and azclaio acids 
respectively as oxidation products. They also 
obtained evidence for the presence of a pyr- 
rolidine ring. 

^ Barger, Robinson and Work (J.C.S. 1937, 
711) conclude that carpaine has the following 
structure : 


mic acid is obtained, which on ozonisation 
yields an acid, probably 

CH3-C0[CH2],-C00H, 
and on oxidation with permanganate, ' azelaio 
acid. The large lactone ring has so far prevented 
the conversion of tasteless carpamic acid to the 
very bitter carpaine. For pharmacological action 
of carpaine, cf. van Rijn (l.c. 1893, 231, 184), 
Alcock and Jleyer (Arch. f. Phj'siol. 1903, 225), 
Kakowski (Arch, intern, pharmac. tberapie, 
1905, 15, 84), and Tu (Ber. ges. Physiol, u. 
Exper. Pharmakol. 1026, 37, 910). Schl. 

CARPILINE. A name given by Leger- 
Roques to filosine, one of the Jaborandi alkaloids. 

CARPOTROCHE OIL. Oil of Carpo- 
Iroche brasiliensis, forms 63-69% of the seed, 

I [a]^“ -f 58-9° ill chloroform, 1-4792, acid value 
' 0-4, iodine value 112-8, saponification value 201. 
(Jamieson, 1932, A, 515). 

CARRAGHEEN (alternatively Carrageen, 
Caragheen). Carragheen, known as Irish Pearl 
Moss, is the common name for the red alga 
Chondrns crispus Stackhouse (Fam.' Gigar- 
tinaccai), which is exposed at low spring tides.- 
Carragheen is marketed in yellow translucent 
strips of 5-30 cm. in length ; it is almost com- 
pletely soluble in hot water, the solution setting 
to a jelly on cooling. The jeUy is used as a 
demulcent, as a size substitute, as a protective 
colloid, and to emulsify cod-liver oil. De Jong 
and Gwan (Kolloid Chem. Bcih. 1929, 29, 435) 
showed that solutions of carragheen possess an 
unusually high viscosity. Carragheen contains 
90% dry matter known as carraglieenin which is 
probably allied to pectin. Carragheenin, which 
is coagulated by azine and thiazine dyes (Justin- 
MucUer, Bull. Soc. chim. 1924, 35, 390) may 
be assayed by precipitation with benzidine 
hydrochloride solution (Haas and Russeli-Wells. 
Analyst, 1927, 52, 205). It is a mixture of 
two substances, one soluble in hot water to give 
a viscous solution which docs not set to a gel on 
concentration and cooling, and the other slightly 
soluble in hot water and setting to a gel on 
cooling (Haas and Russell-WeUs, Biochem. J. 
1921, 15, 469 ; 1922, 16, 578 ; 1929, 23, 425). 

I. 51. H., R. F. P. and F. S. S. 

CARROT, the tapering tap-root of Daucus 
carola, Linn. Red varieties are commonly used 
for domestic purposes and the w-hite (or Belgian) 
type, although not very extensively used, are 
valued in some districts for feeding horses 
and dairy cattle. The following are typical 
analyses: 


H„C CH, O— CO 


HjC 


CH C-[CH,], 

I 

NH CH, 


Carpamic acid is a tertiarj- alcohol ; hydriodic 
acid and phosphorus reduce it to a hydrocarbon 
and arnmonia. By exhaustive methylation and 
reduction an acid, CjjH.jOj, is obtained. 
This acid and the hj-drocarbon, like carpaine 
itself, contain one C-methyl group. By the 
action of phosphorus pentachloride, followed by 
alcoholic potassium hydroxide, anhydro carpa- 


Pro- N-free 

HjO tciii Fat extract Fibre Ash 

% % % % % % 

Kellner . . 87-0 1-2 0-2 9-3 1-3 1-0 

Lindscy 

et af.^ . . 89-0 1-0 0-1 7-9 1-0 1-0 

* Massachusetts Af-ric. Exp. Sta. Bull. 1019. 

According to Platenius (Plant Physiol. 1934, 9, 
071 ; Cornell Univ. Agric. Exp. Sta. 5Iem. 
1934, No. 161, 3-18) variations in composition 
of carrots during growth are small in comparison 
with those of many other root crops. The fibre 
and total carbohydrate contents increase some- 
what, and the protein content tends to decline 
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with n(I\ancing age. Of the sugars only 
and glucose are present, the former increasug 
at the expense of the latter as growth proceeds. 
Starch is present at all stages of growth. Falk 
(Ind. Eng. Chem. 1919, 11, 1133) gives the 
following data for the carbohydrates of fresh 
carrots in terms of percentage of total: Redocing 
sugars before hydrolysis 57'1, dextrin and 
soluble starch 2 7, insoluble starch 5 1, total 
reducing sugars after hydrolysis 92 2%. Siebelin 

(Chem.-Ztg. 1900, 30. 401) reports 8 43% of 
pentosans and 2 59% of methyl pentosans in 
the dry matter of carrots. The flavour of 
carrots is closely associated with the ancrose' 
content (Platenins, le.). The stile or central 
core of the carrot contains a larger proportion of 
protopectin than does the cortex although the 
true pectin content of both parts is very similar 
(Bnston and Kirkpatrick, Ann, Bot. 1931, 45, 
519). 

The colouring matter of red varieties consists 
largely of o- and carotene, which is also 
present in smaller amounts in the leaves 
(3Iackinney and llilner, J. Amcr. Chem. Soc. 
1933, 55, 4728). As a vitamin soorcc carrots 
rank highly m respect of A, are a fairly good 
source of B, but contain rather small propor- 
tions of C. Storage of earrots does not involve 
serious loss of vitamin potency, but vacuum 
tbying causes approximately 89% loss of 
vitamin A (Fraps and Trclchler, J. Agric. Res 
1933,47.539). 

According to Snyder (U.S. Dept. Agnc. Off. 
Exp. Sta. Bull. 1897, No. 43, 7 pp ), there is 
considerable loss oC Dutcicnt value on boiling 
carrots. This loss may amount to 20-30% 
of the total solids, 20— of the total nitrogen, 
15-26% of the sugars, and 30-45% of the ash 
constituents. Hoskins (Massachusetts Agnc. 
Exp. Sta. Spec. Bull 1919. No. 95) records the 
ash analysis of carrots as : total ash 0*92, 
K,0 0 51, Na.O 0-06, CaO 007, MgO 002, 
and P*Og 0 09% of the fresh vegetable. The 
proportions of trace elements reported by various 
investigators include Fe 22-04, Al 22-30, 
Mn 1-9-9-1, Cu 0 7-2 2, Zn 2fM-3, As 0 05 
mg. per kg. of fresh roots. 

Carrot seeds yield an essential oil on steam 
distillation which is used m perfumes and 
liqueurs, and contains pinene, J hmonene, 
bntyric, iso-butync, and acetic esters, daucol 
(CisH.iOf), caratol asaronc, and 

lusabofoiic (W. S. Guenther, Araer. Perfumer, 
1930. 31. No. 5. 7). Richter (Arch. Pharm. 1909. 
247. 391} examining the seed oil of wild carrot 
reports the following characteristics d** 0 9439, 
Jo]'* — I3 3S®, saponiiication value 20 26, ester 
value 18 22, acid value 204. Asabina and 
Taukamoto (J. Pharm. Soc. Japan, 1925, 525, 
961). however, give the values (possibly of a 
different variety) as d** 0 9088, [o]” —5 98“, 
saponification value 74 08, and acid value 0. 

.\ vegetable oil was also obtained from the 
seed by Recb (J. Pharm. Alsace-Lorraine, 1923, 
50, 13). Its bitter flavour is ascribed to the 
presence of a yellow glucoside daucusin. 

A G.Po. 

GARTH AM IN. The red colouring matter 
of Safflower, yields on hydrolysis glucose and 
eariAamidin, 5:7:8: i'-tctrahjdroxyflavanone. i 


CARVASEPT is chlorocarvacrol, 2 Dclld 
4-chIoro-5 isopropyl phenol, 

HO*CjH,ClMePr^ 

CARVENENE, A^**dihydrocymene (Wd 
lach’s a terpinene) hasm.p. I62M62 5%b.p6i- 
63“/10 mm , 179 5“-180 57735 mm., 0 844, Sp 

1*491(X) (Harries and Jlajima, Ber. 1908,41, 2518 
Scmmler, thtJ. 4474; i6id. 1909, 42, 4171). ' 

CARVENONE, 

CHMe 

H.C'^'^CO 

I I 

H.C CH 

CCHMe, 

The ketone earveTtene, C]oH]|0, b p. 232®-233'’, 
d^ 0 9266, rip 1*48245, does not occur m 
nature. It is formed by the action of eulphune 
acid and other dehydrating agents on camphor 
(Delalande, LTnstitut, 1839, 309 ; CJhataud, 
Compt rend. 1857,44, 66 ; Schwanert, Annalen, 
1862, 123, 298 ; Armstrong and Kipping, -I C 8. 
1893.63.75 ; MarshandGardner.i&id. 1897,71. 
28.> ; Marsh and Hartridge, i&t'd. 1898, 73, 852; 
Bredt, Rochttssen, and Sfonheim, Annalen, 
1901, 314, 374), 

Its structure is proved by its conversion into 
carvacrol by oxidation with ferric cUondfl 
(Watlach, Annalen, 1895, 286, 134} and by its 
oxidation with potassium permanganate to 
a-methyl a-isopropyl-o'-hydroxyadjpic acid, a 
methyl y laobutyiylbutync acid, and a methyl 
glutanc acid (Tiemann and Seamier, Ber. 1898, 
31. 2889). WaUach (Annalen, 1924, 437, 145) 
baa abowTi tho primary product ot oxidation to 
be diosphenol. Its oxidation with hydrogen 
peroxide in alkaline solution has been stodicd 
by Trcibs (Ber. 1932, 65. [B], 163 ; 1933, 66. (B], 
1484). Carvenone is reduced by alumiruimi i»- 
propoxidc to the secondary alcohol cantnol, b.f 
99“-J02". 14 mm, 1*4799, 3 5-dim7ro6ena)- 
ale, m p. 75“-76® (Johnston and Read, J.(kS 
1934, 237) This alcohol haa been prepared 
also by Wallach (Annalen, 1917, 434, 203) from 
the dicyclic alcohol sabinol. J. L.S 

CARVEOL. 

CMe 


HC" CHOH 

I I 

,C CHj 

^dl+CHMej 

Tho alcohol earveol, CmHigO, occurs in small 
quantity in oil of caraway (from the fruiU ci 
Carum carts) (Blumann and Zeitechel, Ber. 
1914, 47, 2628). It is formed during the au^t^ 

oxidation ofd Lmoneno (Blumann and Zeitsehei) 

and in an impure condition when this ”7'^' 
carbon is oxidised with oxides of 
(Genvresse, Compt. rend. 1901, 132, 414). l 
can bo prepared most conveniently by the rvuut 
tion of carvone with aluminium *sopropoxi 
(Ponndorf, Z. angew. Chem. 1926, 39. |3 I 
and by this methc^ Johnston and Read (J.b 
1934, 233) have prepared d- and 
mp. 24"-25“. bp. 101*2*-I01*4710 



OARVOMENTirONE 


09521, n“ 1-4959, [a]“ i23-9°; 2:5 d{nitro- 
benzoale, m.p. 92-5° ; d- and 14ra»M-carveol3, 
b.p. 102-2°-102-4“/10 mm., df 0-9484. 
1-4942, [a]“ ±213°; 2:5.dinilrohmzoale, m.p, 
111-6°. The dl-cis- and trans-3.-5-di»tlro5e»- 
zoalea melt respectively at 91-5° and 119°, A 
A\-phenylurc(hane, m.p. 94°-95°, and a hydrogen 
phlhalate, m.p. 136°-137°, have been described, 
but it is not known to which series they belong. 

On oxidation with chromic acid the alcohols 
yield carvone, whilst on catalytic hydrogenation 
a mixture of carvomenthols (o.v.) is obtained. 

J. L. S. 

CARVESTRENE, A’-®'®>-m-nienthadiene, 

XMe:CHs^ 

^CH-CMe;CHj, 

is (W-sylvcstrine, the synthetic isomer of rf-syl- 
vestrinc. It is a liquid, b.p. 178°-179°/750 mm., 
has a pungent odour of lemons, and its solution 
in acetic anhydride is coloured a deep methylene 
blue on the addition of a drop of sulphuric acid 
(Perldn and Tattersall, J.C.S. 1907, 91, 480). 

CARVOMENTHOL. 

CHMe 


CH-OH 


‘ 

CH-CHMCj 

The secondary alcohol carvomenthol, CjgHjoO, 
knoTO also as lelrahydrocarveol, docs not occur 
in nature. It was prepared first by Wallach 
(Annalon, 1893, 277, 130) by the reduction of 
carvenone (I), and by Bacyer (Ber. 1893, 26, 
822) by the reduction of the acciyl derivative of 


"i> 

[a]n • • 

3:5-dini(roben 
zoatc, m.p- , 
p-nitroben- 
zoate, m.p. , 


dihydrocarveol hydroiodide (II), followed by 
hydrolysis of the acetate. 

CHMe CHMe 


2 CH 

C-CHMe2 

I. 


CH-OH 


CH-CHMea. 

t 

CHMe 

CHOAc 


H,C CHj 

^ci+ClMca 

II. 

The alcohol can be prepared also by the 
reduction of the phenol carvacrol (Brunei, 
Compt. rend. 1903, 137, 1269 ; 1905, 141, 1246), 
the ketones carvone, carvotanacetone, and 
carvomenthone, and the alcohols carveol and 
dihydrocarveol. Carvomenthol is a viscid oil, 
and since it contains three centres of asymmetry 
it can exist in eight optically active and four 
externally compensated modifications. An 
attempt to separate these was made by Paolini 
(Atti K. Accad. Lincei, 1921 [v], 28, II, 82, 134 ; 
Gazzetta, 1925, 55, 818), but tho pure alcohols 
were first obtained by Johnston and Road 
(J.C.S. 1934, 230 ,- 1935, 1138), who prepared 
the alcohols (a) from l-carvomenthone and l-iso- 
carvomenthono via tho oximes and carvomen- 
thylamines, (6) by the hydrogenation of d-dihy- 
drocarveol and i-rreodibydrocarvone, and (c) by 
the hydrogenation of d-cis and fronscarvcols. 
The constants of these alcohols and those of 
I their derivatives are given in the tables below: 


d-CarvonicntlioI. 

1-ncoCarvonicnthol. 

MsoCarvomcntlioI. 

101-8°-102°/14 mm. 

0- 9056/13° 

1- 4650/12° 

+ 27-69° 

102°/18mm. 

0- 9012 

1- 4632 
-41-70° 

106°/17 mm. 

0- 9109 

1- 4662 
-17-72° 

107° 

129° 

111° 

— 

95° 

04-5° 




71 “-72° 
54“-55° 


b.p. . . 105°-]09°/20nim. 110°/20mm. 

d’i’ ... — 0-904 

Tip. . 1-4637/20° 1-4469/18“ 

lain . . ±0° :1:0“ 

3;5-dinitro- 
benzoate, 

m.p. . . 106“ 94-5° 

p-nitroben- 

zoato,m.p. 91°-92° — 


On oxidation with Beckmann’s reagent d- 
carvomenthol and /-ncoc.arvonionthol give 
l-cnr\-oincnthono, /-isocarvomcntbol gives l-iso- 
carvomenthone. 

J. L. S. 


CHMe 


C CO 

t <!h. 

■ 

CH-CHMe, 


The ketone carvomenthone, CjoHijO, known 
also as lelrahydrocarrone, occurs in nature in its 
tevorotatory' form, in the oil from Bluiiica 
Slakolmii (Simonsen and Kau. J.C..S. 1922. 
121,881). It has b.p. 218-5°-219°/750 mm. d^,’ 
0-9001, Up 1-4531, [a]p -9-33°. It w.as prepared 
originally by Wallach (.Annalen, 1893,277, 133) 
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C.ARV03!ESTH0KE 


and Baeyer (Bcr. 1803, 26, 822) by the oxidation ' 
of the secondary alcohol, carcomenthoi (?».)• 
It can be prepared also by the hydrogenation 
of the unsatnratcd ketones, carvone, dihydro- 
carvone, carrotanacetone, and canenone. 

Containing as it docs two centres of 
asyrametry, canoiaenthone should ewt in two 
optically active and two externally compensated 
forms. Johnston and Read (J C.S. 1934, 226, 
1935, 2142) have deacnbed l-eartvmtnfAone and 
1 UocarromcntAone. The former was obtamed 
by the oxidation of d-earvomenthol with 
Beckmann’s reagent and the latter from 
J laocarvomenthol. The constants and de- 
ni atives of these ketones arc given in the 
table ; 


orifflc, m.p. 10')“, arim'carhnione, m.p. 17t* 
flitriM^erivative, m.p. 119®. ’ 

The ketone has been prepared aynthetically ly 
Ruricka and Trcbler (Helv. Chira. Acta, 1920. 
3, 779) by the action of sodium on methil 
a methyl S isopropyladipate, tho cyclic keto- 
ester formed yielding canomenthone on 
hy droll 814. 

By the oxidation of larvomcnthone (III) with 
potassium permanganate, Baeyer (Ber. 1896 29 
36 ; 1899, 32, 3629 ; 1900, 33, 124) oltaiafd 
2-bopr<^iheptane-5‘Onoic acid, m.p. 40“ (1), 
whilst with Caro’s reagent the lactone (II) was 
obt^ed. 



t Carvomenthooe. 

{ itoCarvo 
meatbooe. 

bp. . . . 

9C“-96 5”/16mm 

_ 

df - . - 



0 9102 


1 4S48/17® 

1 4558/20® 

Wo . 

-6“ 

-565® 

Oxime, Dl p. . 

99“-100® 

bquid 

ToIt. (m al- 



cohol) . 

-38 7® 

-795® 

Semiearbarone, 



mp. . . 

r«1n(mch]oro 

192® 

I71®-172® 

form) . 

-13 3“ 

-iir 


COMe 


CHMe 


H,C CO,H HjC CO 

H»C CH. HjC CH, 

X/ XX* 

CHCHMCj CHCHMe, 

I. Ill 



The equilibrium mixture, which is formed 
when cither of the ketones is kept with cold 
sodium etboxide, contains about bcarvo 

menthone. 

For dbearromenthone, which contained pro- 
bably some dl liocarvomenthone, IVatlacb and 
Baey er found b p. 210* -22 1®, 0 90, nj, I 4534, 


By the reduction of earvomentboxime Wallaeh 
(Annalen, 1893. 277. 134 ; 1895, 287. 159, 377; 
1900, 312, 203 ; 1902. 323, 332) prewed 
camment^ylamiM. The stereoisonene Dssei 
have been studied in greater detail by Johnstoo 
and Bead (I e.), who have prepared the pure 
bases bated below: 


1 

4 Csivomeotfarbnaiie 

l-ncoCatvoiaenthyl- 

Binloe 

l-taoCarTomcDlbrlauUae 

I b.p 

89 8“-90716 5 imn. 

87 8“-88®/15 mm. 

90715 mm. 

di* 

0 8505 

0 8558 

0 8587 

t .... 

M578 

1-4596 

14611 

1 [o] 

12 47® 

-2G 55® 

-14-7® 

j Acetyl, m p. ... 

160®-161® 

114® 

06® 

[aJn chloroform) 

+67 8® 

-61 9® 

-57-4“ 


3.L.S 


CARVONE. 

CMe 



The cyclic ketone carcone. Cl8H^^O, occurs 
fairly widely distributed in nature and it is I 
found m d-, 1-, and di- forms. It is the mam ' 
ketonic constituent of caraway and dill oils.: 
Carvone is a somewhat viscid, colourless oil: 
with a highly charecterutic odour. It is most I 


conveniently separated from easential oils by 
means of the compound which it forms wim 
hydrogen sulphide, d- and i- m p. 210“-2n . 
dl- m p. 188®-190“ (Ilenssen, J. pr. Chem. 1914, 
(ii], 90, 315). The structure of carvone hydr^ 
BulpUde has been discussed by Hooper, JIacbeth. 
and Price (J.CS. 1934, 1147), by Dulou (Bull. 
Inst. Pin, 1934, 60, 201), and by Padmanabhan 
(Current Sci. 1935, 4, 95). The ke^nc can » 
regenerated from the hydrosulphide by tt* 
action of alkali. The following constants have 
beenTtcoTdedTd-,hp.230“/750mm ,d'/^ 09611. 
n},*^ 1-49935, [a]D +0232“; b, b p.'230“-231*/ 
763rom.,dJJ 0 9652, 1+988, [a]D-C2 46“J 
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CARVONE. 


dl; b.p, 230'’-231°, f/Js 0-9645, tij, 1-50030. The 
d- and l-oximes have m.p. 72°-73'’, dl- m.p. 93“ ; 
d- and hsemicarbazones, m.p. 162“-163“, 141“- 
142“ respectively; dl-, m.p. 154°-15G“. 

Goldschmidt and Ziirrer (Ber. 1885, 17, 1729) 
made the important observation that carvoxime 
and nitrosoliraonene, prepared by the removal 
of hydrogen chloride from limonene nitroso- 
chloride, -n-ere identical, and in 1894 Wagner 
(Bcr. 1894, 27, 227) suggested that carvone 
was represented by (I), which is in accord with 
its ready conversion into carvacrol and -with its 
o.vidation by potassium permanganate to 
hydroxylerpmylic acid (II), which can be 
reduced by hydrogen iodide to terpenylic acid 
(III) (Tiemann and Scmmler, Ber. 1895, 28, 
2148). 


obtained (Harries, Ber. 1901, 34, 2105), the 
dioxime of which is formed when carvone 
hj'droxylamine-oxime is shaken with mercuric 
oxide (Harries, J. pr. Chem. 1914, [ii], 90, 318), 
This ketone is obtained much more readily by 
the oxidation of carvone with hydrogen peroxide 
in alkaline solution, when the primary product is 
the oxide (V) (Treibs, Ber. 1931, 64, 2178 ; 
1932, 65, 1314 ; 1933, 66, 1484). 

CHMe 

OC^^O 

I I 

H,C CH, 

CH-CMe:CH2 

IV. 


CMe 

HC CO 


HjC 


CH, 


CH-CMe-.CHj 

I. 


KMnO, 


CO,H 



Lo_, 


-o CMeCHj-OH 

II. 


HI 


-CO CO„H 


i CH 

1 I 

O — CMe 


CH, 


III. 


:z 


O— CMe 

IX \ 

CH CO 


H,C 


CH, 


CH-CMe-.CHg 

V. 

By the bromination of carvone a mixture of 
crystalline (d- and I- m.p. 120°-122°, dl- m.p. 
112“-114“) and liquid tetrabromides is obtained; 
these are probably stereoisomeridcs having the 
structure (VI), and yield respectively on 
further bromination stereoisomeric penta- 
hromides (VII), d- and I- m.p. 80“-87“, dl- 
m.p. 96“ ; d- and I- m.p. 142“-143°, dl- m.p. 
124“-126“) (Wallach, Annalen, 1804, 279, 290; 
1896, 285, 120). A Irihromide (ITII) is obtained 
on bromination in acetic acid in the presence of 
hydrogen bromide (Wallach, Annalen, 1895, 286, 
119). 

CMeBr 

BrHC^^CO 


In view of the identity of d(-carvoxime with 
nitrosodipenteno, the synthesis of the latter by 
Perkin (J.C.S. 1904, 85, 416) imph’es also a 
synthesis of the ketone. 

Since in addition to the carbonyl group, 
carvone contains two cthylcnic linkages, it is 
an extremely reactive substance, and yields 
a number of interesting derivatives. On cata- 
lytic hydrogenation it gives, according to the 
conditions and the nature of the catalyst 
employed, either carvomenthom or carvomevthol 
(q.v.) (Haller and Slartine, Compt. rend. 1905, 
140, 1308 ; Ipatiev and Balatschinsk}’’, Ber. 
1911, 44, 3461), whilst with sodium and alcohol 
it gives dihydrocarvcol (Wallach, Annalen, 1893, 
275, 111). On reduction with zinc dust in acetic 
acid dihydrocarvone is obtained together with 
the pinacone a-dicarrelone (IVallach, Annalen. 
1894, 279, 377). With aluminium isopropoxide 
ns the reducing agent carveol is obtained 
(Ponndorf, Z. angew. Chem. 1926, 39, 138; 
Johnston and Rend, J.C.S. 1934, 232). 

When carvone is shaken with o.\- 3 ’gcn in the 
presence of baryta a yclioiv dikclonc {IV) is 



CH-CBrMe-CHjBr 

VI. 


CMeBr 


x\ 


BrHC CO 

1 1 

H^C CHBr 


CH-CBrMe-CHjBr 

VIl. 



\x 

CH-CBrMCj 

\TII. 
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TAUVOXE. 


On Ireatnieut uitb L>ilrogcn bromide in occtic 
aci'l eolation d-carvono yields a hi/dnAromide 
(IX), m p. 32’ (Baevcr, Ber. 1S94, 27, 811), the 
oxirru of which is formed when d-carro\ime is 
treated with hydrogen bromide. Rednction of 
the bromide «ith zme dust in acetic acid 
solution gives cfirvoionace/ong (X), whilst with 
alcohoho potassium hydroxide it yields eucoi-towc 
(XI). 


I 


CMe 
CO 

I 

H,C CH, 

CH CBrMcj 
IX. 


CMe 


CO 

I 


CMe 

CO 

I 

CH, 


XI. 


HC 

I 

HjC CH, 

^C'hTcHMe, 

X. 


CMe 

HC CO 

I ! 

H,C CH, 

X/ * 

CH C(OH)Me, 


XH. 


Whilst carvoDo is isomcrised to carvacrol by 
tho action of dehydrating agents, Rupo and 
Sehlochofl (Bcr, 1003. 38, 1710) obtained a 
/lydroxtjearivnt, mp 4(’-42* (XII), by treat- 
ment of d carrone w ith sulphuric acid (40%). 

J I,. S 

CARVOTAN ACETONE. 

CMe 

HC CO 

I I 

H,C CH, 

X/' 

CH CHMe, 

TAw curvurtmcn.ntnrf, C|pK,gO, oecnrsin 

its dextrorotatory form in the oil from the herb 
lllumen Maholmn (Siinoiisen and J»au, JCS 
1022. 121, 870) and jmssibly aKo in thuja oil 
(from Thiijii occi'Ieiilalis) (Wallacb, Annalen, 
IhOO, 275. 182) It was obtained originallv by 
Scininler (Mcr. 189i, 27, 893) by the molecular 
renrrnngoraent of the dicyclic ketone a thujone, 
IV Inch occurs when this ketone is heated at 280“ 
underpressure. dl Canotanacctone, whuhisau 
oil liaving an odour siinihr to that of ennone. 
has bp. 228'’-228 5“, df 0 9331, 1 4805, 

whilst doarsotaincclone has bp 227 >“/703 
mm., d” Om". »i” 1 4707, (aj„ l.'iOSS’. 
'Ibo ketone, wlmh rcirls leadily willi sodium 
Milpliite ill noiitr.il i-olution, cun lie identified 
most rcidily by the prtparilion of tlie r««i- 
tarljttzone, ill- in p. 177 -I7>", if niid I- inp 
173’-174“ (Bieycr, Ber. ISU. 27. 11)23). Other 
vharacteristic ilcriv.stivcs nre the prime, dl- 
m p. fl2’-'^3'* : d- and / in p 77 ; the hf/droryl- 
auiiito oxtmc, <(l- m.p 102, <f. m p. a»®-00’; 


the hydrosulphidc, dl- m.p. 20>“, d- m it. ■>>>’. 

223®, * *** 

Cariotanacefone tan bo conveniently pre. 
pared by the bromination of carvomenthone (I), 
the resulting bromide (II) yielding on treatment 



with sodium acetate in alcoholic solution an 
excellent yield of the unsaturated ketone (Koli 
and Steinhorst, Annnlcn, 1911, 379, 13j 
Wallach, tbid. 1918, 414, 353). It is formed abn 
by the reduction of enrvone bydrobromulc 
(flames and Stirm, Ber. 1901, 34, 1924), by the 
action of potassium hydroxide in the presence of 
feme hydroxide on cyanocarvomenthone (Lap 
worth, JCS. 1900, 89, 1830) and also as the 
oxime by the catalytic hydrogenation of carr. 
oxime (Wallach, Annalen, 1914, 403, 74). On 
eataly tic hydrogenation the ketone yields carro 
nienthone (Vason, Compt. rend 1911.153,70], 
xvhilst on reduction with sodium and alcohol 
carxomcnthol is obtained (Semmler, Ber. 181)4, 
27. 893} Oxidation of carsotanacetone with 
pota*sium permanganate m alkaline oolution 
results m the formation of pyruvic and j3 1« 
propylsuccinic acids (Semmler, Ber, 1900, 83, 
2451 : Simonsen and Ran, le.) On oxidation 
with hydrogen peroxide m alkalino solution it 
yields an oxirfe, bp 118“-I20®/20 luin . ti"" 
1 0120. Ttj, 1 4735 (Treibs, Ber. 1033, 

CARYOPHYLLENES.THE. Thecaryo- 
pAy/eaea form the mam sesnuiferpene hydro- 
carbons, CjsHj., present in oJ of cloves Thry 
occur also in other essential oils. An extcnsi'D 
senes of investigations by" Dcussen (Annalen, 
1907, 556. 1 { 1008, 359. 245 ; 1909, 369, 51 : 
1912,388. 136 ; J.pr.Chem. 1911, [ii] 83. 483! 
1914, 00. 324 : 1926, 114. 63 ; 1927, IIT, 
273 ; 1928, 120, 133 ; 1929, 122, 201) has 
shown the probable presence of three didinrt 
hydrocarbons, which liavc been dcsignntcd a , 
p- and y-caryophyllencs. a CnryoptoIIcne » 
most probably identical with the hydrocnrli'in 
kumukne, present in oil of hops (Clnpn'V’- 
JCS. 1923, 785) and in that from poplar hwU 
(Fichter nnd Kntr, Ber. 1899, 32, 3182) Tuc 
name humuirnc is therefore to bo. preferred 
for this hydrocarbon, since unlike p- 
y raryxipliyUenea it does not yield a crystalline 
hydnirbloride ur on hydration a crysfalln'O 
alcohol. 

llumulfHe. b p. «(5r-206% 132''-13471C nun. 
rf|J 0 9001, 1 .'1021, is concentinted by 

ujieateil fractionation to the extent of al^ut 
12-15% ill the higher Lulling fratlioas of f'uvc 
oil and it has been characterised by the 
tion of a ni!roso(!iloftde, in p. 177®, , 

npiwrently opticatlv inactive, a ni/rowm"" '• 
mp. Ut -UY, a ‘iiitroi"i/<, m.p ll>l . * 
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GARYOPHYLLENES, THE. 


nilrosite, m.p. 116“. The nitrosochloride on 
treatment mth Bodium ethoxide or pyridine 
loses hydrogen chloride with the formation of 
nilrosohumulcne, CjjHjjON, m.p. 126“-127‘’, 
which is reduced by sodium and alcohol to 
aminodihydrohurmilene, b.p. 141°-143“/11 mm., 
acetyl derivative, m.p. 142° (Evan.s, Ramage and 
Simonsen, J.C.S. 1934, 1806). No evidence of 
the structure of humulcne is as yet available, 
although its physical constants suggest that it 
is dioyclie. On oxidation with chromic acid it 
yields os-diraethylsuccinic acid (Chapman, 
J.C.S. 1903, 83, S13). 

p-Caryophyllene cannot be separated from 
y-caryophylleno or from humulene b}' distil- 
lation. It has been characterised by the pre- 
paration of a blue nilrosite, m.p. 115°, and a 
nitrosochloride, m.p. 159°. 

y-Caryophyllene, b.p. 125°-125'5°/14-5 mm., 
0-89951, 1-49665, [ajj, -26-17°, can be 

separated from the mother liquors remaining 
after the preparation ot fl-caryophyUene nitrositc' 
and also by heating this nitrosite with alcohol, 
but there is some doubt as to its homogeneity 
(Ruzieka and Wind, Hclv. C'him. Acta, 1931, 
14, 410). It has been characterised by the 
preparation of two nitrosochlorides, m.p. 122° 
and 146°, each of which gives the same nitrol- 
benzylamine, m.p. 172°-173°, which can be pre- 
pared also from j3-caryophyUone nitrosochloride. 
With hydrogen chloride P- and y-caryophyllenes 
yield caryophyllene dihydrochloride, m.p. 69°-70°, 
whilst on hydration they give two tricyclic 
alcohols, a- and P-canjophyllenic alcohols, 
m.p. 117° and 96° respectively (Wallach and 
Walker, Annalcn, 1892, 271, 288 ; Asahina 
and Tsukamoto, J. Pharm. Soc. Japan, 1922, 
403). 

Prom the products of the ozonolysis of the 
caryophyllcnes (a mixture of the a-, p-, and y- 
hydroenrbons) Semmler and Mayer (ller. 1911, 
44, 3657) isolated (i) a ketone, CmHijO, (ii) a 
diketonc, C^2H2o02, (hi) a diketo-aldehydc, 
^14^2,03, (iv) an acid, CgHi^Oj, (v) a keto- 
acid, C,,H jjOj.and (vi)at/ii[-e(o-acid,Ci4H2204. 
Oxidation of the last two acids with nitric 
acid gave as an oil caryophyllenic acid, CjiH 
Tiicse observations have been confirmed by 
Ruzieka and Wind (be.), who have shown 
111, -it the keto-acid, CijHjgOj, (scmicarhazone, 
m.p. 183°), gave on oxidation with sodium 
liypobromilc a dibasic acid, homocaryophyllenic 
acid, C,oHjg04, whilst in a similar manner 
a kcto-dibasic acid, CjsHjoOj, was prepared 
from the dikcto-acid. CJ4H20O4. This diketo 
arid on digestion with nlkafi undergoes ring 
i-lostirc witli the formation of an unsaturated 
kr.to-monobasic acid, Cj4H2(|03, which con- 
tains a — COMe group. Interpretation of 
those results became possible when the 
.structuio of caryophyllenic had been deter- 
mined. 

All examination of Semmler and flayer’s 
liqiiiil acid by Evans, Ramage, and Simonsen 
(J.C.S. 1934, ISOO) .showed it to be a mixture 
oi t Wo crystalline acids, d-trans-Jiorcaryopliy/lcnic 
add, imp, 12,5°-127°, [0)3, 3, -1-137° (in chloro- 
form), and d-trsms-rarynphyUcnic acid, m.p, 
S0°-Sr, IqJjjji -1-13-,')6° (in chloroform), di- 


anilide, m.p. 282°, which can be converted into 
the d-cis-acid, m.p. 77°-78°, [a]546i —7-4° (in 
chloroform), dianilidc, m.p. 190° (Ramage and 
Simonsen, J.C.S. 1936, 746). By the reactions 
indicated below norcaryophyllenic acid has been 
shown to be represented by the structure (1) 
suggested by Ruzieka and Zimmerraann (Hclv. 
Chim. Acta, 1935, 18, 219). 

IVle.C— CH-COaH 

( I 

H.C— CH-COjH 
I. 


MeX— CH-CO.H 

‘II 

^'■2 HjC— CBr-COaH 

Me.C— C-COjH 

— ^ 1 11 

HjC— C-COaH 

II. 

MeoC-CO.H 

H2C-CO-CO2H 

MCaC-COjH 
HjOj HjC-COjH 

The structure assigned to J-norcaryoph3'llcnio 
acid lias been confirmed by the synthesis by 
Rj-don (J.C.S, 1936, 593) of ci's-Jl-norcaryo- 
phyllenio acid, m.p. 149°-150°, anhydride, 
m.p. 40°-41° (J(-lrons-norcaryophyllenic acid, 
m.p. 148°-149°), from which dehydronorcaryo- 
phyllenic acid (II), m.p. 193°, identical with the 
acid prepared from J-trans-norcarj-ophyllenic 
acid, was obtained. Since caryophyllenic acid can 
be degraded to norcarj'ophyllenio acid (Ramage 
and Simonsen), it follows that it must be repre- 
sented by either (III) or (IV) : 

Me,C— CH-CHa-CO.H 

1 I 

H.2C— CH-COoH 
III. 


MeX— CH-COjH 

■| I 

H2C— CH-CHyCOjH 
IV. 

On the basis of these formula; for car3-ophyllcnic 
and norcar3'oph3-llenic acids Ruzieka (J.S.C.T. 
193.5, 54, 509) and Ruzieka, Zimmennann, and 
Huber (Hclv. Chim. Acta, 1936, 19, 313) have 
suggested tliat t-ar3-oph3'lIene can be repre- 
sented by (V), when the diketo-acid, C14H22O4, 
will bo (VI) and the dicyclio keto-acid. 

prcp.-ircd therefrom would bo (VH) 

or (Vlll) : 
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CH, 


Me.C— CH CMe 

I I II 

HjC—CH CH 

^d+CHjCMe.CH, 

V. 

CH, 

MfejC— C'hT^OMe 

H,C— CH 
\ 

CH CH,-COMe 

I 

CO,H 

VI. 

C COMe 

Me,c— C'ir'\:Me 

H.C— CH CH, 

CH CO,H 

VII. 

CH, 

Me C— Me 

II II 

H,C— CH CCOMe 

CHCO,H 

VIII. 

It ufup^eitedfurtherthat theketo monobasic 
acid, CijHj.O,, which gives on oxidation with 
sodium nypohromjte homocaryophyllemc acid, is 
derhed froin the isomenc hydrocarbon (IX) in 
accordance with the scheme . 

CH, 

Me,C— CfH^^CMe 

I I II 

H,C-CH CH 

'^CH^C CMe, 

IX. 


. > > 

H,C— CH— CH; 


CHjCOMe 
^CO,H 
\C0,H 
Me.C— CH— CH.COMe 

* . I > 

H,C— CH CH,CO,H 

X. 

Me,C— CH CH, CO,H 

I I 

H,C— CH CH, CO,H 

XI. 


The structure (X) .issigned to homoc,—. 
phyilenic acid has recciv^ support from tie 
experiments of Ramage and Simonsen fjpc 
1937,73). ' 

These authors (J C.S. 1936, 1581) have giio,, 
further that the caryophylfene represented bj 
(V) 13 m all probability ^ carj’ophjllene. (Vben 
the crystaUuie mtrosite of this hydrocarbon n 
degraded it yields mainly the acid (VI) together 
With a small quanitity of (XI). The atructcre 
to be assigned to y-car^ ophyllene remami 
undetermined. 

By the dehydration of a-caryopbjUemc 
alcohol a tneychc hydrocarbon, ciweae, bp 
IIIMI37IO mm., df 0 924, 1 49S0, [a], 

+ 1 3® is obtained, nhilst from p earyophjhenic 
alcohol isoefotene, bp. 13C(®-131712 mm, 
dj* 0 943, nj,’ 1-5039. [a]p -56 6® has been 
prepared. By the oxidation of clovene mih 
chromic acid Ruzieka and Cibson (Helv. Qum. 
Acta. 1931, 14, 570) obtained a dicarbovybc 
acid, <^enic aettf, m.p. ISJ’, nfud 

Is extremely stable and has so far resisted ,1] 
attempts to elucidate its structure (c/. Blair, 
JCS. 1935, 1927). J.L.S 

CASCARA SAGRADA, B.P, ; U.SP. 
The dned “s3credbarl£”of RhamnvsPttrihiafia 
DC , a small tree abundant in Korthem 
Cahforma and the States of Washington sod 
Oregon. Together with R. eahfomtea Zschicholz 
(which has a very similar action) It had hng 
been knoim to the Indians as a cathartic ; since 
about 1880 cascara has come into extensive oie 
■n American and European medicine as a 
laxative. The European species Jt. ealharha L., 
the Common Buckthorn, and R.Fratiguta L, lbs 
Alder Buckthorn, have been used for the same 
. Purpose. The older chemical literature con- 
^ming cascara is very conflicting, for a sum 
niary of which see Jowett (Rep. Amer. Pharo. 
Assoc. 1904, 1) { he conflrmea the presence of 
emodin together with a small proportion of the 
isomenc frangula-emodm of Thorpe and JliUrr 
(«I.C.S. 1893, 61, 6). The literature smte 1904 
» auramans^ by Hoch (Amcr. J. Pharni. 1933, 
105, 64 ; 39 items). Hoch agrees with Hao«r 
(Pharm Acta Helv. 1931, 6, 79) that the 
glucosides present are rhamnosides of the 
anthranols of chrjsophanic acid, frsnguh* 
emodm monomethyl ether and cascarol. The 
changes taking place during atorage of the bark 
(I year is presenbed by some pharmacopociiu) 
probably involve oxidation of the anthrand 
tu anthraquinone rhamnosides, with some 
hydrolysis. The anthraqiiinono deriiatucs in- 
cteaso during storage. Although most iikflj 
■a integral part of the purgative complex, the 
anthvaqumone derivatives have no cathartic 
properties." The most important principle of 
ciaseara js unknown. It would seem that thii 
principle is contained m peri»lal.i>i 
accwrclmg to Tachirch and .Monikowski (Afth 
Pharm. 1912, 250, 92). a\cllowi»h amorphous 
powder, readily aoliible in water, and actiie 
also when injected ; it contains rhamnosides of 
chiysophanic acid, emodin methyl ether, am 
cuiscartrf, C„HioO,. yellow needles, nrp. 21o^. 
but no free hydroxy methyl anlhraquinone* 
The chemistry of i?. PuTshiana and R. / 
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is more particularly dealt rrith by Tscliirch and 
Pool (Arch. Pharm. 1908, 246, 316). Various 
assay methods, based on the colorimetry of 
cmodin, arc futile, according to Hoch, since 
there is no evidence that the emodin content 
can be correlated with therapeutic activity 
{e.g. Slorrison, J. Amcr. Pharm. Assoc. 1931, 
20, 1270). J'or tests on the human subject, see 
Hoch, for animal tests Gruber, Bryan, and 
Richardson (J. Pharm. Exp. Ther. 1932, 44, 
479). 

Cascara bark contains about 2% of fat, a 
substance rhamnol, CjoHjgO, m.p. 132“-133°, 
and a small proportion of a volatile oil ( Jermstad, 
J. Pharm. Chim. 1933, [viii], 17, 76 ; Pharm. 
Acta Helv. 1929, 4, 90). Eor differential tests of 
Cascara and Jihamnus Frangula, see Kroeber 
(Schweiz. Woch. Chem. Pharm. 1910, 48 
377) ; Beal and Okey (J. Amer. Chem. Soc. | 
1917, 39, 716). G. B. 

CASCARILLA, ESSENTIAL OIL OF. 
The oil distilled from the bark of Croton Eluteria, 
Bennett (Fam. Euphorbiacese), which is in- 
digenous to the Bahama Islands and also grown 
in Honduras. Yield 1-3%. 

Constituents. — Cymene, /-limonene, eugenol, 
cresol, sesquiterpenes, aldehydes, and esters of 
cascarillio acid with traces of palmitic and 
stearic acids. Cascarillic acid is isomeric with 
undecylic acid. 

Characters . — A pale yellow oil, sp.gr. at 15° 
0-896-0-92.5, + 4° to 10°, 4“ 1-489-1-496. 

Initial saponification value 4-8, after acety- 
lation, 60-70. C. T. B. 

CASEIN, (Caseinogen.) Casein is a phos- 
phoprotein found in the milk of mammals. It 
is the principal protein of cow’s milk, which is 
its chief commercial source. It is amphoteric, 
and occurs in milk as a colloidal suspension, 
probably a complex with dicalcium phosphate 
(J. Brigando, Lait, 1933, 13, 661). Together 
with the fat, it can be separated by ultra- 
filtration, the lactose, mineral salts, and soluble 
albumen remaining in the ultra-filtrate., 

lilany American and some English authors 
have preferred to use the term casein for the 
commercial product produced by precipitation 
from milk, and the word caseinogen for the 
protein (non-coagulable by heat) of milk in its 
natural condition, or when precipitated under 
the special laboratory conditions referred to 
below. In view of the doubt whether the latter 
term refers to a single specific chemical com- 
pound, and of the fact that there are two quite 
distinct types of the commercial product, the 
term casein is used in both senses throughout 
this article. 

PnErABATiON OF PuiiE Casein. — Purq casein 
is prepared by acid precipitation of separated 
milk. Most of the recent research work has 
been carried out with casein prepared by one 
of the following methods ; 

Ilammarsten method (“ Handbuch der bio- 
chemischen Arbeitsmethoden,” E. Abderhalden, 
Berlin und Wien, 1910, Vol. II, p. 384). — 
Separated milk is diluted with 4 vols. of cold 
water and dilute acetic acid (1:100) is added 
with continuous mi.ving until the casein has 
precipitated. The latter is washed several 
times with water, first by decantation and then 
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centrifuging. The moist casein is then dis- 
solved in dilute ammonia, agitating during the 
addition, and care being taken that the pu 
value docs not exceed 7-0. The solution is 
filtered or centrifuged and .the casein repre- 
cipitated by the addition of the calculated 
amount of acetic acid. The precipitated 
casein is washed with water, redissolved in 
ammonia, and reprecipitated with acetic acid. 
The precipitate is finally washed several times 
with water. 

Van Slyke and Baker Method (J. Biol. Chem. 
1918, 35, 127). — Separated milk is not diluted 
in this method, and normal lactic acid or a 
mixture of 1 part of normal hydrochloric acid 
and I or 2 parts of normal acetic acid is pre- 
ferred to acetic acid alone. The acid is gradually 
introduced beneath the surface of the milk, 
which is efficiently agitated. The addition of 
the acid is carefully controlled by withdrawing 
small samples of the mixture, adding an equal 
volume of water, and centrifuging. At the 
coagulation point the whole of the casein is 
thrown down on centrifuging. The casein is 
washed by agitating with water, allowing to 
stand, and centrifuging. This is repeated several 
times, but the casein is not redissolved in alkali 
as in the older method. The last traces of 
phosphate are removed by electrolysis of the 
casein suspended in dilute acetic acid at pj, 4-7. 
It is claimed that casein can be purified to an 
ash content of 0-069% by electro-dialysis (A. L. 
Elder el al., Ind. Eng. Chem. [Anal.], 1934, 6, 
65). 

The casein prepared by cither of the above 
methods is finally extracted with 70-80% 
alcohol, ether, and high-boiling petroleum or 
benzene or toluene in a continuous extractor. 

Properties . — Pure casein, prepared by acid 
precipitation, is a white amorphous powder, 
without taste or odour. It is practically in- 
soluble in water and quite insoluble in most 
organic solvents. It is readily dissolved by 
alkalis, forming acid and neutral salts, and can 
be precipitated unchanged by the addition of 
acids. It swells in contact with dilute hydro- 
chloric acid, and may be partially dissolved, 
the amount going into solution being dependent 
on the Pn of the acid. The isoelectric point of 
pure casein is usually regarded as falh'ng at 
Pu 4-6 but certain physico-chemical measure- 
ments have indicated either that this value is 
not strictly correct or that there is an isolectric 
zone (C. La Rotonda, Annali Chim. Appl. 1929, 
19, 310 ; E. B. R. Prideaux and F. 0. Howitt, 
Proc. Roy. Soc. 1929, A, 126, 126). 

In dilute alkaline solutions casein has a 
la:vo-rotatory action on polarised light. 

Casein absorbs hydrogen chloride with the 
formation of definite compounds. It gives 
a violet coloration when dissolved in con- 
centrated hydrochloric acid. 

Much work has been done on the question 
whether casein, as above described, is a homo- 
geneous substance, and the bulk of the evidence 
suggests that it is not. Probably the differences 
recorded by various investigators were due to 
the extent to which they had purified their 
casein. J. Groh, E. Kardos, K. Denes and 
V. Ser4nyi (Z. physiol. Chem. 1934, 226, 32) 
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lia\e isolatcil two fractions, Jifferiog in their Precipitation by mineral acitlj found 
tj rosine and triptophan conltnl and in their application during the war, when speed was a 
rotation. They have obtained these fractions pnmary consideration, and when it was not 
by three different fractional precipitation always practicable to take all the precautioiu 
methods, irrespectite of the method, and have necessary for the preparation of satisfactory 
found that a mixture of the two was identical “ self-soured ” casein. Slineral acid preripiu. 
with the product obtained by complete pieci- tion is extensively used in the UnitM State*, 
pitation. but the “ self-souring ” method is more gencr 

By idtra-centnfugal methods T. SACdberg, ally practised m other parts of the world. 

1.. M. Carpenter and D. C Carpenter (J. Aroet Milk for casein mamifacture shoulii I* 
Chem. Soc. 1930, 52, 241, 701) ha^e concluded efliciently separated and should not contain 
that neither of the above methods of preparation more than 0'1% of fat. Not ordy does in. 
gives a single protein, but miTtures of proteins of adequate separation mean waste of fat, but tVe 
djfferent molecular weights. From Hammarsten presence of excessive quantities (e.y. more than 
casein they isolated what was probably a pure 1-1J% in rennet caseins or 2--3{% in aciJ 
substance of molecular weight 375,000±n,000, caseins) will affect its commercial value. The 
in phosphate buffer solution of pn 6-8, whilst milk must not have been pasteurised at ton 
they concluded that the bulk of the casern high a temperature, otherwise insoluble dt. 
obtained by the Van SI} ke and Baker method natured lactalbumm will be present, llillc 
has a molecular weight between 75,000 and from cows shortly after calving is unsuitable, as 

100.000. Serological studies {Carpenter and the colostrum present gives rise to a soft curJ 
Hucker, J. Infect. Dia. 1030, 47, 435) showed from which it is almost impossible to remove 
these proteins to be definitely distmet. An the water. 

alitically, D. C. Carpenter (J. Amcr. Chem. Plant used for casein manufacture vane* 
Soc. 1931, 52, 1812-1826] concluded that caaein extensively, but acid-resistant precipitation 
obtained by the Van Sl>ke and Baker method tanks (wood or metal) are to be preferred, since 
eonsistslargely of proteins of a molecular weight iron contamination discolours the casein amt 

98.000. The osmotic pressure measurements may render it unfit for some purposes. 

of N. F, Burk and I). M. Greenberg (J. Biol Precipitation by ifvneral Acidi. — ^Accordingto 
Chem. 1930,' 87. 197) indicate an even lower the older practice, fresh separated milk um 
value for the molecular weight, 33,600±250. heated to 120*-125“F. for sulphuric acul 
Other studies on the fractionation of Ham- precipitation (5® lower if hydrochloric acid wm 
inaraten casein have been made by 0. Jirgensons to be used), and there was added about a pint 
(Biochem. Z. 1934, 268, 414) (See a/so A. D of commercial sulphuric acid (apgr. 1S3) 
Kobinson el al., J. Fbja. Chem. 1032, 36, diluted with 2 quarts of water, or 2} pints of 
1858.) commercial hydrochloric acid with an equal 

There is distinct evidence of slight structural volume ofwater for each 100 gallons ofseparatnl 
differences in casein from different sources {tQ. milk. 

differentiation of Indian buffalo milk casein and After precipitation of the curd, the whey was 
English cow casein, R. B. Code and D. L. drained off, the residue cooked at 170®-180'F., 
habaerabuddhe, J. Central Bureau Animal washed, pressed, and dned at IIO^-IIS’F.. cart 
Husbandry and Dairying, India, 1929, 3, 10, 33). being taken to avoid overheating on the ono 
A. F. Anderson (Amer. J. Dia. Cbddren, 1932, band or too slow drying on the other. 

44, 178) concluded that there is a lack of species A much improved product is obtained by 
specificity in the caseins obtained from cow, the “gram curd” method, various modifia 
goat and human milks, but chemical differences lions of which are described. lu this netbod 
were indicated (see also M. L Pemanez, Compt. precipitation is effected at a lower temperature 
rcTid. ^c. Bi«\. \^'3, WZ, ^b60, ^bCY). and the curd la not cooked. In one satisfwAurj 

The probable percentage composition of casein method (C. S. Trunble and R. W. Bell, Creamer) 
is: 0,6350; H, 7-13 ; N, 15 80; P,07l . and Milk Plant Monthly, 1930, 19, No 8,40-44), 
S, 0 72 ; O, 22 14. (Van Slyke end Bosworth bydrochlorie acid, dilut^ with 8 parts of water, 
J. Biol. Chem, 1913, 14, 203), is slowly added to fresh separated niilk at 

JIakctactcre or 1>dcstsul Caseik. — JM®-96*F. with rapid stirring. Sufficient aeiil 
Although other sources have been described to produce a pu of 4'1 (equivalent to 
(eg. vegetable, such as soya bean or peanut lactic acid) is used. After the whey has 
cake) practically the whole of the casein of drained off tho curd is washed two of three 
commerce is prepared from cow’a milk. The times with water at 94®F.. pressed, milieu, anci 
methods employed can bo grouped under two dned at 125°-130°F. Tho highest grades oi 
heaihngs, VIZ. acid precipitotion and rennet caseincanonlybeproduced if thepa 
precipitation. Tho resultant products show tation is carefully' controlled. Another 
marked differences in properties and find for which a high degree of efficiency is cia^w 
different opph'cations m industry. has been worked out by F. L. kV 

There are two main modifications of the acid (Richard \V'. Smith, Ind. Eng. Chem. 1934, Zo. 

precipitation method ; 8\5>). An ingenious arrangerDcnt is cmploj™ 

(1) Precipitation by the direct addition of an to secure, practically instantaneously, ^i**'®*^ 

acid, usually hy drocblonc or sulphuric, mixing of tho hydrochloric acid {"pg^- /*. 

(2) Precipitation by lactie acid formed byr diluted with four limes its volume of vrntrf)*"' 

bacterial action from the lactose the skimmed milk (preheated to. 110*1'.). (' 
present In the milk (“ self souring *’ G. Gcnin, Lait, 1935, 15, 251 ,. 

method). I‘rtparalion btj “Self-souring" — ^To * 
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pcparated milk " starter ” is added in the pro- 
portion of about J gallon to every 100 gallons of 
milk. The whole is well mixed, the temperature 
adjusted to SO^F., and allowed to stand usually 
overnight, until a Pn of 4-6 has developed. 
The curd is then cut up with specially designed 
knives and the temperature is gradually raised 
>mtil 120°-140°F. is reached after 40-50 minutes. 
The curd is held at this temperature for 20 
minutes before the whey is dra-wn off ; it is then 
washed with hot water, pressed, and dried. 

Rennet Precipitation. — High quality rennet 
casein can only be made from efBciently sepa- 
rated milk in which acidity has not been allowed 
to develop. The amount of rennet required 
will depend both on the temperature and on 
the acidity of the milk, decreasing as either 
increases. Different preparations of rennet 
vary in acitivity. If the acidity of the milk be 
20° (t.e. if 20 ml. of N/IO caustic soda are 
required to neutralise the acid in 100 ml.), about 
IJ oz. of rennet should curdle 100 gallons of 
milk. The rennet is diluted with water and is 
stirred into the milk at about 95°r. The milk 
is allowed to “ set ” undisturbed, i.e. for 20- 
30 minutes, and the curd is cut with special 
knives. The mass is then agitated, gently at 
first, and then more vigorously, whilst the 
temperature is raised to I50°F., about 1 hour 
being taken in the process. Considerable skill 
needs to be exercised during this cooking pro- 
cess or *' cheddaring ” (i.e. the formation of tough 
rubber-liko agglomerates) will occur. The curd 
is then allowed to settle and the whey drawn off. 
The casein is washed, pressed, .and dried os 
before described. The mechanism of rennet 
precipitation has been extensively studied by 
Ch. Porcher in several papers in Lait, 1930 and 
1931. 

Caseins having physical properties inter- 
mediate between those of rennet and acid or 
lactic caseins are sometimes prepared by allow- 
ing the acidity to develop, as in the “ self- 
souring ” process, and then, before a Pf^ of 4-6 
has been reached, precipitating with rennet. 

Curdling by Electricity. — ^Various methods of 
precipitating casein by electricity have been 
described, but, as far as is known, none is com- 
mercially employed. In general they can be 
classed as modifications of the acid precipitation 
method, rather than true applications of electro- 
phoresis, as precipitation is said to be due to the 
phosphoric acid liberated by the electrolysis of 
the phosphates present. A method of obtaining 
casein and lactose by electro-dialysis is described 
by G. Jiro Kato (J. Soc. Chom. Ind. Japan, 
1933,36,168b). 

Drying the Curd. — Various devices have been 
described, but the most important points are 
the avoidance of local overheating, causing 
darkening, and of too slow drying, when the 
casein may become sour and mouldy. The 
temperature must be carefully controlled. The 
simplest drier is a tunnel, through which trays 
of casein move in the opposite direction to a 
dnmgbt.of warm air. Other devices employ a 
heated cylinder whieh is rotated to keep the 
casein in motion. 

PaorEBTiES OF Commercial Casein. — Rennet 
casein should be clearly distinguished from acid 


or lactic casein, since they are used for totally 
dissimilar purposes. The former is almost 
invariably sold in the unground state, whilst 
the latter may be unground or ground to various 
degrees of fineness up to 120 mesh. The colour 
is best judged from the unground material. 
High-grade rennet casein is practically white, 
whilst unground lactic casein has a pale yellowish 
tint. Both should be free from dirt and dark 
particles. 

Some differences between acid and rennet 
casein are given in the papers of H. Courtney 
Bryson mentioned below (see also C. A. Cooper 
and P. G. T. Hand on the determination of pyj 
of reimet casein, J.S.C.I. 1936, 55, 341T). 

The following table gives typical analyses 
of commercial casein : 



Eennet. 

Lactic. ' 

Protein (N x6-38) 

. . 78-0% 

85-0% 

Fat .... 

. - 1-0% 

2-5% 

“ Ash ” . 

. . 8-0% 

1-0% 

Moisture . 

. - 11-5% 

10-5% 

It will be seen 

that the “ ash ” 

is much 


higher in the case of rennet casein. Rennet 
casein differs from acid casein chiefly in its 
solubility in alkalis. Acid casein is readily 
soluble in the hydroxides, carbonates, bi- 
carbonates, sulphites, borates, etc., of the 
alkaline metals. Rennet casein is insoluble in 
sodium carbonate and bicarbonate, and is only 
partly soluble in borax and ammonia. It is 
soluble in trisodium phosphate. Both acid and 
rennet casein are soluble in alkaline earth 
hydroxides, but the insoluble caseinates are 
speedily precipitated if an excess of alkali be 
present. 

Acid casein is readily soluble in cold alkali 
hydroxides, but with the other alkalis it 
dissolves only slowly and warming is usually 
practised. The easiest way to prepare a solution 
without obtaining lumps is to mix the casein 
and alkali solution in the cold, stirring vigorously 
whilst doing so, and then to allow the mixture to 
stand for about 15 minutes. The temperature 
is then raised to 130°-140°F., and the mixture 
stirred until the casein has completely dissolved, 
about 10 minutes usually being required. 

According to E. Sutermeister (“ Casein and 
its Industrial Applications,” New York, 1927) 
the quantities of alkalis required to dissolve 100 
parts of casein are : 


NaOH 3-95 

NHjOH 315 

NajB4O,.t0H2O .... 14-70 

Na3P04,12Hj0 12-30 

Nas,S03,7H20 14-00 

NajCOj 5-14 


The solutions of casein in alkalis are not 
coagulated by heating but are precipitated by 
acids and by many metallic salts. In the 
former case, the casein is thrown down un- 
changed. The stability of alkali casein solutions 
depends on the p^ value. Even avith quite low 
Pu values slow hydrolysis occurs, and the 
physical constants show a change within about 
24 hours. Hydrolysis is more rapid with more 
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nikniine solutions. Eormaldcln dc forms with' 
casein a highly insoluble compouml, and this 
property finds wide application in industry. 

The viscosity of different samples of com 
mercial casein, dissolved in alkali according to, 
the same formula, vanes considerablj, and is of 
great importance in the indiistnal use of casein. 
The subject IS distinctly complicatcil, but 
viscosity appears to depend, amongst other 
factors, on the previous history of the casein, 
the pn of the solution, and the age of the latter 
Some interesting studies on the \iscosily of 
casein by H Courtnej Brj’son occur «i Bntish 
Plastics, 1932, 3, fllO. S12. 514, .507 The extent 
to which alkaline solutions will froth is also a 
variable property of importance to the user, 
espeinlly in the paper industry It is probable | 
that frothing is connected with slight decom I 
position of the casein rather than with gross 
causes such as the amount of undissoKed 
matter present, as was oiico believed (r. infra 
Casein in the Paper Manufactunng Industries, 
p. 415) 

The “ash" is n determination to which 
man} users attach considerable importance, but 
the calcium content is a much more reliable 
figure, HS the " ash ” can bo made to vary 
widely according to the method of ashing 
Consideration is also given to the moisture, to the 
fat as determined b} a modified Werner Schmidt ! 
method, and to the nitrogen The amount of ' 
matter insohihlo m alkali is a good indication of 
quality and is often included m specifications 
Reference to methods of anal}sis will be found 
m Jepheott and Ratchffe (Proc. Intern Dairy 
Cong, 1925, II. 1271) . Hex (Cbcm Ztg 
1025,49, 3074, 1930,54,421), Marciisson and 
Picard (Milt Matenalpruf . 1927. 5. 122, 1927, 
B. 890) I Paper Trade J. 1932. 94. T.APP1 
Sect. 26S, B, 748 , and various papers in Lait, 
for 1928, 1929, 1932, and 1934 

Uses or Caseiv — The chief sources of supply 
of rennet casein are France and New Zealand, 
of lactic casein, Argentine, France and New 
Zealand, smaller amounts being made m India 
and European countries Imports from the 
Argentme probably exceed those from France 
and New Zealand combined^ hut the former are 
generally inferior to the latter 

The industrial applications of casern arc 
manifold, and it is impossible to enumerate 
them all in this article. On the one hand is the 
large field of casein plastics i ), and on the 
other are applications more or less linked with 
the ndheane properties of casern, mz glues and 
cements, paints and distempers, paper and card 
hoard making, leather finishing and calico 
printing, etc. The fields merge into one another 
at numerous points. Casein is an excellent 
emulsifying agent and is u«ed m both medicine 
and industiy for that purpose. Finally, casein 
IS widely used in food preparations and in 
medicines. 

Rennet casein is almost exclusively used in 
the manufacture of plastics, whJst acid rasem 
is chiefly emplov ed in the other fields mentioned. 

AtJMEVTARY Casein. — T he term “alimcn* 
tary casein " u verj* loosely used in the m 
duatrj', and whilst some consider its use properly 
to be restricted to casein precipitated w itb acetic 


add. It often refers simplj to finely pouarl, 
high grade lactic casein. ' ' 

The use of casein as a food mitenal n df. 
pendent on its high protein content and to th« 
pre«encc of phosphorus. Owing to its insolu 
bihty. It is rarely emplojed .as such, hut as one 
or other of the soluble ca«einates CasmatM 
are used in a number of proprietarj diabetic wd 
invalid food preparations. Most of these are 
a loose combination of casein with 5% sodium 
glycerophosphate. Calcium and sodium ca*ein 
ates have a limited use in infant feeding 
Casein has been u«ed as a food adulterant 
and as a constituent of egg and other "sub 
stitutcs.” 

Casein as a constituent of cheese is outside 
the scope of this article, but mention nay be 
made of the use of easein m the manufacture ef 
certain soft cheeses, particularly in German), 
where a proportion of casein is sometimes m 
corporated with fresh curd, dependent parti) on 
local taste and partly on the economic conditions 
prevailing Casein for this purpose must hare 
been prepared with exceptional care, for the 
prtsence of extremely small traces of iron cauwi 
d.arkcnmg of the cheese as it “ ripens " 

Casein in Wldicine — In addition to its ure 
as an emulsifying agent m the preparation of 
emulsions and ointments, colloidal suspensions 
of the casemates of the heavy metals have been 
employed 

Additive compounds with iodine (eg lodo 
Casein N.N.R Amor. Med Assoe ) have beett 
widely used as an easy method of administering 
this element. 

Preparations containing casein formaldehyde 
and casein tannic acid compounds have twen 
employed, the former as a protective covering 
for wounds and the latter as a means of adminii 
tenng tannic acid. 

Casein Glues — C onsiderable antiquity h 
claimed for casein glues or cements, but they 
I have come into greater prominence during recent 
years They were used extensively in aircralt 
manufacture during the wnr, and now find 
wide application in the plywood and veneer 
industry {cf B S S Casein Cement, 3V 2) 
Adh/saivea. cmuuatin^ aimj^ly nf aohitions of 
casein in caustic soda, borax, or ammonia are 
not usuaUy employed for woodwork, but are 
widely used in the manufacture of cardboard, 
paper tubes, etc., and, in a totally different field, 
in the manufacture of double cloths 
The basis of most casein adhesives is hme, 
and the waterproof qualities are usually dnaj® 
the conversion of the casein into insoluble 
calcium casemate after glueing. The term 
“ waterproof ” is rather a misnomer, as no ea«e‘0 
glue IS fully waterproof. “ Water resistant 
would be a better term. 

A moderately strong glue is given by • 
formula of the type of : 

Casein 7 5 parts 

Slaked lime .... 1-5 „ 

Caustic soda ....10,, 

Water 30 ■» 

The presence of free caustic soda is a dis- 
advantage. 
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Lime alone, e.g. : 

Casein 10 parts 

Slalced lime .... 2 „ 

Water 40 „ 

gives a strong glue, -with high -waterproof quali- 
ties, but such a glue has only a short working 
life and must be used within about half an hour 
of mixing with water. 

By far the most popular type is that employ- 
ing lime and a sodium salt, with which it forms 
a precipitate. Numerous salts have been used, 
but sodium fluoride has a well-deserved popu- 
larity. If the ratio of lime to sodium fluoride 
is increased, the waterproof qualities are greater 
but the working life is shorter, and the exact 
adjustment is a matter for the consideration of 
the user. 

Casein glues containing lime and sodium 
silicate have been used. 

Whilst many glues are marketed as powders, 
requiring only admixture with cold water before 
use, it is advantageous, if the glue is to be pre- 
pared from its components, to soak the casein 
first in some of the water and then to add the 
other ingredients dissolved or suspended in the 
rest of the water, stirring until the mixture is 
liomogeneous. By this method the danger of 
lump formation is minimised. 

The testing of casein glues is a complicated 
subject, into which many factors enter. In- 
significant variations in the wood of the test- 
pieces have a big effect on the results. The 
length of time which elapses between the 
mixture of the glue with water and its applica- 
tion to the wood has a great influence on the 
strength of the joint. 

The use of formaldehyde in the manufacture 
of waterproof glues has been described but has 
not found wide application. 

An enormous number of patents have had 
ns a basis the admixture of inert substances, 
such as cork, rubber late.x, or asbestos, with 
a casein glue for the preparation of agglo- 
merates. 

Casein Paints and Distempebs. — Casein has 
for many years found an extensive application 
in paints and distempers. Casein paints have 
the advantages of cheapness and, ns they can 
be sold in the dry form requiring only admixture 
with water, of convenience over oil paints, whilst 
they are more easily and efficiently waterproofed 
than paints containing glue or dextrin. The 
widest use of casein in this industry is in the 
preparation of washable exterior paints. These 
comprise an alkaline solution of casein ns 
“binder,” an inert substance such ns whiting 
ns “ covering,” various pigments (which, of 
course, must bo fast to alkalis), and lime to 
convert the casein into insoluble calcium casein- 
ate and thus to confer washable properties. 
Other substances, such as formaldehyde and 
hexamethylenetetramine, have been used for 
the latter purpose, but, for cheapness and 
simplicity, h'me is preferred. The quantity of 
lime must be carefully chosen. Too little affects 
the stability and the waterproof qualities 
ndvcrsclj’, whilst too much causes premature 
precipitation and the paint to flake off. 


Suitable pigments are: 

For white : Whiting, china clay, zinc oxide. 

„ yellow : Ocre, hansa yellow, naphthol 
yellow, chrome yellow. 

„ brown : Umber, sienna. 

„ black : Carbon blacks. 

„ red : Oxides, lithol red. 

„ blue ; Ultramarine. 

„ green : Green earth, ultramarine green, 
lime green. 

A general article on casein paints appears in 
Ind. Chem. 1932, 8, 146 (H. Courtney Bryson), 
from which the following simple typical formula 
is taken : 

Casein 10 parts 

Lime 12 „ 

Chalk 60 „ 

Clay 10 „ 

Pigments 8 „ 

Glycerol or glucose can be added to prevent 
cracking and to ensure adhesion (sec also Kurt 
Beck, Gelatine, Leim, Klebstoffe, 1934, 2, 173). 

Alkaline solutions of casein are used some- 
times as “ binders ” in ordinary non-washable 
distempers, but glue is more often employed. 
They are also sometimes used with oils, replacing 
some 25-50% of the water, and the resulting 
paint is very satisfactory for outdoor work. 
Fireproof paints frequently include phosphates 
or silicates. Another class of casein paintis one 
including rubber latex. A washable paiht for 
paper {e.g. wallpaper), cloth, or leather is pre- 
pared by mixing an ammonia solution of casein 
with glycerin and formaldehyde. 

Casein in the Paper Manufacturing 
Industri '. — A very important application of 
lactic casein is in the paper-making industry, 
especially in the manufacture of high-grade 
surfaces, such ns art papers. It is successfully 
competing with bone-glue and starch, over which 
it has the advantage of being more easily made 
waterproof. The casein itself must be of a high 
quality, free from insoluble matter, and with 
no tendency to froth under the conditions of 
use. 

A solution of casein is prepared, usually with 
two or more alkalis, the choice of alkalis being 
dependent upon the paper stock and type of 
machine used by the individual manufacturer. 
The corrosive nature of caustic soda rather 
counterbalances its cheapness. Borax cannot 
be used with satin white. Ammonia is very 
popular, ns any excess dries off and the coating 
is to a certain degree waterproof. 

The casein solution is mixed with various 
mineral matters, such as satin white, precipitated 
chalk, china clay, or blanc fixe. The propor- 
tions -will depend not only on the choice of 
mineral matter, but also on the coating tech- 
nique (see Mich. Eng. Exp. Sta. Bull. 1932, 
No. 42, 3). The physical properties must bo 
such that the mixture spreads evenly without 
leaving brush marks. Suitable pigments may 
also be incorporated. 

Coatings may be waterproofed by subsequent 
treatment with solutions of salts ofhea-vy metals, 
which precipitate insoluble caseinates, but most 
of these are coloured and are consequently 
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limited in their application, rormaldebyde has CASEIN PLASTICS. History of tht It. 
also been used for the purpose. Itmaybeused dusliy — About the jear 1897, W. Krischc. i 
in reUtively small quantities so that the coating printer in Hanover, e\ oh ed the idea of eoatin| 
tniTtnre can be nppbed before appreciable pre- ahitc cardboard vith a solution of casein, tbia 
cipitation has occurred, or else in the form of producing ft film uhich he intended to harden, 
hevamethj lenctetramine, which is subsequently and to render u aterproof by subsequent chcmicai 
decomposed by heat. treatment. 

Casein has found other applications in the At the same time Adolph Spitteler, of Pnenin 
paper-manufacturing industry, in particular in Baiana, was working upon the probleoi o( 
speciality papers. It has been used both ui waterproofing casein. As the result of a rel 
place of, and in conjunction with, resininsizing laboration these two workers discovered tb« 
Attempts to correlate the results of laboratory formaldehyde-casein reaction, on which tbe 
analysis and coating qualit,\ have met with whole industry is based, 
rais^ success. On this subject notice should They found that formaldchjde forma more or 
be taken of an important paper by E. O less stable compounds with casein, altering iti 
M’hittier, S. P. Gould, R. W. Bell, 31 B. Shaw, properties appreciably. They noted that eolu 
and G 3Y. Bicking find. Eng Chem 1933, 2S, bility m water and capacity for hydration had 
904) A standardise technique for the deter- been lost, and further, that the compouni 
mination of frothing has been developed by produced was insoluble in acid. An Engb<b 
C. W. Richards and L. W. JIcFail (Paper Trade patent was taken out in October, 1897, and thej 
J. 1933, 97, T.A P.P.I. See 1) Anti-frothing then devoted their energies to the exploitatioa 
agents, some of a proprietary nature (e J. of this discovery. They worked more on the 
“ Rubbenne Gel,” see Wenier Esch, Gelatine, idea of producing plastic materials in the form 
Leim, Klehstoffe, 1934, 2, 61), have found of masses, rather than as protective coatings, 
employment. The process was finally taken up by the 

Casein in mE 3lANcrACTiniE or AaTinciAE Galabth Company of Harburg, and developed 
Wool. — T he manufacture of artificial wool from by them as a commercial proposition, 
casein is being developed in Italy. Thia new Tho history of the development of the in- 
process, which has been patentee^, is the out dustiy in this country is also interesting. In 
come of the researches of A Ferretti The 1909 a Russian student, Victor Schutze of Bus. 
detaib hare so far been kept secret by the patented a process for the manufacture of solid 
patentees and by the Italian Company, Snia plastic material from tuiDc curds. This proceii 
Visrosa, operating the patents, so that little was bought by an English company, and a plant 
information is available to tbe pubbe The was erected to work it. 
general principles have been discussed in an The process as patented by Schutze was foond 
article by G. Slay in Lait, February, 1930 (c/ to be impracticable, being based on what u 
Ind. Chem. 1937, 13, Ufij It u there atat^ known as the wet process. The English 

that mineral acid casein, or casern curd, is company had therefore to work out quite in- 

dissolved in a solution of alkali or an aUcahne dependently a modification of this proens 
salt. The casein solution is forced through a This was done successfully and the process so 
metal plate pierced by numerous fine perfora- worked out is now known as thedryprocesssnJ 
tions, and the extruded hquid enters a suitable is universally adopted as tho standanl method 
coagulating bath, resulting in the formation of Dry Process . — The process is BubstaatiidJj 
fibres of casein, which are then removed and asfoUows : 

dned. The dned fibres have an appearance and TTie casein is treated by means of heat and 
properties similar to those of natural wool pressure with the minimum quantity of wstet 
It IS stated that a given weight of casein will to effect its flow during tbe process of manu- 

yield approximately a like weight of artificial facture. Rennet casein is used exclusively 

wool Tho new product is being marketed in the production of casern plastics, and the dry 

under the trade name " Lanital.” The process rennet casein is ground to pass a 40-in. nifsh. 
is being operated on a scmicoismercia) scale in It is important to note that the temperaiw 
Italy, and if the claims that have been made for of tbe casein is kept as low as possible during 
quality of product and low manufacturing costs the process of grinding, otherwise discoloration 
are substantiated, it would seem that tbi^ new of the casein will result, 
development may’ have notable repercussions on The type of miU usually used for this grinding 
the wool and casein industries. is the flour mill type, in which the material 

hliscELLANEors UsES. — The literature and passes between finely’ corrugated steel rollcn 

patent specifications contain many suggestions Sixty kg. of the ground casein is consiuef’* 
of ways in which casein can be or has been used, a standard charge for an operation. Tlie charge 
< g. for the scaling of bottles, the refining of is placed m a suitable mixer, and any dry p'? 
wines, the making of films, and m the textile ments which have to be added are mixed ift ** 
industries — in the last-named both in con this stage. . 

neef ion with calico printing and with tbe water- Tho colours are produced mostly ‘’X , ^ 

C Dofingof roatenaU. 3Iany of these appear to addition of acid dyestuffs. The dye is disson 
simply special and ingenious appbcalions of In a definite proportion of water and 
the general principles already described, and on to the mixing ; the mixing is tlicn 
noneof them has hftd any considerable indnstnal continued until a uniform distribution of * 
use. dye solution takes place throughout the 

For further references, ste Science IJbrary The mixing machines which are used tor i 
Bibhography, No. 327 (1937). H.J. process are of the dough mixing type. 
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The d3'ecl powder is now fed to extruding 
machines. These machines are of the same type 
as arc used in the rubber industry. They are 
modified in various ways to meet particular 
requirements, and consist of a jacketed worm 
arranged so that complete temperature control 
can be obtained either by steam or water 
circulation. 

The^’ are fitted at one end with a nozzle 
which has various screens inserted to control 
the flow of the material as it passes through the 
machine. 

The screw plasticises the dyed powder as it 
comes forward to the nozzle ; the screens put 
up a resistance, and assist in the production 
of a thoroughly homogeneous product. The 
material as it now leaves the nozzle of the 
machine is in a soft and rubbery condition. 

Jlottled colours are produced by mixing the 
feed powder with nibs of the complimentary 
colour or colours required. The nibs are made 
by extruding through another machine rods 
of about 4 mm. diameter. These thin rods are 
cut up by chopping machines into 4 mm. 
lengtlis. Such small pieces are known tech- 
nically as nibs. The fact that these nibs have 
passed through the machine ensures a pre- 
liminary plasticising caused by the action of 
the screw. When they are now mixed with the 
base powder and again fed in the mixture to the 
machine, they are obviously harder and tougher 
tlinn the base powder and thus stand out in 
relief to form the required pattern and colour. 

The plastic material extruded by the machine 
is made in the form of rods, ribbons, or tubes as 
may he required. If sheets are being manu- 
factured, the ribbons or rods are cut to a definite 
length, weighed off according to the thickness 
of the sheet required, and placed in a steel 
mould. The moulds are then placed in a 
hydraulic press and the material is subjected to 
heat and pressure. The final pressure ma}' range 
from 150 to 200 tons on the platen. , 

The material is cooled before removing from 
the mould. At this stage it will be found to be 
still in a soft and somewhat ruhberj' condition, 
but it is suflicientlj’ rigid to stand upright in racks. 

These racks containing the casein sheets then 
pass into the formaldoln’dc tanks, where a pro- 
longed treatment in a 4-5% solution of formalde- 
hyde is given. The thickness of the material, 
of course, determines the length of time that the 
sheets have to bo immersed, and this treatment 
ma_v vary from 10 days to 10 weeks. 

The sheets then pass from the tanks to the 
drying room and arc dried out in a plentiful 
supply of air, the temperature being kept 
round about 27°-30'C. During this drying the 
sheets may' ivarp considerably, and they have 
to bo finally straightened. This is done in 
hydraulic presses. They arc softened by .dry 
heat first of all and then pressed out. After 
this final straightening they remain rigid and 
arc ready’ for the market. The size of the sheet 
which is manufactured is usually 20 in. X IG in. 

To return to the extruding machine, the 
material which has to be made into rods is cut 
olT in 30 or 40 in. lengths, cooled, and placed in 
trays. If tubes are required, the nozzle of the 
extruding machine is fitted with a screen which 
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carries centrally a pin. This yu'n passes through 
the nozzle and may project slightly at its mouth. 
The material flows round the pin and so forms 
the required tube. 

The tubes and rods are placed in trays and 
then pass into the formaldehyde tanks, where 
they’ remain until complete formalising takes 
place. The circulation of the formalin in the 
tanks is of the utmost importance, as is also an 
accurate temperature control. Both these 
factors have a definite bearing on the length of 
time required in the formalising process. 

When the rods and tubes are completely 
formalised, they’ are dried in rotating drums 
! through wliich hot air is passed. They come out 
I of the drums at the end of the drying process 
perfectly straight. This finishes the actual 
manufacturing process. 

Further treatment of the material, such as 
sanding the sheet to a smooth surface, trapping 
the rods (which is a process of central grinding) to 
accurate dimensions, and finally polishing, both 
sheets and rods, are more in the nature of 
finishing operations than actual manufacture. 

Properties of the Material . — The specific gravity 
of the casein plastic material is 1’33-1’34 ; age 
and atmospheric conditions may cause a varia- 
tion in the figure ranging over \% either way’. 

Action under Heat . — ^At 130°C. the material 
begins to discolour, hut the change is very slight 
and is only a disadvantage in the more delicate 
colours. At 1C0°C. the discoloration shows in all 
colours, but the material still retains its plastic 
and cohesive nature. At 200°C. after some 
minutes disintegration takes place. 

The material is non-inflammable and will only 
burn on being held in a flame. It is somewhat 
hygroscopic and can bo softened in hot water, 
moulded, and pressure polished. 

It is an excellent insulator and can bo used for 
all low-tension work, but on account of its hygro- 
scopic properties it is not suitable for high- tension 
work or for outdoor work of any description. 

In most respects it is worked like horn and 
ivory; it can bo turned, drilled, polished, 
stamped, moulded and engraved. 

Altogether it has found its way into thirty or 
forty’ trades, and it is now looked upon as a 
thoroughly reliable and proved material. It is 
a beautiful material to handle and can he used 
in the production of the most delicate pastel 
shades as well as for rich and decorative colour 
schemes. On this account and also on account 
of its relatively’ low production cost, the material 
is very popular in the world of decorative art. 

E. D. 

CASEIN WOOL, LANITAL v. Casein, 
Casein in (he Manufacture of Artiiicial Wool 
(p. 41G). 

CASHEW APPLE, CASHEW NUT 
V. Anacardiuh Nut. 

CASHEW NUT SHELL OIL r. 
ANACAnDimu Nut. 

CASI M IRO ED I N E u. Casuoroine. 
CASIMIROINEandCASIMIROEDINE 

occur in Casimiroa cdulis (Fam. Rutaceio) which 
is a tree widely’ distributed throughout Mexico 
and Central America. It is Icnoun in Slexico 
as “ Chochitzapotl ” and “ Iztactzapotl,” and in 
; Guatemala as Matosano,”in the Pbarmacopceia 
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of Mexico the fruit and seed are called “ Zapote 
bianco." Power and Callan (J.C.S. 1911, 89, 
1093). The two bases are extracted from the 
Lemeb by hot alcohol. 

Canmjfojne (!)■ Cj,H{oO*Nj, m p. IOC”— 197® 
(fromEtOHorCHj COOEt) ojitically inactive, 
conlams two methoxyl groups. Its salts disso- 
ciate in HjO; jJicrafe (needles, mp 165®) and 
thloroavratt (ne^lcs, mp 193*-196®) are the 
only two crystaUine salts. For colour reactions, 
cf Power (ic). By boiling (I) with alcoholic 
potash CO| IS spilt off, and by addition of 1 moL 
of water catmxroitxnt, m.p 171®, 

w formed By extracting the mother liquor 
of (I) with ammonia, caaimtroedine (11), 
C„H„OjN,. m p. 222®-223® (from EtOH) is 
obtained. (11) is a fairly strong base, [a]^ 
—36 5®, insoluble in tho usual organic sohents 
except hot EtOH, it does not contam melhoxyl- 
groupa. It gives a erystalhne ehloroaurate, to p 
145®-148®. There is nothing further known 
about the constitution of the two bases. Both 
alkaloids are physiologically inactive. For other 


compounds, isolated from the kernels of C.rMi 
e/. Power (ic). * StU. 

CASSAVA. Two species are met With. XU. 

bitter cassava (ManiAol uhiisjima, Pohl) and 
sweet cassava (J/. palmafa Jfuel]., M. ,l,ri 
Pohl, or M. dulfis, var Atpt Pax). The fleih 
roots contain large proportions of staith xnd 
after pulping and drying on hot plates )idj 
(bo tapioca £>f commerce. The punded on 
gelatinised starch is known commercially is 
Riandioc starch or as Brazihan, Bahia, Rio or 
Para arrowroot. 

Bitter cassaxa contains small proportions cf 
hydrocyanic acid (up to 0 07%) which may he 
removed by pulpmg and washing with water. 
Sweet varieties may contain as much as 0 0CH% 
HCN, which 13 present both m the bark ami 
edible portions of the roots. 

Cassava may be boiled and eaten as a root 
regetabje or dried and ground into a Rout ftom 
which bread and cakes may be prepared. 

The following are typical analyses of caseara 
products : 



Whole 

toot 

Dtied 

Peeled 

root 

Flour 

Bread 

Tapioca 

Mauilloe itarch 

H,0 .... 

63 8 

1038 

613 

5 76 

26 00 

9-15 

12 0-160 

Protein 

0 9C 

125 

064 

2 93 

11-25 

0 3>1 S 

0-0 45 

Fat .... 

0 28 

035 

017 

042 

SCO 

01-0 5 

015-020 

N.freo extract 

32 7 

84 36 

366 

838 

4911 

79-89 

82 9-66 9 

Starch 

27 05 

73 56 

3093 

643 

_ 




Pentosans . ■ 


2 IS 



26 


.w 

— 

Fibre . . . 

0 85 

1 90 

088 

5 03 

40 

0 75 

00-08 

Ash ... . 

063 

(«) 

1 76 
(6) 

061 

(c) 

J-90 

(<«) 

I 04 
(«) 

02-1 0 

004-015 


(0) Adriano tl el (Philipnloe Agric 1937. 20, 530), 

<&) Kilns (Laadir Venuchs -Stat 1913,82,2))) 

(e) Ewell and Wiley (Amer Chem J llos, IS, 285) 

(d) )\lley(US Dept Amc I>iT Chen 1894. bull. 41). 

(1) CusIlradotSaoldad y Beaeflc. 1977, 27, Do). 


IVilcy (i c.) reports the ash of peeled roots to 
consist of K,0 41-6, Na^O 12, CaO 106 
MgO 7 35, Fe,0, 0 6G, P,0, 15 6, SO, 3 7, 
SiO, 09, Cl 2 8. CO, 9 1. A. C. Po. 

CASSEL earth or VANDYKE 
BROWN, a highly bituminous ferruginous 
earth used as a pigment. 

CASSEL GREEN r Sasjvv. 

CASSEL YELLOW. Lead ozr/cMortdt. A 
pigment also known as Tumtr'g iellov, JUtmt 
pelier Yellov, iltneral y(2io<c,andFat«ir YtUote. 

CASSELMANN’S GREEN » a basic 
copper sulphate with a bright green shade. 

CASSIA. The bark of Ctnnamomum rosaia 
Blume (Fam. Lauracem], it resembles cinnamon, 
but is thicker, coarser, stronger and less delicate 
in flavour, 

CASSIA. ESSENTIAL OIL OF. The 
oil obtained by diatdiation from the bark, twigs, 
and leaves of Cinnamomum Castia Blutne 
(Fam. Lauraceie), cultivated in China. The 
residues from the cassia bark which is collected 
for commerce are employed for the distillation 
of the oil, which is Carried out by natives under 
primitive conditions. lYactically the whole of 
the supply' IS collected in South China and in 
French Indo Cliina, The oil is purchased Crom 


tbe native distillers by dealers who sell sgsm 
in local markets to larger dealers. It is then 
shipped to Hong Kong, w bich handles practically 
(be whole of tbe export from China. Much of 
tbe oil IS shipped in leaden canisters, but il« al«> 

I available in tins and drums. 

I C<m«ti/ue?ds. — The main constituent is cinna- 
^ oiaklehyde, of wbtcb it contains 89-fK)?o 
Other constituents are tbe methyl ether of 

0 coumaraldehyde, a crystaUine substance 
melting at 46®-47®, ealicylaldchyde, coomann, 
bcnzaldehyde, methyl cinnamaldehydc, and 

, pbenylpropyl acetate. 

1 CAorociers.—The oil as imported is diyo™ 

^ into different grades according to its cuina- 
maldehyde content. For many years this has 
been deletmjned by adsorption with solution of 
sodium bisulphite, which, however, gi'” 
accurate results owing to the adsorption^* 
other constituents. Efforts have recently been 
made to adopt the more accurate hydroxyl^™*''* 
method w hich has been adopted m the “ BnUi 
Pharmaceutical Codex ” for the redistilled oi 
By the old method the genuine oil gave a 
indication of 90-95% cinnamaldehydc, »n 
this grade was reduced by the addition 
mixture of resin and petroleum to SO-®*'/*' 
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grade.- Formerly lower grades were marketed 
but these have now been practically abandoned. 
It is hoped that the pure oil only will eventually 
be demanded by shippers. 

The characters of the genuine oil are as follows: 
sp.gr. at 15° l'05.5-l-070, — 1 to +6, 

1-600-1 -GOB, it is soluble in 3 vols. of 70% 
alcohol. Ihe percentage of cinnamaldehyde 
ns determined by the hydroxylamine method 
is not less than 80%. This corresponds with 
about 90% by the bisulphite method. The oil 
should be free from alcohol, resin, and petroleum. 
Alcohol is detected by shaking with a saturated 
solution of brine and distUling the brine solution 
after shaking wth light petroleum. From the 
specific gravity of the distillate the percentage 
of alcohol can be calculated. Resin is detected 
by adding a solution of lead acetate in 70% 
alcohol to a solution of the oil in 3 vols. of the 
same solvent. If resin is absent a clear solution 
is obtained. Light fractions of petroleum can 
be detected by distilling the oil with steam, 
when the petroleum separates from the dis- 
tilled oil as a separate layer. 

Bedislilled Cassia Oil is official in the " British 
Pharmaceutical Codex,” and in the “ United 
States Pharmacopoeia,” where it is described as 
oil of cinnamon. The characters of this oil are : 
sp.gr. at 15-S 1-035-1-065, -|-1 to —1, 

1-600-1 -606, cinnamaldehyde content not less 
than 80% by weight, determined by the 
hydro.xylamino process. Soluble in 3 vols. 
70% alcohol. C. T. B. 

CASSIA TORA (Linn.) or TAGEREY- 
VEREY, This plant produces grains known 
in the East Indies, Arabia and Japan as Tora, 
but which are known in Pondicherry and other 
parts of Hindustan as Tagerey-vcrcy. It is 
regularly used as a component of tlio indigo vat 
in dyeing, apparently serving the same purpose 
ns the bran-madder or molasses used in Europe. 

The native dyers use the Tagcrey-vercy in the 
following manner. To dj-c about 200 yds. of 
cloth, llj lb. of the grain are steeped in from 
6 to 6 gallons of cold water, and then boiled 
for 4 hours. The grains are swollen and 
softened by this treatment, and the water 
becomes thick and gummy. The whole of this 
is added to the indigo vat, and after standing 
for 16 hours the vat is ready for use (Elbome, 
Pliarm. J. 1889, 3, 242 ; Hooper, Bot. Jahresber. 
1890, ii, 479). 

CASSITERITEorTIN-STONE. Native 
tin oxide, SnO,, containing 78-6% of tin, and 
practically the only ore of the metal. It varies 
much in appearance — the colour ranges from 
while to black, being usually dark brown — ^and 
its most characteristic feature is its high sp.gr. 
of 6-8-7-1 ; hardness, 6-7, easily scratching 
glass. Crystals are tetragonal, with highly cha- 
racteristic knee-shaped twins ; their faces are 
often very brilliant with an adamantine lustre. 
There is an absence of cleavage ; and this 
readily helps to distinguish the mineral from 
blende. Crj-stals are, however, not very- 
common, the mineral being more frequently 
found ns disseminated grains and water-worn 
pebbles. Grains of cassitcrite in a concentrate 
panned from a river sand may bo readily 
detected by a very simple and characteristic^ 


test. When placed on a zinc plate, or in a basin 
with fragments of zinc, and dilute hydrochloric 
acid poured over, any grains of tin-stone soon 
show a shining white eoating of metallic tin. 
Veins of tin ore usually occur at the junction 
of granitic masses and -slates, and the ore also 
impregnates the rocks bordering the veins. 
Such ores are known as vein-tin, to distinguish 
them from the stream-tin of alluvial deposits. 
A compact variety with a radially fibrous and 
concentric structure and sometimes a botryoidal 
surface is known as wood-tin. The ore as pre- 
pared for market is known as black-tin, and in 
South America as barilla. The principal tin- 
producing countries are the Federated Malay 
States, the islands of Banka and Billiton in the 
Dutch East Indies, Siam, China, Australia 
(Queensland, New South Wales, Western Aus- 
tralia), Tasmania, Bolivia, Cornwall, and more 
recently South Africa (Transvaal and Swazi- 
land) and Northern Nigeria. The production 
of tin ore amounts to about 170,000 tons per 
annum. L. J. S. 

' CASSIUS, PURPLE OF. A purple pig- 
ment, used chiefly in the manufacture of ruby 
glass, and stated by Haber (Physikal. Z. 1924, 
25, 45) to be a mixture of colloidal gold and 
colloidal stannic acid. It can be made by 
adding tin chloride to a solution of ferric chloride 
until a green colour is produced. The solution 
is then added gradually to a solution of gold 
chloride (AuClj). It was discovered before 
1685 by Andreas Cassius. 

CASTELAGENIN v.Castelin. 

CASTELIN, CijHjjOgSAq. M.p. 205°. 
Wn -f 62-9°, is a glucoside isolated and named 
by Bosman (J.C.S. 1922, 121, 969) from the 
bitter bush (Castela Nicholsoni) and other 
Simarubacere, decoctions of which have for 
centuries past been used for dysentery, malaria, 
etc., by the natives of China, Mexico and Texas. 
It is hydrolysed by 20% hydrochloric acid to 
glucose, and an aglucone, castelayenin, of 
unknown constitution. E. F. A. 

CASTOR or CASTOREUM. This sub- 
stance is one of the few animal perfume materials, 
analogous to civet and musk. It is a secretion 
of the beaver {castor fiber) contained in cellular 
glands situated under the abdomen, near the 
genital organs. These glands are cut out and 
dried. The secretion, which is soft at first but 
hardens on keeping, is occasionally used in 
medicine, its main use being in perfumery. It i.s 
collected by native Canadian hunters and 
brought in to the Hudson Bay Companj-’s depot, 
who may be said to hold the monopoly of the 
product. 

Little is knoum of its composition. In 1848 
Wohler (.4nnalen, 1848, 67, 360) made a cursory 
examination of it and stated that phenol was 
present. It has been found to yield 2-1% of 
essential oil, which contains o-cresol, a phenol 
acetophenone, benzyl alcohol, 
l-bomcol, p-etbylphenol, and a metho.xy- 
containing phenol (Walbaum and Rosenthal) 
(J. pr. Chem. 1927, [ii]', 117, 225). These 
chemists consider that the phenolic bodies are in 
part, at least, due to the smoke of the fuel used 
in drying the organs of the trapped beavers. 
St. Pfau (Perf. & Essent. Oil Rec. 1927, 18, 206) 
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has al«o found present ft ebaraetcnsticaU} 
odorous lactone, and also cth)lphenol. 

A genuine castor should yield betrreen 85 and 
V(fi/o when extracted with ether. The a«h 
should not exceed 1%. E J. P. 

CASTOR OIL IS obtained from the seeds of 
ilic»n«j tommunis, L , and B. tanguineua (the 
red or purple castor). The former plant appears 
to bo indigenous to Afnea (Egjpt), but was 
tran«planled to India at a very early stage of 
history, so that some writers consider the plant 
mihgenous to India itself The plant grows in 
enormous quantities in all tropica! and sub- 
tropical countries, and is even found wild to day 
m South \menca, notably in Paraguay and the 
Argentine. The purple castor is best acch- 
inatiscd in Korth Africa and the Mediterranean 
area (Jforocco, Italy, Egypt, etc), and u 
cspctially valued for the prwluction of pharma- 
ceutical oils. 

>«umerou8 closely allied species of R}einus are 
kno«n, blit have not jet been exploited on any 
large scale, although in some cases the seeds 
contain considerably greater amounts of oil 
than the commcreial varieties (ey 6Ch-70%, and 
exen 85%) , for an account of these plants and 
their oils, «« Be«se (Thesis, Pans, 19’$), Andr6 
and Bessd (Bull Sci. Pharm. 1931. 38, 4S7), 
Eberhardt (“ Le Ricin,” Pans, 1931), Shrader 
(U.S. Dept. \gTic. Bull. 867. 1920). 

The most important sources of castor seed arc 
East India (which furnishes about three quarters 
of the world’s crop), Java, the ilediterranean 
countries, Slexico, and the United States of 
America, whilst the cultivation of the pLint 
has of recent years been developed in the 
Egyptian Sudan, Fiji, the East Afhcao Pro 
tectorates and South Bu<sia 

The seeds consist of of husks, which are 
rich in mineral matter, but contain no oil, and 
80% of kernels, forming a white, eoftisb mass. 
The seeds contain the toxalbumm firm, or 
ncinine {(/. Osborne, Mendel and Hams, Z. 
anal Chem 1007, 46, 213; S. Inowe, J. Soe. 
( hem Ind Japan, 1937, 40, 122B) 

The kernels contain a poixerful fat-hydroly sing 
eiiiytne (Iipq«) ; advantage is taken of the 
presence of this n.atural fat sphtting agent in 
the commcreial process for the production of 
fatty acids from oils (particularly from castor 
oil) by the enzy me ” or *' ferment ” process 
of eiponificalirm, m uhith a “ferment” pre- 
pared from macerated castor seed is employed 
to catah se the hy droly sis of the oil. The bpase 
can be extracted from ca»tor beans by means 
of ether (Falk and Siiguira, J Amcr. Clicin. 
Soc. lOlo, 37, 217) Castor lipase is able 
to catalyse the hydrolysis of oils at tempera- 
tures ns low ns —5 C (Blxnchet, Compt. 
rend. 1014, 158, SOo) , UilMatter and 

Wald«fhmidt-Lcitz (Z. phy«io1. Chem. 1924, 
134, 161), in ogreement with Haley and lAman 
(J. Amer. Chem. hoe. 1921, 43, 2(i(>l) and Falk 
(ihiJ. 1020, 48, 1055) ha\c shown that the 
lipase (“ Bpemiatolipasc “) pre«cnt m onlinaiy 
resting (dormant) castor-«c«l po-»!‘c«ses lipolytic 
activity m acid media at nn optimum py of 
4'7-.'» {<•/. Tanaka, J. Coll. Eng. Tokyo, 1912, 
(\), No. 4, 125 : J. 8oc. Chem. Ind. Japan, 
1918, 21, !12 ; .Armstrong and Go»n«^‘, I’toc. 


Boy. Soc. 1913, B, 86, 586 ; 1911, B, 83, 176) 
WTicn castor seed germinates, the li^Ijtic 
enzyme changes its character, and u convertei 
into the enzyme “bhstoLpa«c” (WiHstitterinl 
A\aldsehmidt-Lcitz, Ic.) which displays man 
mum activity m neutral solution (r/. Padra 
and Spada, Giom. biol. appl. ind. chim. 193!. 
1, 81; Connstein, Hoycr, and Wartenberg, Bn 
1902. 35, 3988) • this change appears to be thr 
result of the action of a proteolytic seed enzyne 
on the protein like colloidal carrier of the castor 
lipase (f/. Waldschmidt Lcitz, Chem. and Ind 
1936, 625), (For the preparation of technical 
castor seed ferment, see Kita and Osumi, J. Soc 
Oiem. Ind Japan, 1023, 26, IIB; Sudterooch. 
J Indian Inst. Sci 1922,5,119.) 

The hydrolysis reaction is a reversible one, 
And, under suitable conditions, lipase is capable 
of inducing the synthesis of mono , di , and tn 
olein from an emulsion of oleic acid and gly ccrol 
(Krausz, Z angew. Chem. 1911, 24, 829). 

Castor seeds contain, about 46-o5% of oJ , 
on the manufacturing scale, about 40% (on the 
seed) can be recovered by expression. For the 
production of the best quality oil (for rnedicmal 
purposes and for aero engme lubncation), the 
sccfls are decorticated before bemg expressed in 
tbeooid Thepress cakeisgubjectedtoaiecend 
an<l third expression, but the oils so obtame<l 
are unfit for medicinal use, and are employed 
for teehujcal purposes (soap making, Turkey- 
red oils, and loonratiug oils) The lowest grads 
of oil IS obtained by solvent extraction (usually 
with carbon disulphide) from the final preu 
residues. 

The cakes retain the toxalbumm, nets, and 
arc therefore unfit for feeding purposes ill 
though various methods for removuig the ncm 
bftx e been proposed (r/. Indian Trade J. 1908, 9, 
309; 1009,11,273; Petrosyan and Ponomirer, 
Sebwemezuebt, 1934, 4, 33), castor coke has not 
yet been used as cattle food ; it is largel) 
employed, however, ns a fertiliser, bemg nch in 
nitrogen (r/. Bull. Imp. Inst. 1911, 9, 33). 

A simple physiological method of detecting 
castor seed m other seeds is dwenbed by 
Lander and Gcako (Analyst, 1914, 39, 292) : 
for a review of other suggested methods, 
Wagenaar (Z. Enters. Lebensm. 1929, 57, 413), 
and Better (Allgcm. Ocl- Fett Ztg. 1932, 29. 
641). • ^ _ 

Castor oil is a colourless or pale greenish oil. 
having a taste at first mild, then harsh, but the 
finest rnedicmal quality is practically tasteless , 
the harsh taste is more pronounced in Amencan 
thao in Italian or French oils. Castor oil ij 
non-dryuig, and has the following analytic*! 
characters: spgr.j” 0 959-9 9CS, refractive 
index l-477-l-47a/20'C., iodme value 81-W. 
saporufication value 175-183, acetyl value 133- 
154 (usually about 150), unsapomfiablc msttcr 
0 4-0 7%, melting-point of fatty acids 13 
(Beaso. TliesLs, Paris, 1929 ; cf. Andri ini 
Bcs^. Ball Sri. Pharm- 1931, 38, 487, reporo 
'Pgr-M 0 9485-0 9532, aapomfication values 
178-102, and acetyl values of 
castor oils extract^ by means of carwm om - 

phide). The setting point of expressed cMwr 

U Mj. -10- to -IS-C. i, crcptioMlly If- 
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The oil is strongly dextro-rotatoiy {[a],, +7-0 to 
Decring and Redwood, J.S.C.I. 1894, 13, 
959 ; cf. Bessc, l.c.)., the optical activity being 
due, probably, to the presence of an asymmctrio 
carbon atom in the constituent ricinolcic acid 
(cf. Andre and Besse, Ann. combust, liq. 1931, 
6. 245). 

Castor oil is characterised by the jircsence in 
predominating amount of glycerides of ricinoleic 
(ll-hydroxystearic) acid, as a consequence of 
which the oil is distinguished from all other 
commercial fatty oils not only by its optical 
rotation but also by its high specific gravity 
and acetyl value (see above), and by its complete 
miscibility with absolute alcohol and glacial 
acetic acid, and its insolubility in large quantities 
of light petroleum, kerosene or high-boiling- 
paraffin oils. 

The oil gives a homogeneous solution with an 
equal measure of light petroleum, or with 1 J vols. 
of kerosene ; if more solvent is used, the excess 
will float on the top of the mixture. If castor 
oil bo mixed with a small quantity of another 
fatty oil, the characteristic insolubility in 
petroleum distillates is lost. 

Castor oil also possesses the highest- viscosity 
of all known fatty oils, only “ blomi ” oils and 
rosin oil approaching it in this respect ; typical 
values arc shown in Table 1 below, in which 
some figures for competing solvent-treated 
mineral oil lubricants have been included for 
comparison : 


Table I. — Viscosity of Castor On., etc. 



Castor oil. 

Solvcnt-trc.atcd 
mineral oil. 


First 

Iiress- 

Ings. 

Second 

press- 

ings. 

“ Avia- 
tion." 

"Heavy 

Avia- 

tion.” 

Viscosity, Red- 
xx'ood — 

Secs. 

Secs. 

Secs. 

! 

Secs. 

At 70‘’F. . . 

1 4,250 

3,600 

3,200 

4,400 

At 100°F. . . 

' 1,160- 

1 

1,000 

1,350 

AtHO^F. . . 

1,190 

340- 

335 

1,320 

410 

At 200'’F. . . 

350 

95 

95 

160 

120 

\'iscosit3' index . 

80 

87 

102 

108 

Open flash point. 

542°F. 

500°F. 

— 

— 

Sp. gr. at 60°F. . 

0-900- 

0-962 

0-882 

0-888 

0-908 





Tbo fatty acids of castor oil consist of 80-82% 
of ricinolcic acid, 7-9% of oleic, 1-3% oflinolic, 
and 2-5% of stearic and dihydroxystcaric acids 
(cf. Eibner and Jliinzing, Cbcm. Umsehau, 1025, 
32, 153 ; Hciduschka and Kirsten, Pharm. 
Zentr. 1930, 71, 81 ; Panjutin and Rapoport, 
Chem. Umsehau, 1930, 37, 130 ; Toyama and 
Ishikawn, Bull. Chem. Soc. Japan, 1930, 11, 
735 ; Bomer and Brebm, Z. Unters. Lehensm. 
1930, 72, 1). Tbo hulk of the ricinolcic acid 
is present ns the gl3-ceride tri-ricinolcin ; 
in addition, di-ridnolco-slcarin and tii-olco- 


rlcindlein have been identified bj' Eibner and 
Miinzing (l.c.), whilst Andr6 (Compt. rend. 
Congris , du Graissage, _ Strasbourg, 1931) 
records the presence of di-ricinoleo-linoUn and 
di-ricinoleo-mono-dihydroxyslearin. 

Crude castor oil intended for lubrication max' 
be refined by steaming the oil, in order to 
inactivate any lipase present and to coagulate 
albuminous impurities, so that they can be 
removed by filtering ; the oil is then deacidified 
with caustic soda if necessary. According to 
Russian experience, however, it is preferable 
that the oil should not be filtered before the 
treatment with alkali, as the presence of 
the albuminous matter is stated to facilitate the 
separation of a coarse-grained soap-stock (cf. 
R. Henblyum, Allgem, Oel- Pett-Ztg. 1933, 
30,77). 

The medicinal use of castor oil is xvell known ; 
the cause of the purgative action is not 5’et 
full3' understood, but it appears to be associated 
with the oil itself (ricinoleic glycerides) and not 
xvith any odventitious constituent (cf. Kormann, 
Z. Deuts. Oel- u. Fett-Ind. 1926, 46, 193 ; 
Hciduschka and Kirsten, l.c. ; Valette and 
Salvanet, Compt. rend. Soc. Biol. 1936, 122, 68). 

Owing to its cxtremel3' low setting-point, 
high viscosit3', and its comparatively flat 
temperature-viscosity curve (viscosity index 
80-90), castor oil has proved a ver3' x'aluable 
lubricant for internal combustion engines, and 
in particular for racing motor-c3'cle and aero- 
plane engines. For the latter purpose the 
highest quality of cold-pressed oils is employed. 
The specification for castor oil for lubrication 
draxx'ii up 63’ the Air Ministr3' of Great Britain 
(Air. Min. Spec. DTD 71) requires that the 
oil shall have : sp.gr.^o"*'- 0'959-0’908, vis- 

cosity at 200°F. not less than 20 centipoises 
(about 93 seconds. Redwood), acid x-alue not 
over 3-5, unsaponifiable matter not exceeding 
0-8%, iodine x'alue 82-89 ; in addition the oil 
must remain perfectly clear xvhen exposed (in a 
closed tube) to a temperature of — 10°C. for 4 
days, and a solution of 1 part of oil in 4-15 parts 
(by weight) of alcohol (sp.gr.'^’^ 0'8303) must 
be perfectly clear at 20'’C., and must remain 
clear xvhen cooled to 0°C. for 5 minutes. The 
requirements of Air Min. Spec. DTD 72 for 
“ treated ” castor oil (presuraabl3' demar- 
garinated oil) are more stringent as regards the 
cold test (10 da3's at — 10°C. xvithout turbidit3') 
and the alcohol-solubility test (cf. also British 
Standard Specification 650/1936 for castor oil 
(“ firsts ”) qualit3', and Specification of U.S. 
War Dept. (Castor oil for internal combustion 
engines is, hoxvever, noxv being displaced to some 
extent by special grades of heax'3' mineral 
lubricating oils which have become available 
since the introduction of the nexver solvent- 
processes of refining, cf. Table 1.) Stable com- 
pound oils consisting of castor oil xrith 5% of 
mineral oil, or mineral oil containing 5% of 
castor oil, are also used as lubricants. 

An imiiortant class of materials of the type of 
“ Turke3'-rcd Oils ” is obtained b3' the more or 
less intensive sulphonation of castor oil ; 
these products, xvhich originall3' acquired 
importance ns mordants in alizarin d3’eing, are 
extcnsivcl3' used as wetting-out and emulsifying 
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agents in the djeing and hnishing of textiles, 
in the preparation of “ soluble " (i.«. eionlsified) 
lubricating oils {cutting oils, etc) and m the 
leather industry for the fat litjiionng of leather 

Castor oil itself is also emplojed m the manu 
faoturc of transparent soaps, as a softener 
for nitrocellulose lacquers, e J for artificial 
leather finishes and aeroplane “dopes” (c/ 
British Standard Specification 3D5 Aircraft 
Materials — “Castor oil for nitrodopc cover- 
mgs ”) and, more recently-, as an ingredient of 
synthetic resins and plastics The oil also finds 
minor applications as a dressing for leather- 
bcfting, in the preparation of fly gums and other 
adhe<ives, and in pharmacy ,as a hair oil and 
massage oil 

On subjecting castor oil to destructive distil 
lation, “ cognac oil,” a mixture of undccjlenie 
acid and bcptaldehydc (ucnanthaldehjde) is 
obtained, uliilat pyrolysis of the sodium soaps 
of castor oil fatty acids yields tec octyl alcohol 
and methyl hexyl ketone , all these materials 
are important intermediates in the perfume 
industry , heptaldehyde forms the basis for the 
preparation of the synthetic “laamme” 
perfumes. 

The use of castor oil (ricinoleicueid) as a raw 
material for the preparation of an artificial 
drying oil has been patented by Scheiber, 
US.P. 1042778 

By beating castor Oil for 10 hours at a tempera- 
ture of 2G0*-S00* under a pressure of 4-6 alms., 
it becomes miscible with mineral oils (e/ H. 
Nordlmgcr, 0 P. 104499 , lilhers London Co, 
BP 103099, neisenstem, US.P. 1715785) 
Such products (marketed in Germany under tbe 
name .F/orieino«f or Z><ri<inMl) found some 
use at one time as ingredients of compound 
lubricating oils, but appear to baxe fallen into 
disuse When heated at 150«-250*. and then 
neutralised with alkali, castor oil yields soaps 
which are soluble in hydrocarbons 

The figures below lUuetrate the extent of the 
castor oil industry. (N.B. — Figures in tons : 
averagCOilcontentofsccd42% ) (Selected from 
Her. of Oilseed, etc , Itlarkets for 1937, Frank 
Fehr A Co ). 

Taule If. 


Slid. 

Indian pro* { 
(luctlon . ' 

b.K Imports . 
>rench Imports. 
U.S Imports 


1034 

1035 

1930 

1937. 

1 118,000 

1 SS.4IS 
18,800 
41,447 
17,503 

109.000 
38, 30a 
20,900 
34,101) 
18,570 

122,000 

29,037 

21,571 

73,215 

27,820 

128,000 

32,412 

17,951 

85.117 

not 

available 

1 30.000 

40,000 

35,000 

33,P0Q 

17,407 

14,148 

30,702 

27,381 


Figures indicating the present production 
of castor seed m South Russia are not available, 
but it IS stated to be sufiicicnt to pixixfde fbri 
internal needs and a balance for export. ' 

J, Ja. and E. L. 


CATALASE. Thexrord isacollectireleni 

for those enzymes xrhich destroy hydrogen 
peroxide. Catalases of different origin ms/be 
supposed to differ according to the nature rf 
their colloidal earners. 

Active preparations can be made from most 
erfis, the purest and most stable are made 
from hver extract (Zeile and Hellstrom, Z. 
physiol. Chem. 1930, 192. 171 ; 1931.195.31). 
V'egetable catalase is much less stable. CaUkse 
activity has been correlated by Zede with tie 
hmmatm iron content attached to a relloij 
component. Haldane (Proc. Roy. Soc. 1931, 
B, i08, SS9) caleiilales that an otom of mtsfix 
iron will at 0® decompose from CxlO* to 
2x10* molecules of H^O^. These figures ii* 
of the same order ns those for the iron in 
peroxydase and in the respiratory ferment 
(For a recent account, #e« Zeile, Ergebnisse der 
Enzyraforsehung, 1934, 3, 2C.') ) 

According to Stem (Nature, 1935, 136, 30i 
335) the hoematin group baa a porphyrin skeleton 
xnth the same arrangement of the side-chami 
as IQ the natural blood pigment. The coUoid 
M considered to b» a protein. Agner (Z. pbysi&l 
Chem. 193.5, 235, 11) claims indeed to bare 
eeparated catalase by dialysis against sriJ 
solution into tw o fractions, the prosthetic group 
and tbe protein, each alone being inactive but 
regainmg actnity on mixing. E. F. A 

CATALIN (trade name). Cast phenol 
formaldehyde condcosstion products menu 
factured by the Calalin Corporalion in the fona 
of rods, tubes, sheets and special castings 

E. E W. 

CATALPO. Trade name for & toUoidil 
cbma clay, used in paint and rubber manu- 
beture, 

CATALYSIS IN INDUSTRIAL 
CHEMISTRY. The applications of catalysu 
In industrial chemical prowsses have undergone 
remarkable developments during the present 
century, especially m the field of heterogeneous 
catalysis, i c. actions which take place between 
gases and/or hquids at a specific solid snrftw 
of suitable physical form. There arc also, 
, however, many important mstanres of ho®? 
geneous catalytic actions which are used m 
industry . The theoretical background of caU- 


undertaken in laboratories in many 
1K.11B VI the world. At the present time we 
possess at least a working picture of tbe 


wc aiucfvmiui^ , 

d ” adsorption and the *' 
in ” or “ chemisorption ” which u 

r t to actual catalytic 

In a catalyst especially we haie realised that, 
first emphasised by II. S Taylor, wc are not con- 
cerned with the average behaviour of atoms o 
molecules in the mass, but with the 
ft select few of the individual atoms or 
present. Recent research has in ^ 
directed to attempts to define which 
in a solid surface (e ff. possibly those lying * 8 
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pliapo or niicro-crj-stal boundaries) possess the 
essential propertie.s of a catalj’st — and why; 
but here we are stili very much in the region 
of uncertainty, or even speculation. The 
theoretical or “ fundamental ” investigations 
which arc of immediate value to the technician 
arc those (c.ff. studies of adsorption and thermal 
effects, etc.) which have indicated the conditions 
essential to an active catalyst surface and those 
which tend towards increased activity on the 
one hand (catalyst activators or stimulants), 
and retarded activity on the other (catalyst 
“ poisons,” “ negative catalysts ”). Further, 
physical chemistry plays an important part in 
the use of eatalytic processes, and their utilisa- 
tion is frequently helped by considering specific 
problems in the light, for example, of the Le 
Chatelicr Principle or of Nernst’s Heat'Thcorem, 
to mention two of many instances. 

No attempt can be made in this article to give 
a complete account of industrial catalytic pro- 
cpsscs, the details of which will be sought in 
articles dealing with each individual product. 
The present parposc is to survey the whole 
field of technical catalytic proces.ses so as to 
focus attention, in the first place, upon the 
more important products manufactured by 
catalytic agency, and, in the second place, upon 
the nature and functions of the many sub- 
stances used as catal 3 ’sts and upon the 
different phj’sical conditions under which 
different catalytic processes proceed to the best 
advantage. The variety of elements and com- 
pounds which exhibit useful catalytic properties, 
in one direction or another, is enormous ; but 
while non-metallic elements, salts, and more 
complex compounds are all to bo found amongst 
catalysts employed at the present time, it is 
(rue to saj' that the active agent is most fre- 
quently a specific metal or metallic oxide, or, 
often, a binary or ternary mixture of metals or 
of their oxides. The temperatures and pres- 
s\ircs at which catalj'tio processes are carried on 
varj' widelj'. Some actions, such as the con- 
densation of acetaldehj'de to ethyl acetate or 
crotonaldchyde (aldol), require a very low 
temperature ; many others take place over the 
range 100’-250° and not a few at 400'’-500'’ or 
even higher. Similarly, working pressures range 
from atmospheric through moderately high 
(10-20 at ms.) to vciy' high pressures (250- 
1,000 atms.), the latter having been developed 
for the most part within the last quarter of a 
rentuqv. Some of the more important materials 
produced technically by catalj’tic action will 
now be considered, eoramcneiiig with inorganic 
substances and proceeding suh.scqucntlj’ to the 
chief applications of catalysis in the manufacture 
of organic compounds, including a reference to 
those cases in which enzymic catnlj'.scs (fer- 
mentation) arc conducted on an industrial scale. 

.Simriifitic Acid. — (i) Chamber Process . — The 
old chamber sulphuric acid process w.as one of 
the rare eases of a liomogcncous catal_vtic pro- 
cess taking place in the gaseous pliusc — although 
l)robabbv part of the oxidation of sulphur 
dioxide to trioxido alwaj's occurred, even in the 
older plants, in the liquid phase (in aqueous 
solution cither ns mist or on the walls of the 
chambers). In modern practice the aim has 


been to reduce the chamber space by injecting 
water spraj's instead of steam (Moyer, MiUs- 
Packard) or bj' operating in a plant constructed 
similarlj' to a fractionating column, down the 
trays of which acid or water flows in counter- 
current to the ascending bumcr-gascs (Opl). 
The use of these or similar devices has led to 
considerable reduction in the cubic space of 
plant necessary to produce a given output of 
chamber acid, and has enabled the chamber 
process to continue to compete offcctively with 
the contact process so far as the manufacture of 
ordinary concentrated (96%) sulphuric acid is 
concerned. 

(ii) Contact Process . — ^Tho oxidation of sulphur 
dioxide by oxj'gen at a platinum surface, 
originally patented by Phillips in 1831, was first 
conducted successfully on a commercial scale 
by Squire and Messel in 1875 ; but the sulphur 
dioxide had to bo produced from sulphuric acid 
or specially purified sulphur, because the 
platinum rapidly lost its activity when pyrites 
gases were used. After Knictsch had shown 
(aboBt 1.900) that arsenic and other impurities 
in the sulphur dioxide were the cause of the 
“ poisoning ” of the platinum catalyst, means 
were devised for suitable purification of the pj'rites 
gases and several forms of contact sulphuric acid 
plant were thereafter designed. In the Badischo 
process asbestos fibres impregnated with 
platinum arc employed in a series of vertical 
iron tubes at 400°~450°, down which the pre- 
heated mixture of purified sulphur dioxide and 
air is passed. In the Grille process the catalyst 
is platinum deposited on hydrated magnesium 
sulphate, which (after calcining) is set on a 
number of superimposed horizontal traj’s in a 
vertical converter ; this is a very compact and 
efficient plant and it is claimed that a ton of 
oleum can be produced daily from about 
1-75 kg. of cat.alyst containing only about 5 g. 
of platinum. In the Mannheim process, the 
crude gases from the p 3 'rites burners are first 
passed through beds of burnt pyrites (iron oxide) 
at 600'’-700°, which serves not only to remove 
arsenical, etc., impurities, but also to effect 
conversion of about half the sulphur dioxide to 
trioxido ; the latter is removed by scrubbing 
through concentrated sulphuric acid and the 
residual, purified gases are passed through a 
platinum catalyst converter to effect the 
oxidation of the rest of the sulphur dioxide. 
About l!)28 the use of vanadium pentoxido 
(which had been found an efficient catah’st for 
the controlled oxidation of naphthalene and 
other h 3 'drocarbons by moans of air, c/. below) 
in place of platinum was proposed, and at the 
prc.sent time a number of contact sulphuric acid 
plants of this kind arc being successfull 3 ' 
operated. The vanadium oxide is frequently 
prepared in the form of an artificial zeolite (in 
which it has replaced the soda of the original 
zeolite). The procc.ss is worked at 450°-.')00" 
and it is claimed that, whilst giving a conversion 
equal to that obtained with platinum, vanadium 
oxide is not onh’ cheaper than the latter but is 
also less sensitive to the toxic action of 
impurities. 

-Ammonia. — Haber and his students showed 
that the nitrogen-hydrogen equilibrium data 
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indicate that direct union of these gases (to 
ammonia) is feasible at 400°-500® and pressures 
of 100 aims, upwards, pro\iding that attain* 
went of the equilibrium can be suitably ac- 
celerated ; they also found a number of mctalhc 
catalysts which bring about rapid estabhshment 
of the equihbnuni. The proecaa was studied 
intensively by the Badische Co. with the aim 
of large scale synthesis of ammonia and in 1913 
the first plant came into operation at Oppau 
with an output of 130,000 tons of fi^ed nitrogen 
per annum. The German plants operate the 
Haber-Bosch process in which nitrogen and 
hydrogen m the correct proportions (made 
catalytieally from water gas and producer-gas 
with steam, cf. Hydrogen below) are circulated 
over reduced iron oxide (containing a email 
proportion of caustic soda ot potash) at 550*- 
600° and 200 atrns pressure. About 8% of the 
gases are converted to ammonia at each passage 
over the catalyst. During and since the war of 
1914-1918 the production of simthetic ammonia 
has been undertaken on a very largo scale in 
many countries. In England the factory of 
Imperial Chemical Industries at Bdbngham-on- 
Tecs is the centre of production: a modified 
form of the Haber-Bosch process is employed, 
the working pressure being 250-jWO atms 

Most of the plants m other countries also 
operate at 200-300 atms . and the chief differ 
eneea are connected with the production of the 
nitrogen hjdrogen ruixture accoi'ling to local 
conditions. Where electricity w very cheap, 
e g. in Italy, the hydrogen is obtained by elec 
tro)>*sjs of water, and it becomes necessary to 
prepare separately the corresponding quantity 
of nitrogen j in different processes this is 
effected by (i) fractionation of liquid air, (ii) utih- 
eation of residual nitrogen from air used in the 
oxidation of some of the synthetic ammonia to 
iiitnc acid (rauser), or even (in) burning a 
mixture of electrolytic hydrogen and air in the 
steam raising plant (Casalc). In the majority 
of cases where coal forms the ultimate source 
of hydrogen, water gas and producer gas are 
mixed and treated with steam by the catalytic 
process wherein carbon monoxide and steam 
j (chl i^xfrtigwi and carbon dioxide, tie propor- 
tions of the two gases being so adjusted that the 
final product (after removal of carbon dioxido 
by solution m water at about 30 atms pressure 
and of carbon monoxide by arumoiuaeal cuprous 
solutions at 200-250 atms. pressure), contains 
slightly more than 3 vols of hydrogen to 1 of 
nitrogen. Tho uso of pressures as high ns 
J.OOO atms. has been advocated (Claude) in 
order to effect much higher conversion of the 
nitrogen-hydrogen mixture at each passage over 
the catalyst and to secure a more compact plant. 

Tho production of sulphate of ammonia is now 
usually effected by double decomposition of 
ammonium c.irbon.ito (from the carbon dioxide 
produced m the manufacture of hjdrogcn) and 
natural calcium sulphate (nnhjdntc), instead of 
by direct neutralisation of ammonia liquor with 
sulphuric acid (see Ammoma). 

Nitric Acid. — ^This is now manufactured 
almost exclusively by the cataljtic oxidation 
of ammonia wilh Mr. tho nitrie oxide first 
iurmed(4NH,-h502--4NO-b6HjO f 211 2kg.- 


cal.) being converted by excess oxjgcn into 
nitric peroxide, which m presence 'of wiIm 
fields nitric acid and nitric oxide. The oxidi 
tion IS effected by passing 1 \ol. of ammonu 
mixed with about 8 vols. of air over a jinaU 
la>er of platinum gauze at 700°-8{X)* ; ths 
gases must be carefully filtered from metil 
oxide dust before contact with the platinum, 
and the time of contact must be ngidly con 
trolled (0001 second) to avoid decomposition 
of the nitric oxide into nitrogen and oxyptn. 
The process (first suggested byKuhlmann inlS33) 
was not successfully worked on a large scale 
until just before the war of 1014-1918. On a 
technical scale tho efficiency of the oxidation 
IS nowadays over 93% and the overall efficiency 
(i.«. including the further conversion of nitnc 
oxide to nitric acid) neatly of the thco 
reticai Certain mixed oxides, especially iron 
oxide mixed with about 3% of bismuth oxide, 
are also effective oxidation catalysts for am- 
monia, and have been used to a certain extent 
m large scale production ; but the platinum 
gauze process appears at present to hold the 
field. 

The catalyst chamber is the smallest unit in 
an ammonia-nitric acid plant, owing to the 
exceedingly rapid and complete production of 
nitric oxide, the conversion of which into rutne 
acid requires much more space. The gnei 
from the catalyst converters are cooled, nixtd 
with more air, and passed through scrubbing 
towers in counter-current with water. The 
oxidation of nitnc oxide to peroxide is relatively 
slow, compared with that of ammonia to nitric 
oxide ; moreover, one-tbird of the nitrogen 
peroxide is re converted into nitnc oxide (which 
roust again be oxidised) when the former reacts 
with water (3 N Oj-i- H jO=2H N 0,-f NO). The 
process is usually controlled so that a 50 ^a 
solution of sitrie acid is finally obtained, whilst 
the final portions of the nitrogen peroxide 
(about 5-10% of the whole) are absorbed by 
soila to form sodium nitrate. Tho mam nitric 
acid solution is concentrated by vaporising 
through “ denitrating ” towers down which a 
constant stream of concentrated sulphuric acid is 
pa<>sed 

Reuovai, of Sdlpiidb Compoukds moM 
Gases. — ^Tho removal of hydrogen sulphide or 
gaseous compounds of s^phur and carbon 
(carbon disulphide or oxy sulphide, alkyl thiow 
or sulphides) from commercial gases such as coal- 
gas or hydrogen is largely effected by cataljtie 
agents (metals or metallic oxides). When coal- 
gaa 13 mixed with a very small proportion of air 
and passed through iron oxide purifiers hydrojts 
eulphtde IS converted mto sulphur, 

2HtS-i-Oj=2S-|-2H,0, 
and the process c-m be pursued until tho 
oxide w sufficiently rich in sulphur to be workw 
up by tho sulphuno acid manufacturer : y 
this means tho older alternate use of •vo" 
for the removal of hydrogen sulphide, 
by aeration, becomes a catalytic process. I*' 
U'ie of the Claus kiln m tho Chance method ® 
rocoxerj’ of sulphur from alkali waste-is snotn ^ 
technical application of the same f***^*' 
iaition. Vrg'inic sulphur compouuds present i 
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technical gases are completel}' converted into 
hj'drogcn sulphide and carbon compounds vhen 
passed over heated iron oxide or iron at 500°, 
especially if steam be present (e.y. in the manu- 
facture of hydrogen from ivater-gas, etc., cf. 
below), or even at lower temperatures (Guillet ) ; 
they are also broken down into hydrogen sulphide ; 
by passage over nickel on fireclay at 450° (South 
Jletropolitan Gas Co.) or over iron chequer work 
(as in a water-gas plant) at 700°-900°. 

Hydbooen. — In addition to the manufacture 
of hydrogen by electrolysis of water, or bj’ the 
alternate passage of water-gas and steam over 
iron oxide ores heated at about 700°-800°, two 
important catalytic methods have been de- 
veloped to meet the growing demand for pure 
hydrogen. One of these depends on the equili- 
brium CO-pHjO COj-f-Hj-f-lO kg.-cal., the 
other on the equilibrium 

CH 4 -(-H „0 CO-k3H2-48-9 kg.-cal. 

(i) The Water -gas-Sleam Heaclion. — ^Water- 
gas, or a mixture of water- and producer-gas, 
is mixed with an excess of steam and passed 
through converters containing (reduced) iron 
oxide at 450°-500°. With efficient heat-inter- 
change between the exit and inlet gases, the 
heat of reaction s’ufficcs to maintain the catalyst 
at the required temperature, once the reaction 
has been initiated. The emerging gases contain 
about 2% of carbon monoxide which, after 
removal of the carbon dioxide formed (by 
washing with water after compression to 60 
atms.), is absorbed by scrubbing at higher 
pressures through ammoniacal copper formate 
solution. Hydrogen is largely manufactured by 
this process for high-pressure hydrogenations 
such ns the synthesis of ammonia or methanol 
and the hydrogenation of heavy oils or coal into 
petrol. 

(ii) The MctJiane-Sleath Reaction . — This is 
catalj'sed most effectively by nickel ; at low 
temperatures (300°) the equilibrium is largely in 
the direction of formation of methane, but at 
800°-900° it is in the opposite sense, and methane 
and steam can be converted into carbon mon- 
oxide and hydrogen. This has recently been 
utilised in the commercial production of 
hydrogen from waste gases rich in metliane and 
ethane (which undergoes a similar change), such 
as natural gas from petroleum deposits, and the 
permanent g.ascs produced during cracking of 
petroleum or during the conversion of coal into 
liquid hydrocarbons. A preheated mixture of 
such gases and steam is passed over a nickcl- 
conindite catalyst at 8G0°-900°, when it is 
converted into carbon monoxide and hydrogen ; 
the gases so produced are cooled to about 500“ 
and then submitted to the “ water-gas-steam 
reaction ” in presence of iron. In this way a 
gas originally containing about 80% meth.ane 
and 17% ethane is transformed into a mixture 
of about 78% hydrogen, 20% carbon dioxide, 
and 2% of methane and carbon monoxide, from 
which the carbon dioxide and monoxide are 
separated ns already described. This process is 
coming into use as a main source of the hydrogen 
required for high-pressure hydrogenation-crack- 
ing of coal, t.ar oils, or heavy petroleum residues 
into low-boiling hydrocarbons. 


Alcohoi-s aitd Htdeocaeboxs fkoji C.^ebon 
Mosoxide. — ^In addition to its catalytic (iron 
oxide) conversion, with steam, into hydrogen, 
it should be noted that water-gas, alone or 
mixed with steam, is transformed into methane 
and carbon dioxide by passage over nickel at 
suitable temperatures. Next to hydrogen, 
however, the most important product obtained 
from water-gas is methyl alcohol, which results 
when the mixture of carbon monoxide and 
hydrogen is passed at 100-200 atms. pressure 
and about 400° over a mixture of zinc and 
chromium oxides (basic zinc chromite). This 
is now by far the most important source of 
supply of methyl alcohol, the total world- 
production of which from water-gas in 1935 was 
about 75,000 tons. If, instead of zinc-chromium 
oxides, an alkalised iron catalyst is employed, 
the liquid product, “ synthol,” obtained is a 
mixture of alcohols, ketones and hydrocarbons 
containing from 2 to about 8 carbon atoms per 
molecule. 

Passage of carbon monoxide and methyl 
alcohol over phosphoric acid at about 350° 
and 200 atms. pressure leads to the production 
of acetic acid in technical yields. It seems that 
this process may develop into an active com- 
petitor with the present catalytic methods [v. 
acetic acid) whereby acetic acid is manufactured 
almost entirely from acetaldehyde, which in 
turn is produced from alcohol or acetylene. 

An important process for catalytic conversion 
of water-gas into motor fuels is that of Fischer 
and Tropsch, namely, passage of carefully 
purified water-gas over certain mixed catalysts 
(for example, iron oxide or cobalt oxide with 
small amounts of thoria, deposited on kieselguhr) 
at 180°-200° and atmospheric pressure. By this 
means, with careful precautions in gas-purifi- 
cation and in exact control of temperature, 

I about 80% of the carbon monoxide is obtained 
I in the form of a mixture of hydrocarbons. Of 
these, the lower-boiling fractions make excellent 
I Diesel engine fuel or, blended with benzols or 
! other anti-knock fuels, petrol for the ordinary 
! internal-combustion engine ; while from the 
higher fractions, which are olcfinic in character, 
lubricating oils of high quahty can be produced 
by chlorination and subsequent Friedel-Crafts 
condensation with the original oil or with 
aromatic hydrocarbons. This process is making 
great headway in Germany, where plants with 
an annual capacitj' of about 170,000 tons of 
motor spirit from water-gas are coming into 
operation (1936). A very important asset in 
the Fischcr-Tropsch process is the practicability 
of converting the higher hydrocarbon products 
into good lubricating oils. In contrast to the 
“ hydrogenation-cracking ” or degradation pro- 
cesses of complex cyclic hydrocarbons about to 
be described, the production of lu'drocarbon 
fuels from water-gas involves the building-up 
of aliphatic hydrocarbon chains, the higher 
members of which can then be further condensed 
into long-chain compounds nith good lubricant 
properties. 

HYnROOEN.\TiON-CE.tCKrKG OF Co.vL, Tae 
O ii-s, Heavy- Petkolep.m Rf-siduf-s. — P rocesses 
are now in operation on a tcehnieal .scale whereby 
powdered coal is converted, at high temperatures 
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nnd pre«9urcs, and in presence of solid catalysts, espeeiaHy, of nickel, copper and cobalt ij 

into Lquid hydrocarbon products. By con- catalj-sts for hydrogenation or dehydrogenation 
ducting the pressure-hydrogenation in two of organic compounds in the vapour state 
stages, the coal has been transformed into & Thus, for instance, hydrogen has been found 
light oil (petrol), suitable for the ordinary internal available for many operations of reduction and 

combustion engine, in yields sufficiently of hydrogenation when u«ed along uith vanous 

(ICo gallons of petrol per ton of coal used in the catalysts. In the former class of reactions 
process and for heat, power, etc ) for the cost nickel is in general very effective, but as it u 
of the product to bear comparison with that of sensitive to “ poisons,” particularly lulphw 
motor spirit from petroleum. In the first (liquid compounds and carbon monoxide, care must be 
phase) stage, a suspension of finely powdered taken that both the hydrogen and the substance 
coal IS made info ,a paste vrith " heavy oil ” to bo attacked are freed from such impurities 
already produced m the process, mixed witha Palladium and platinum, especially when m 
small proportron of a catalytic matenal the colloidal state, are also active catalysts 

compounds of tin are etat^ to be most active) of such reactions. The operations may be 
and injected with hydrogen at 250 atm. pres- earned out either at the ordinary or at inereasel 
sure through converters maintained at about pressure, and either at such t'‘mperafurrs 
400’. The Eolid coal is thereby converted into that the reacting substances are vaporised 
a mixture consisting mainly of heavy oil with a or at the ordinary temperature with the sub 
certain proportion of light oil and permanent stances in the liquid state nr in solution. Aiilh 
pas, which IS separated by distillation into the mrkel as catalyst the addition of hydrogen to 
light and heavy oils and a comparatively small unsaturated compounds, when in the state of 
non volatile residue In the second stage, the vapour, is easily effected. Ethylene, for 
heavy oil IS subjected to a “hydrogenation example, is readily converted into ethane st 
cracking” process in the vapour phase by 140®-I70®, and the preparation of hexahjdro- 
passage, with hydrogen, at about 200-250 atm derivatives of benzene and other aromatic 
and 450’ over a pelleted catalyst composed of compoimds is carried out with little difficulty, 
moly bdtc acid to vehicb sulphur has been added ; A most useful application of the process of 
here the heavy oil is more or less completely hydrogenation was initiated when Normann 
converted into light hydrocarbon spirit vxith a demonstrated m 1902 that Sabatier’s methodi 
certain amount of gaseous products (chiefly could equally’ well bo applied to organic coni" 
methane). The producta from the second stage pounds in the liquid state, and showedthst 
are separated by distillation, and residual heavy Lquid fats (fatty oils) could be converted into 
oil re cycled. The gaseous products from both solid fats melting over the range 25® to about 
stages are collected to serve as matenal for 70® (the latter wing the melting point of s 
further production of hydrogen as desenbed completely saturated fat). This “fat harden- 
above. mg ” process depends essentially upon the con- 

The high pressure ” hydrogenation cracking" version of polyethenoid glycerides into eleo- 
in presence of molybdenum oxide catalyst is glycerides and, finally, into stearo glvcendes 
al«o applied directly in the production of motor It came into technical operation about 1910, 
spirit from the higLcr boding coof-Mr or creosote and forms by far the largest application of catalj- 
oils, produced cither in the high or low tempera- tic hydrogenation of organic compounds id the 
ture carbonivation of coal, and from tbe residues bquid condition s many hundreds of thousands 
from the distillation of crude or cracked crude of tons of liquid fats, such as whale oil, cotton- 
petroleum. Hydrogenation cracking is s very seed oil, and others, are now converted annually 
important instance of modem industnal catalytic into senii solid or solid fats suitable for mcor- 
processes, amce it has provided additional poration m edible fats (butter substitutes or 
sources of motor gpint and has also afforded a cooking fats) and for use in the manufactute 
means of profitable use of the awkward by- of soap. Before dealing further with the subject 
products from the distillation of coal tats and of fat-hydrogenation, individual mention msT 
of crude petroleum, as well as affording a new be made of other examples of hydrogenation 
outlet for co.al itself. The process is also appbeil which have become of some teebmeal import- 
to the hydrogenation and desulphunsation of ance ; the hydrogenation of naphthalene sml 
lubricating oils and naphthas, the refining of of phenols m the liquid state nniler pressures 
burning oils, and the conversion of gas oils into of hydrogen from 5 to 50 atm. by means cl 
.mti knock petrol. nickel at about 180®, furnishing rcspcctivcb 

HvnROCEVATiON. — Many of the technical telra and dcco (solvents), an 

catalytic methods referred to m the preceding cycloJieranofj or cyclohexanones (solvents an 
paragraphs concern hydrogenation processes also employed in soaps) ; the conversion c 
(f.j. the production of ammonm, methylslcohol, crotonaldehyde into butyl alcohol, 
motor spirit), but there remain a numlier of info isopropyl alcohol, and of acetaWehyde in 
eases of str.aightfonvanl .addition of hydrogen ethyl alcohol, by Jiydrogen in presence of ^ 
to iinsaturntcd organic compounds, or mluction at llfl®; the production of certain syoitwi 
of oxygenated organic comjxuinvU, to which perfumes, notably menthol from thymol 

referent-o should be inailc. These, and in- piperitone, and edronci/of from idral or gcnni ' 

directly all the more recent technical appti- (nickel at 140’-180®). _ ^ 

c.atinns of catalytic hydrogenation and dchjdro- Fat-hydrogenalion. — This is usually M 

genation, are ultimately largely tbe result of out at about 180’, with hydrogen cit e 
the pioneer work of Sabatier, b'enderens and, atmospheric pressure or at pre««urcs 
JIailhc in the years 1897-1910 on the action, exceeding 5 atm. (usually about 2 atm.). 
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fat-hardening the hydrogen is usually made by 
the intermittent steam-iron proeess, when it 
contains only traces of carbon monoxide ; 
electrolytic hydrogen is also frequently em- 
ployed. The fatty oils may be refined by alkaU 
neutralisation followed by bleaching with adsor- 
bent earth, and should be as free as possible 
from oxidised oils or other material toxic to the 
catalyst. The 'oils are mixed with a' small 
proportion of catalyst (OT-1% of nickel on the 
, fat) and then either agitated vigorously in a 
^ closed vessel whilst a current of hydrogen is 
continuously passed through the liquid, or 
sometimes the mixture of fat and catalyst is 
sprayed into closed vessels filled with hydrogen. 
With fats of good quality the desired hardening 
is usually attained in the course of 2-3 hours. 
After removal from the hydrogenated fat by 
filtration, the catalyst can be rc-used several 
times on fresh batches of oil before its activity 
becomes too much reduced b3’ accumulation of 
catalyst poisons, etc. Nickel-kicselguhr catalysts 
are very widely used ; nickel carbonate is 
precipitated upon kieselguhr, the product is 
thoroughly washed, dried, and then reduced in 
hydrogen at 300°-600° and stored either in an 
inert atmosphere or under the fattj^ oil itself. 
Alternatively, nickel formate is reduced under 
the oil at 240° ; this temperature is higher 
than is desirable in the hydrogenation of the 
fat and, therefore, a quantity of the formate is 
reduced in a portion of the oil, and the product 
cooled to about 170° and diluted with more of 
the fat prior to its hydrogenation at the latter 
temperature. When nickel prepared from the 
formate is employed (as in a number of fat- 
hardening plants recently installed), it is subse- 
quently removed by filtration through a bed of 
kieselguhr, or kieselguhr may also bo added to 
the fat initiall}'. In the absence of kieselguhr 
it is difficult effectively to remove the colloidal 
nickel suspension from the oil. 

An alternative and continuous process of fat- 
hydrogenation is that in which the liquid trickles 
downwards over a mass of activated nickel 
turnings in an atmosphere of hj-drogen. The 
catalyst is, in this case, stationary ; it is made 
active in the first instance bj- anodic oxidation 
of the nickel tuniings, followed by reduction of 
tlie superficially deposited laj-er of nickel oxide. 
When the activity' of the catalyst declines, it 
can be regenerated bj' further anodic oxidation 
and subsequent reduction. The continuous pro- 
cess is also applied to the vapour or liquid 
hydrogenation of naphthalene, phenols, pyridine, 
and acetone. 

i'ally Alcohols from Fats . — When fats arc 
agitated with hydrogen as described above, but 
at high pressures (5-100 atm.), at 250°-300°, 
and in presence of a reduced basic copper 
chromate (“ copper-chromite ”) catalj'st instead 
of nickel, the acidic groups arc almost quantita- 
tivclj’ reduced to alcohols : 

RCOOH !- RCH„OH 

Tin's method is now adopted on a large scale for 
tlie manufacture of higher fattj- alcohols from 
selected natural fats. The alcohols in question, 
especially dodecyl, hexadecyl (cetyl), and oleyl 
alcohols, j-ield sulphuric acid mono-esters, the 


alkali salts of which have verj- useful detergent, 
emulsifying, dispersing and/or wetting-out 
properties ; many higher alkyl sodium sul- 
phates are now available and find use in the 
textile industries and as components of shaving 
creams, shampoos, and other toilet and household 
detergents. 

Oxidation. — ^Many processes of oxidation in 
organic compounds are also induced, accelerated, 
or retarded by catalysts. An example of the 
latter, negative type of catalysis is the addition 
of small proportions of “ antioxidants ” to fats, 
rubber, and some other materials in order to 
delay the onset of atmospheric oxidation. 

In the manufacture of aldchj'des or ketones 
from alcohols, processes of oxidation or dehydro- 
genation may be emploj’ed singly, or in combina- 
tion. Thus, formaldehyde is usualty produced bv 
controlled oxidation of a mixture of methyl 
alcohol vapour and air submitted to a short 
contact with heated copper or silver gauze ; but 
it has been stated that, by using less air than in 
the usual process, the jdeld of formaldely'de can 
be notably increased, part being formed by 
oxidation, the remainder by dehj'drogenation 
(CH3 OH CHjO-l-Ho). Since the latter 
action requires heat, whilst the oxidation is a 
strongly exothermal action, the process becomes 
more efficient if both processes can go on con- 
currently. In the conversion of ethyl alcohol 
into acetaldehyde the conditions are to some 
extent reversed : direct oxidation cannot be 
efficiently carried out, but passage of alcohol 
vapour over catalytic copper at 300° results in 
about 26% conversion of alcohol into hydrogen 
and acetaldehyde in almost theoretical yield. 
This process has been used for the technical 
production of acetaldehyde, which is now a most 
important intermediate stage in the manu- 
facture of many aliphatic solvents (u. acetalde- 
hyde) ; but it has subsequently been found that 
the addition of sufficient air to oxidise about 35% 
of the alcohol, and passage of the mixed gases 
over a short layer of copper or silver catalyst at 
450°, results in about 85% conversion of the 
alcohol to acetaldehyde. In this form the manu- 
facture of aldehj'do from alcohol is now carried 
out on a largo scale in this country and else- 
where. Cj'clic alcohols, such ns cyclohexanol or 
bomeol, arc readily dehj'drogenated by copper 
at 300°, to give the corresponding ketones. 

Acetaldehyde itself is readily oxidised to 
acetic acid by the action of a current of air and 
in presence of dissolved manganese acetate, 
which catalj’ses the decomposition of the 
explosive peracetic acid (CHj-COgH), which is 
produced by the initial combination of acetalde- 
hyde and oxj'gen. Acetic acid is technically 
produced for the most part bj- this process (i’. 
acetic acid). 

The most notable recent development in 
technical catalj-tic oxidation of organic com- 
pounds is the oxidation of the latter in the 
vapour state by air in presence of vanadium 
pentoxide as catalj'st. The oxide, mounted on 
iron or aluminium pellets, was first used in this 
connection in the partial oxidation of aromatic 
h3'drocarbons b3' air. Since the desired pro- 
duct are intermediate in stability between the 
original compounds and the ultimate jjroducts 
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of oxidation, the conditions of technual oi>era- hjdrogcn siilpliattTi has been the subject of 
tion (especially temperature control, the actions technical research, both as regards the ethylene 
being strongly eiothermic) ha> e demanded present in coke oven gas and the lower oltBnej 
much sk^ but the method has prored ex- present in “ cracked ” petroleum gases, pj^ 
trcmely successful Phihahe anhylride is now cesses for the conversion of the latter into 
\ery largely obtained from naphthalene by this propyl, butyl, amyl and hexyl nlcohola hare 
method of oxidation, and anthraquinont is also been worked out in America, both by means of 
produced either by similaT direct oxidation of absorption in sulphuric acid and of combiTation 
.anthracene, or indirectly from uaphlhalcne with hydrogen chloride to give the correspondin' 
through phthalic anhydride and o bcnaoyl- alkyl chlorides, and in both cases it has been 
benzoic acid. Catalytic oxidation of toluene obsericd that the processes iniolved can be 
furnishes benzaldthyde and benzoic acirf, whilst accelerated in presence of suitable catalysts, 
malic acid (used m flavouring materials as a Tor the catalytic hydration of acetylene to 
substitute for citnc or tartanc acids) is obtain acetaldehyde, and for the preparation of organii 
able from benzene as startmg material. Ben- solvents from acetaldehyde, alcohol, or acetylene 
zene yields first p qumonc and then maleic see Acetylen'L. 

anhydride when passed with air over vanadium Addition avd SpestitUtiox of HatocENS 
oxide at about dOO** ; the yield of the anhydride — The useofthlonneorother halogen “camera” 
IS ov er 50^0 ^*7 weight of the benzene consumed, is one of the oldest instances of catalytic action 
and malic acid results when it is heated under in technical organic chemistry. The emplaj. 
pressure with water ment of such catalysts has been much extended 

IlyDEATiON AND Deuydbatios — Thc pfoduc- in the present day manufacture of many m 
tion and hydrolysis of esters or ester like com organic and organic compounds. (It may be 
pounds are among the most familiar examples added here that the manufacture of chlorine 
of reactions m which catalytic action plays an itself, by the Deacon or Hargreaves Robinson 
important part. Instances of industrial uses of processes, was also an early instance of large- 
fataly sis m hydrolytic actions include the inanu scale practice of catalytic methods , but these 
facture of crystalbne glucose and sugar syrup have, of course, fallen into disuso with the 
from potato, maize, or other starch, the advent of ejectrolytically produced chlorine ) 
hydrolysis of fats into free fatty acids and Activated charcoal has proved of great service 
glycerol by the Twitchell hydrolytic agent or its as a catalyst in the manufacture of levenl 
later analogues (essentially condensation pro inorganic halogen compounds, especially phot 
ducts of, for example, an aromatic eulphonic gent, COCI;. and sulphuryl ehlonde, SO,CI|, 
acid with olcic or other fatty acid, the active it has also been used to effect the combination of 
agent thus rontauung m its molecule a strongly electrolytic hydrogen and chlorine in th« 
hy drophilio group and a long hy drocarbon chain manufacture o'{ hydrothlcric acid, but m modem 
system), the acid hydrolysis of fats, the practice this is acmev ed more simply by burning 
action of iron salts in promoting thc conrer chlorine in an atmosphere of hvdrogen //yrfm- 
Sion of bcnzyhdene chloride into benzaldcbyde, 6romte ae\d, on the other hand, has been made 
and bonzotrichlondc into benzoic acid, when technically by passage of bromine vapour and 
heated with water or milk of bme ; and the steam over active charcoal at 600*. 
proposed use of concentrated or gaseous hydro Other well-known cases of catalytic addition 
chlonc acid in order to convert waste cellulose or substitution of halogens are the uses of 
materials into fermentable sugars. anhydrous feme chloride in the chlorination of 

Id the converse process of esterification, the benzene or toluene, of sulphur, phosphorus, or 
use of mineral acid catalysts is famiLar m the lodineiDtheproductionofnionochloroaceticscid. 
manufacture, from the respective alcohols and and of antimony pentachloridemthe production 
acids, of such compounds as ethyl, amyl or from acetylene of tetrachloroethane and thence 
be.nzyl acetate, methyl or ethyl benzoate, methyl of trichloroethylene (WestrosoJ), used as a non 
and amyl salicylates, ethyl succinate, lactate inflammable solvent and dry cleaning agent, 
or phthabite, etc. himilarly, thc actioo of Othee CAXALync Pbocesses. — Much sp3« 
aohydrous sodium acetate or similar catalyst would be required if an attempt were made to 
in promoting acetylation is taken advantage of illustrate all the other kinds of reactions of 
in the manufacture of products such as acetyl organic compounds which are favourably lu 
saheyhe acid and many other medicinal and fliienccd by catalysts, and it must suffice merely 
other compounds, while the production of cellu- to indicate the employment of these agents m 
lose acetate mvolves the use of appropriate connection with the following operations : the 
catalytic aids to acetylation. preparation of aromatic hydrocarbons, eg of 

Thedebydrationofalcoholstoolcfincsoretbers toluene by the action of methyl chloride on 
is another important appLcation. Ethyl ether benzene m presence of aluminium cblonuc ; 
is manufactured by a continuous process from the preparation of sulphonic acids derived from 

alcohol by heating thc latter with the correct benzene and other hyiirocarbons, from py^llln^ 

proportion of sulphuric acid at about 130®, etc. ; the preparation of denvfttives of snunci 
w hile, w hen required, ethy lene can bo produced or of ammo- compound*, particularly of those w 

by similar means (preferably with syrupy which aromatic radicals arc introduced into tne 

pkosphotic acid as catalyst), or by passage ^ amino- group, * g, thc production of P| 
alcohol vapours over alumina at 3C0°. The anthraoilic acid, which is easily effected by t * 

hydration of olefines to the corresponding addition of a small quantity of copper poHucr 

alcohols by absorption in sulphuric acid and a boiling solution of o-ehlorobcnzoic scid i 
Bubocqiient hydrolysis of thc resulting alkyl aniline; thc preparation of certain oivr 
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conipoimdf;, nncl Iho replacement of the diazo- 
groiip by the chlorine, bromine, or cyanogen 
radical ; many condensation reactions in which 
small proportions of sodium ethoxide, pyridine, 
piperidine, and other compounds exert catalj’tic 
action ; the preparation of certain sulphur 
compounds, in which category the important 
methods of vulcanising rubber may be included. 
Jlorcovcr, in many cases, intramolecular re- 
arrangements and polymerisations arc ac- 
celerated by catalysts. The transformation of 
hydrazobenzene into benzidine under the in- 
fluence of a strong acid is a familiar example of 
the former class of change, whilst the latter is 
o.vemplified in the synthesis of various Idnds of 
rubber by the polymerisation of butadiene and 
its homologues, which is promoted by the 
presence of sodium, acetic acid, and other 
catalysts. Another instance of catalytic poly- 
merisation is afforded by recently developed 
processes wherein the olefines (propylene, 
butylenes, butadienes, etc.), present in gases 
from cracked petroleum, are passed under 
pressure over heated phosphoric acid or cad- 
mium phosphate and converted into low- 
boiling liquid hydrocarbons. 

Reference should also be made to many 
electrolytic processes, e.g. the preparation of 
hypochlorites, chlorates, and persulphates, in 
which advantage is taken of the presence of 
small amounts of an appropriate catalyst in the 
electrolyte. 

Fermentation Processes. — ^Finally, it must 
bo noted that a number of very important 
operations, for example, tho manufacture of 
ethyl alcohol, are carried out through the agency 
of that group of catalysts produced by living 
organisms wliich arc known as enzymes. In 
many respects the action of enzjones is similar 
to that of inorganic catalysts, and especially to 
that of colloidal platinum or palladium, but is 
specific in tho sense that a definite enzyme is 
required to bring about a particular trans- 
formation. 

TIio ordinary alcoholic fermentation of sugar 
by yeast is profoundl 3 ' modified when con- 
ducted in presence of sodium sulphite or car- 
bonate in suitable dilution ; under these con- 
ditions acctaldehj'do, which is an intermediate 
stage in tho formation of alcohol, is removed 
from tho sphere of action, and glycerol, which 
normally is present in only small amounts in 
tho products of fermentation, accumidates 
owing, ultimatel 3 ', to lack of acetaldehyde to 
servo ns an acceptor for h 3 'drogen. The process 
has been operated succcssfull 3 ’, when economic 
considerations permitted, for tho manufacture 
of glycerine from beet-sugar or molasses. 

Certain improvements have been effected in 
the lactic acid and but 3 'ric acid fermentations 
of sugar, and in tho production of citric acid by 
moulds and of acetic acid (vinegar) from alcohol. 
The most striking new procedure in sugar fer- 
mentation is, however, the uso of cultures of 
si)ccific bacteria {Gramdohackr, Clostridium sp.) 
which convert glucose into n-but 3 ’l alcohol, 
acetone, lydrogen, and carbon dioxide. This 
process is operated on a xcry large scale in 
America, primnril 3 ’ for butvd alcohol, which is 
in great demand as a basis for solvents ; acetone 


is at present a usefid by-product, and in at least 
one factory the fermentation gases are com- 
pressed and converted into methyl alcohol by 
high-pressure hydrogenation with zinc-chromium 
oxides {v. supra). 

Reference may also be made here to acid 
hydrol 3 'sis processes for the conversion of 
celluloses and starches into fermentable sugars, 
to suggested processes for the manufacture of 
acetic and other acids from cellulose waste, and 
to the established, although not very widely 
worked, method of hydrolysis (splitting) of 
fats by castor-seed lipase. T. P. H. 

CATAPLEIITE. Hydrated silicate and 
zirconate of sodium and calcium, containing 
Zr02 30-40%. The crystals are yellow and 
have the form of thin hexagonal plates ; sp.gr. 
2-8, H. 6. It oeeurs with other rare minerals in 
nepheline- syenite on the islands in the Lange- 
sund-fjord in south Norway, and at Narsarsuk 
in Greenland. L. J. S. 

CATECHIN V . Catechu or Cutch. 

CATECHOL {Pyrocatechol, o-Dihydroxy- 
benzene, l:2-Pbendiol, First iso- 

lated by von Rcinsch in 1839 from the distil- 
lation of catechu, crystallises in colourless 
prismatic needles or tablets, m.p. 105°, b.p. 245°, 
and is readily soluble in water, alcohol, ether, 
benzene, and alkah's ; it sublimes, and is volatile 
in steam. An aqueous solution reduces silver 
nitrate in the cold and Fehling’s solution on 
warming ; with ferric chloride it gives a green 
colour which turns violet on addition of am- 
monia or sodium acetate (Hlasiwetz and Barth, 
Annalen, 1864, 130, 353 ; Wislicenus, ibid. 1896, 
291, 174) whilst Bayer reports that the test is 
more sensitive in the presence of aromatic 
amino-sulphonic acids when a red-brown colour 
develops (Biochem. Z. 1909, 20, 178). An 
ammonincal solution of calcium chloride precipi- 
tates the calcium salt, and lead acetate yields 
the lead salt. An alkaline solution becomes 
green, tlien black on exposure to air. 

Ekkert (Pharm. Zentr. 1926, 67, 666) detects 
catechol by the addition of 0-5 c.c. of an aqueous 
solution to 4 c.c. of concentrated sulphuric acid 
containing 0 02 g. sodium nitroprusside when a 
green upper la 3 ’er results and on mixing and 
dilution with water tho solution becomes red, 
turning to green with ammonia. An alkaline 
solution of sodium nitroprusside 3 delds an intense 
green colour which changes to bluish-green with 
acetic acid (Pavolnu, BoU. Chim. farm. 1930, 69, 
713, 719) whilst a boiling ammoniacal solution of 
catechol u-ith a small quantity of nitroprusside 
gives a cherry red colour (Sivadjian, J. Pharm. 
Chim, 1931, 13, [8], 629). As h’ttle as 0-000012 g. 
of catechol in 1 c.c. of solution may' be detected 
by' the reduction of o-dinitrobenzene in the 
presence of sodium carbonate to a deep violet 
quinonoid salt (Bose, Amer. Chem. Abstr. 1933, 
27, 5682) ; with phosphonioly'bdo-timgstic acid 
a red-violet colour is produced which turns to 
blue (Bezssonov, Bull. Soc. Chim. biol. 1922, 
4, 83) and with ammonium molybdate solution 
together with acetic acid a reddish-brown colour 
results, this arising with all o-hy'droxy aromatic 
compounds (Quastel, Analyst, 1931, 56, 311). 
Quantities down to 7 X 10“’ mol. may be detected 
colorimctrically' by the reduction of ferric iron 
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in an alkaline medium in the presence of sucrose' 
(Schmalfuss, Spitzer, and Brandes, Biochem. Z. 
1027, 189, 226), « hilst BUiso (Chera. Zentr. 1933, 
I, 952) describes the microdetermioatioa of 
catechol by its oxidation with 0 01A'*alLalme 
ferroeyanide, excess of which is redoced inlh 
potassium iodide in the presence of acetic acid 
and zinc sulphate ; the reaction is not stoi- 
chemetnc and conditions must be standardised. 
Catechol may be estimated even in the presence 
of hydroqumoh resorcinol, or phenol by precipi- 
tation as the lead salt (Degener, J. pr. Chem. 
1879, [ii] 20, 320 , Bock and I^ek, hlonatsh. 
1929, 53-M, 883) For its detection m the 
presence of resoremol and other compounds, 
see Jones, Prahl, and Tajlor (Ind. Eng. Chem. 
fAnaL}, J932, 4. 84), and Rossi (Amer. Chem. 
Ahstr. 1924, 18. 2293) 

Catechol occurs widely in plants and eege- 
tables, sometimes free as in onion scales (Link 
and Walker, J. Biol. Chem 1933, 100. 379) but 
more often m combination as tanmns It is 
fonnd in many coals, in cellulose waste bquors 
(SwedL^h Pat. 62831 and S4200), m gasworks 
liqnor (Key and Etbendges and ^atwood. 
Gas J. 1933, 2<M, 506, 882. 1934, 208, 354; 
G.P. 632178; USP. 1821815), in wood tar 
(UgrinmioT, 1035, A, 1028). and m the tar 
water of bituminous shale, G P 68944) As the 
Bolphate it is found m the urme of man and 
herbiTorous animals (MuUer, Ber 1874, 7 , 1526 
Schmiedeberg, Z. phj siol Chem 1882,6,189). 

It IS formed m the dry distillation of many 
tannins and their derieatires, and may m 
obtained by the destructive distillation of leather 
scrap (Jlicbelman, Ind Eng Oicm. 1923, 27, 
247 { Slfier, Amer Chem. Abstr. 1929, 23, 
2310), while many other natural products such 
as paper and sugar j leld smaller amounts. 

(;atechol may be prepared from goaiacol in 
almost theoretical yield by treatment with 
fuming hydriodic acid (Perkm. Proc Chem. 
Soc. 1890, 90) or in 70^^ jncld by heating to 
210’ with alumimum chloride (Hartmann and 
Gattermann, Ber. 1892, 25, 3532). o Bromo- 
or 0 cblorophenol when fused with alkab gives 
catechol (G.P. 84828), but the jnelds ate poor 
tfemg Ar iff asftiilrtlitj wifjV rde sTrung ai'iad 
A continuous process with good yield is claimed 
in B.P. 425230 and 432276, o dicblorobenzene 
being heated (at 2i0°-300’ in an autoclave) 
with aqueous bartja or strontia together with a 
copper catalyst and a reducing agent sufiBcient 
to destroy any oxjgen present. Not more than 
50^0 catechol can be obtained from the fusion 
of phcnol-24 disulphonic acid (*' a phcnoldi- 
iulphonic acid ”) with caustic alkali at 280"-300' 
in an autoclave (B.P. 21853 ; G.P. 80817) ; 
catechol monosulphonic acid u formed and is 
hydrolysed by heating with 50?i aulphunc acid 
to I60°-220® under pressure. A similar process 
is claimed by Tobias (G.P. 81210), who obtained 
catecholdisulphonic acid from alkali fusion of 
pbenoltrisuIpWnic acid and then hydrolysed the 
former to catechol. Other similar but leas direct 
methods arc desenbed by Heyden and llihle 
(G.P. C9I1C and C0G37). Mannet (G P. 97009). 
Messel (G.P. 68944) and Cross, Bevan and 
Heiberg (Ber. 1900, 33. 2018). The direct 
oxidation of phenol by sodium peroxide to gi\e 


25% catechol is detailetl by SragidsDo, 
Posorovskajs, and Sehgsohn (1928, A. 616) 

The most satisfactory commercial pteparstjoa 
is provided by the action of alkahs on o-cUon>. 
or o-bromo-benzene (r. supra, and G.P. 2695(4 
and 249939), yields up to 90% being claimed 
Hie oxidation of aabejlaldehyde prondes t 
convement laboratory method of prepmlioB, 
an alkabne solution being treated with 3*1 
hydrogen peroxide (Dakin, Amer. Cliera, J 
1909, 42, 477 ; and Organic Syntheses, HI, 27) 
A yield of about 70% is thus obtained. 

The heat of combustion of catechol at constant 
pressure is 684 9 kg -cal. per g.-mo! (Barker, J 
phys. Chem. 1925, 29, 1345). Weissenherger, 
Henke, and Bregmann (Monatah. 1926, 46, 471) 
giro vapour pressures, surface tensions, and 
viscosities of solutions in alcohol, ether, sad 
acetone. The specific heat has been measnrel 
by Andrews (J. Amer, Chem. Soc. 1926, 46, 
1287), whoamsed at the formula: 

Cp=l 3+0 1074r 

From the experiments of Bourion and Tottls 
(Compt. rend. 1928, 186, 1124) it is conclndsd 
that an equtlibnum between single and triple 
molecules exists in solution, the heat of associs 
tion being —2,400 g -cal. per g. Sarkar (Phi 
Mag. 1926, 2, [7], 1153) describes X-ray powder 
photographs of catechol from which the spies 
grouping is obtained. 

Hagemann (Z. engew. Chem. 1929, 42, 953; 
1931, 44, 226) claims up to 66% peld ol 
butadiene on pyrolysmg catechol in s hot tobs 
in the pre«nce of nitrogen. 

Reduction of catechol to a mixture of 75% 
phenol, 10% benzene, and 15% resin byhydii)' 
gen and an alumina copper oxide catalyst is ds 
scribed by Ipatiev and Orlov (Ber. 1927, 60, fB], 
1963), whje PaekendorlffBer. 1035. 68. (Bl, 1251) 
obtamed ryc/ohexane and cyclohexanoi with 
hydrogen and a platinum oxide catalyst in 
ethyl acetate at room temperature. 

Catechol, like other o hydroxy compoonds, 
readily forms complexes with acetone (Baker, 

J. CS. 1934. 1678 ; Bocseken andSlooff, Proc. 

K. Akad. Wetensch. Amsterdam, 1934, 37, 594) 
It readily eomOines wifi banc, arawm-, rfaviA'-K'-' 
acids and acidic sails to give compounds yielding 
eenes of aalta with metals, many of which are 
used in chemotherapy and as bactencides. That 
Wcmland and Maier (Z. anorg. Chera. 1926, 1511 

217) discuss the structure of the hanum and 
calcium catechol stannates obtained by tbs 
addition of the metal acetates to catechol and 
stantue chloride in water. With arsenic acw 
in boding water catechol yields tricatecholarsnuc 
acida. a stable solid yielding stable salts wim 
metallic oxides or hydroxides (Weinlaad aw 
Heinzier. Ber. 1919, 52. [Bj, 1321 ; G P. 657726) ; 
their constitutions are discus-sed by Rosenheim 
and Plato (Ber. 1925, 58, [BJ, 2000) and R«hJ«. 
Sapper and Kail (Z, anore. Chem. 1925, IH. 

218) . Catechol also )ierds complexes wtn 
moljbdic acid (Weinland and Cawser, 

1919. 108, 238). with antimony trioxide sn<i 
alkali (G.P. 606131), with alkaline wrth 
(hcholder and Wolf. ibid. 1933. 210. M; 
SchoMer and Schlctz, tbld. 1933, 211, I® " 

ith iron salts (Wcmland and Bmdcr, Ber. 1»*-. 
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45, 152, 1118), with cobalt salts (Wcinland and 
Ilottinger, Z. anorg. Chein. 1918, 102, 234), 
and with organic acid salts (Weinland and 
Denzel, Ber. 1914, 47, 2247, 2993). For an 
extensive discussion of the chemical properties 
and colours of the complexes with iron, cobalt 
and nickel, see Keihlen (Z. anorg. Clicm. 1922, 
123, 173). Spacu and Kuras (J. pr. Chem. 1934, 
[ii.] 141, 201) suggest formula! for metallic 
pyridine complexes. 

Catechol is used in photography, forming 
a very efBcient developer in the presence of an 
accelerator such as sodium sulphite or sodium 
phosphate {Edcr, J.S.C.I. 1890, 9, 102 ; Brit. 
Phot. 1900, 47, C76). Full details for its use 
and formula! for different stock solutions are 
given by McClintash (Brit. J. Phot. 1923, 70, 
023). A large number of valuable derivatives 
are also obtained from catechol. 

Its bactericidal action is compared with that 
of phenol and of many other compounds by 
Sabalitschka and Tietz (Arch. Pharm. 1931, 
269, 545). The pharmacology and physiological 
action are treated by Tainter (J. Pharmacol. 
1930, 40, 43), Mulinos and Osborne (Proc. Soc. 
Exp. Biol. Med. 1935, 32, 1344), Barrenscheen 
and Danzer (Z. physiol. Chera. 1933, 220, 57), 
and by Hcfftner in Ellcnger’s “ Handbuch der 
oxpcrimentalen Pharmakologie,” Band I, p. 941, 
Berlin, 1923. A detailed pharmacology of cate- 
chol phosphate is given by Smith, Engel, and 
Stohlmann (Amer. Chem. Abstr. 1933, 27, 3253). 

Catechol yields an orange-yellow picrate, 
m.p. 122° (Baril and Hauber, J. Amcr. Chem. 
Soc. 1931, 53, 1087) and a di-m-ni(robemoa(e, 
m.p. 144° (Mcijcr, Ecc. trav, chini. 1934, 53, 
387). It may bo rapidly and quantitatively 
acotylated by adding acetic anhydride to a 
solution in aqueous caustic all:ali (Chattaway, 
J.C.S. 1931, 2495). Methylation can bo effected 
by the usual methods and Tanaka, Isliimasa, and 
Koyama (Amer. Chem, Abstr. 1920, 20, 2070) 
compare the efficiencies and relative amounts of 
guaiacol and veratrol produced in tlic various 
methods. 


The properties of many calechol ynonoelJiers are 
given by Klarmann, Gates, and Shternov 
(J. Amer. Chem. Soc. 1932, 54, 1204), who also 
compare their bactericidal powers. 

Methylene, catechol ether (1), a colourless liquid, 
b.p. 172°-173°, is prepared by heating for20 hours 



catechol and methylene-chloride with sodium 
ethoxide at 120°. Ethylene catechol ether, (II.) 
b.p. 212°-214°, is prepared by 7-8 hours’ lieating 
at 190°-200° of a mixture of catechol, ethylene 
bromide, copper powder, and glycerol (Ghosh, 
J.C.S. 1915, 107, 1597). 

These and other cyclic ethers (e.g. vinyl, 
methyl vinyl ethers, etc.) yield bromo-, chloro-, 
etc., derivatives by suitable treatment (Ghosh, 
ibid . ; Orr, Robinson and Williams, J.C.S. 1917, 
111, 049 ; Moureu, Compt. rend. 1898, 126, 1426). 

Catechol hydrogen carbonate, 

C6H4(0H)-0-C02H,iH20, 
m.p. 240°, is produced when ammonium car- 
bonate is heated with catechol at 130°-140° 
under pressure or when catechol is heated at 
180°-210° with glycerol and potassium bicar- 
bonate in carbon dioxide (Praxmarer, Monatsh. 
1906, 27, 1199.) Esters of this acid and com- 
pounds formed by it with bases are used in 
medicine (Einhorn, G.P. 92535). 

Catechol carbonate, m.p. 118°-120°, may be 
prepared by treatment of catechol with diphenyl 
carbonate at 250° (Bischoff and von Heden- 
strom, Ber. 1902, 35, 3435) or by the interaction 
of phosgene and catechol in alkaline solution 
(Einhorn and Lindcnberg, Annalcn, 1898, 300, 
141 ; G.P. 7280G). It may be nitrated by fum- 
ing m’tric acid to 4-nitrocatechol carbonate, and 
this compound then furnishes a source of tlie 
4.-nitrocatechol (G.P. 264012; v. infra). 

Catechol monoacelic acid. 


Ethers and Esters. 

Monoelhyl catechol ether is guaiacol. 

Dimethyl catechol ether is veratrol. 

Diethyl eatechol ether, m.p. 43°-45°, is obtained 
by the action of ethyl iodide and alcoholic 
KOH on catechol (Hci-zig and Zcisel, Monatsh. 
1889, 10, 152). 

Monophenyl eatechol ether, m.p. 107°, is 
volatile in steam and may be prepared by boiling 
a benzene solution of 2-methoxydiphenyl- 
catcchol ether with aluminium chloride (Ull- 
mann and Stein, Ber. 1906, 39, 623) or by the 
interaction of benzene diazonium chloride with 
catechol (Norris, Macintire and Corse, J. Amer. 
Chem. Soc. 1907, 29, 127). 

Phcnylmethyl cateehol ether, m.p. 77°, results 
when the potassium compound of guaiacol is 
heated in guaiacol with chlorobenzene at about 
220° (G.P. 269543). 

Diphenyl cateehol ether, m.p. 93°, is describeii 
by Ullmann and Sponagel (Annalcn, 1906, 350, 
90), who obtained it by the action of potassium 
and ct)pj)cr powder on o-dibromobenzene and 
phenol at 220°-250°. 


C6Hi(0H)0-CH„-C0„H 

m.p. 131°, is obtained by the action of mono- 
chloracetic acid on catechol in alkaline solution 
(G.P. 87336, 87668, 89593). It may be purified 
by conversion on heating to 120° to its anh 3 ’dride, 
m.p. 50°. Salts and derivatives are used 
therapeutically (Boruttau, Chem. Zentr. 1919 
111,832). 

Bischoff and Frohlich (Ber. 1907, 40, 2780) 
describe catechol diacetic acid. 

Catechol diacetate, needles, m.j). 03-5°, is easily 
obtained from catechol and acetyl chloride at 
room temperature (Nachbaur, jVunalen, 1858, 
107, 246 ; Sudborough and James, J.C.S. 1905 
87, 1756). 

Catechol acetate methyl ether, guaiacy] acetate, 
“Eucol," b.p. 239°-241°, is prepared from guaiacol 
and acetic anhydride with a very htt le sulpluiric 
acid (Biscaro, Chem. Zentr. 1907, I, 745). 

Alkyl Derivatives. 

Alkyl catechols may be readilj' prepared by 
condensation of catechol with acid chlorides or 
with acids in the presence of a condensing agent. 
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Ffiess rearrangement of tho ester so formed and 
subsequent Clemmensen reduction of the atyl. 
tatechol. Rosenmund and Lohfert (Ber. 1928, 
61, [BJ, 2601) find that di-estera of catechol re- 
arrange in hot nitrobenzene containing alamin* 
lum chloride, one acyl group migrating chicfiy 
to the 4-i>osition and the other sphtting off. 
The best yields arc obtained in general by heat> 
ing the di-cster and aluminium chlonde for 2 
hours at 75" togetiier with 1 mol. of catechol ; 
m this way an 88 ywW of 4 aettotaleehcl or a 
70 0^b yield of i-butyroeaUckol was obtained 
15 P. 317194 claims the preparation of ocyl 
deniatires of vionaalLyl ealeekols, used oa 
therapeutic agents, by the condensation of an 
aliphatic acid chlonde with a monoalkyl ether 
of catechol in the presence of 2 mols. of atumm* 
lum chloride ; the acyl group takes up the p- 
jiosition to the — OH and tlie ketone may be 
reduced by the Clemmensen method. 

4 Caproylcateehol (yield 02%, m.p. 93®-94‘’) 
and 4-kexoylca(ecIitil (yield 50%, m.p. 25®-26°) are 
obtained from catechol, and 10% excess of the 
acid chloride followed by the same rearrange- 
ment (Stoughton, Bahzly, and Bass, J. Amer. 
Chem Soc. 1931, 56, 2007), The condensation of 
octoic acid with catechol m the presence of zme 
chlonde at 125°-135^ and subseouent Ctemmen- 
sen reduction to 0 elAylAerylcalceW is described 
in U S P, 1974821 , germicidal and therapeutic 
properties are claimed for the product. 

Cateebol ethers readily undergo rearrangement 
to alkyl catechols. Thus Perkin and Trikojus 
(J C.S 1927, 1C03) prepared 4 aUykaUeh<d 
(m p. 48®), identical with the “ allylcatechoJ " 
isolated from Java betel leaf oil, leather with 
2-allyleateckol (mp. 2S®) by the rearrangement 
of tho monoallyl ether of catechol at 170°-I80®. 
Kawai (Amer. Chem. Abstr. 1926, 20, 179S) 
and Hurd, Orcengard and Pilgnm (J. Amer. 
Chem. Soc. 1930, 52, 1700) desertbo the same 
reactions and the latter showed that diattyl 
tther of catechol yields 3 .6 diallylealechot on re- 
arrangement. 

Rohm and Haas Co. (U.S P. 200S032. 2008093) 
treat catechol with dHsobuIyteue ond sulpbucic 
acid or aluminium chlonde to give products of 
high bactencidal properties The matenal, 
111 p about 110®, is suggested as a germicide or os 
rail material in dye and allied industries. 

Alkjl catccbols may also be prepared by 
hydrolysis of chloronikyl ealeehols. 4-Phenyl- 
catechol la made from 4 phenyl 2-chlorophcnol 
by healing with an aqueous solution of alkali 
metal h\droxide or carbonate to above 200® 
(U.S.P. 1932735). 

4-Bulyl- and 4-affiyZ catechol, prepared by 
by drolysis of 2-halogC‘no-4 alky I catechols in the 
presence of cuprous oxide, are suggested as 
stabilisers for insecticidal compounds, os anti- 
oxidants for fats, soaps, etc, and to prevent 
gum formation in petrol fuels (U.S.P. 1012827). 

AUyl; acyl-, and aryl catechoU have been 
widely used as thera^utic antiparasitic agents, 
germicides, and in otherways. Lainson,Brown, 
and Ward (J. Pharm. Exp. Then 1935, 53, 198) 
conclude that 4 hexylcaUchol is the only poly, 
hydroxy-benzene homologuo to exert marked 
ascaricidal properties, but many claims for other 
similar catechols occur in the patent btemtare. 


Nitro Deeivativfs. 

3 Xitrocatechol, m.p. 86 5®, may be obtainel 
by the direct nitration of catechol in ether Ij 
fuming nitric acid (Weselsky and Bencdikt. 
Monatsh. 1832, 3, 386) when it is most cosiIt 
separated from tho 4-nitrocateehol also formed 
by extraction with petrol in vi hich the 3 nitro- 
catechol is the more soluble (Vermeulen, Re? 
trav. chim. 1906, 25, 23 ; Poglesong md 
Newell, J. Amer. Chem. Soc. 1930, 62, 834); 
«i nitro- and m-amino phenol on oxidation sbo 
yield 3 nitrocatechol (Bamberger and Czerlu, 
J. pr. Chem, 1903, [ii], 68. 477). 

4-XitrocaleehoI, m p. 175®, obtained togelh“r 
xiith the 3 nitro compound as above, is alw 
prepared by the oxidation of m-nitrophenij 
with potassium persulphate in alkaline solution 
(GP. 81298) Cardwell and Robinson (JCS 
107, 258) prepared 4-nitrocafechol by hydrolysing 
4 nitrocatechol 2 methyl ether withhydrobromic 
acid It is also obtained by nitrating catechol 
carbonate (f supra) w ith fuming nitric acid ami 
heating the product with water (G P. 264011) 
van Erp (Ber 1D3J, 64, [BJ, 2813) desmbrs lie 
hydrolysis of 2-ehloro 4 nitrophenolwithaqueoui 
potash togivc4 nitrocatechol; caustic soda is not 
satisfaetory. 

3 5-Z)inilreealsc^ol, ro p 164*, is formed when 
catechol diacetate is nitrated with concentrated 
acid and the product hydrolysed with cold sul 
phunc acid (Nietzki and Kloli, Ber. 1893, 26, 
2183). 

SvLFHOMC Acids. 

Catechol stilphome aetd is best prepared tij 
hydrolysis of a m-halogen phenol sulphonie sew 
by caustic soda at temperatures above SOO® 
(infer al.. G.P. 0623 ; B P. 14031). 

CafecAol 3 5 disuiy<onic acid is obtained bf 
direct 8u)p)ionation of catechol with fuming 
sulphuric and (Cousin, Compt. rend. 1893. 
117, 113) or by fusing phenol trisulphonic acid 
or Its salts witfi alkabs. 

Both the sulphonie and disulphonic acids find 
much use either alone or as salts or complexes in 
chemotherapy especially as \ crmifuges Schimdl 
(Chem. Zentr. 1934, i. 3878) details the use of 
tho sodium salt of cotechol 3 5 disulphonic aci'j 
(I) in the preparation of complexes for medictl 
use. FuacUn, Sb'" — his — {I)'7H,0, and Set 
tadin, Ca — (I) 4HjO, are compared with tartsf 
emetic for pharmacological and therapeuUc 
use (see also J. Amer. Med. Assoc. 1933, IW 
1653). Tho preparation of these and othet 
complexes are covered m U.S.P, 879333, 1889383. 
1718492. Erhardt and Brumpt (Amer. Chejn 
Abstr. 1933, 27, 3003) show that cat hver flukes 
aro not killed by fuadm and other antimony 
compounds. Arsenic, mercury and manganese 
eomplexca are particularly active in causing 
increased excretion of eggs but aro less active 
than the antimony compounds and do not ki 
the worms. 

IlALOaES Derivatives. 

4 ChloTocalechol, m.p. 80®-8l®, is obtain^ by 
the action of sulphuryl chloride on catechol 
ether ; some 3 cMorocatechol is also form 
(Paratoner, Gazzetta, 1898, 23, I, 222)- uv 
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modifications, m.p. D0°-91° and 59°-61°, have 
been isolated. 

4x5-Dichlorocatechol, m.p. is formed 

if e.vcess sulphuiyl chloride is used in the above 
reaction or if 4-chlorocatechol is treated with 
sulphuryl chloride (Paratoner, l.c.). 

3:4‘.o-Trichlorocatechol, m.p. about 106°-109°, 
is obtained b 5 '' the action of chlorine on 4:5-di- 
chlorocatechol in acetic acid (Willstatter and 
JIuUer, Ber. 1911, 44, 2185). 

i-.o-Diclilorocatechol, m.p. 83°-84°, results from 
the oxidation of 3:5-dichlorosalicyIaldehyde with 
alkaline hj’drogen peroxide (Dakin, J. Amer. 
Chcm. Soc. 1909, 42, 488). 

For the preparation of 4-hromo- and 3:5- 
dibromocatcchol, see Dakin (l.c.). 

3:4:3-TribromocalccJiol is obtained in good yield 
by the direct bromination of catechol in chloro- 
form (G.P. 207544, 215337) whereas ielra- 
bromocatecliol results from the action of excess 
bromine on C-bromopiperonal for 3 hours at 
100° in the presence of 1% of aluminium bromide 
(llaiford and Oberst, J. Amor. Chem. Soc. 1933, 
55, 4288). 

The preparation of 4-iodocatecJiol from 4- 
aminocntccholdiacetate is detailed by Fourneau 
and Dniey (Compt. rend. 1934, 199, 870). 

Catecholphthalein is prepared by heating 3 
parts phthalio anhydride with 2 parts of catechol 
and 3 parts zinc chloride to 140°-lo0° for 3-4 
hours. It may be crystallised from benzene 
but has no sharp melting-point, sintering at 
80°-90°. The yellowish crystals are volatile in 
steam, dissolve in cold concentrated sulphuric 
acid to give a deep red solution, are soluble in 
caustic alkali to give a faintly fluorescent blue 
and in mild alkali to give a violet solution. 

Catecholitaconein and catecholcitraco- 
nein are described by Dhar and Dutt (J. Indian 
Chem. Soc. 1927, 4, 247). 

For dyes produced from catechol and diazo- 
compounds, see IVitt and Mayer (Ber. 1893, 26, 
1072) and Orton and Everatt (J.C.S. 1908, 93, 
1010 ). 

With phthalic anhydride and sidphuric acid 
at 150°, catechol yields alizarin (Liebermann and 
Hohenemser, Ber. 1902, 35, 1778) (v. Auzarin). 

Hclferich, Lang and Schmitz-Hillebrccbt 
(J. pr. Chem. 1933, ii, 138, 275) describe glucose- 
azodyes of catechol which dye wool a reddish- 
yellow at 100° or in the presence of emulsin. 

CATECHU orCUTCH. There are several 
varieties of catechu or cutch bearing different 
names according to the country or plants from 
which they arc obtained. The following are those 
principally employed by dyers and tanners : 
Gambicr catechu, Bengal or Acacia catechu, 
Bombay or Arcca catechu, and Mangrove cutch. 

Oambkr catechu. — Gambler, yeUow cutch, 
cubical cutch, cube gambicr, or terra 
japonica, is obtained from the Uncaria Gambler, 
an extensive seandent bush which is met with, 
both wild and cultivated, in Malacca, Penang 
and Singapore. The catechu is isolated by 
extracting the leaves and twigs with hot 
iratcr until the liquid becomes sjTup^', the 
insoluble matter being removed firom time to 
time by means of a strainer. On cooling, the 
pasty mass is cut into 1 in. cubes and dried on 
bamboo trays. 

VoL. II. — 28 


Gambler catechu is largely used for the pro- 
duction on cotton of the well-known “ catechu 
brown,” which is e.xceedingly fast to light, acid 
and alkaline solutions, and also to bleaching 
powder. To obtain this, cotton is steeped in a 
hot solution of catechu (1-2%) to which has 
been added about 6% of copper sulphate, cal- 
culated on the weight of catechu employed. 
The material is allowed to remain in the bath 
as it cools, and without washing is treated in a 
second bath with a warm or boiling solution of 
potassium bichromate (0-l-0-2%). The colour 
is apparently intensified by the formation of a 
basic copper chromate. 

Wool may be d 5 md with catechu in a similar 
manner to cotton, whilst in silk dyeing catechu 
is largely used for weighting purposes. 

Bengal or Acacia Catechu. — Bengal catechu 
is derived from the Acacia Catechu, a tree 
15-20 ft. high, which is common in most parts 
of India and Burma. To isolate the catechu 
which is present in the red heartwood, the tree 
is cut down whilst it is most full of sap, and the 
internal portion is sawn into small sticks and 
extracted with boiling water. The liquid is 
concentrated over a fire, and then allowed to 
evaporate spontaneously in shallow dishes. 
The extract thus obtained comes into the market 
as Pegu catechu, brown cutch, and brown 
catechu (Crookes, “ Dyeing and Calico 
Printing,” Longmans, 1874). 

A purer substance, hath, or the pale catechu 
I of India, is prepared by suspending twigs in the 
hot concentrated extract and collecting the 
crystals which thus separate. 

Bombay or Areca Catechu. — This variety is 
obtained from the fruit of the Areca Catechu, or 
betel-nut palm, a tree which is common in 
tropical Asia. It possesses a bright chocolate 
and sometimes an orange-brown colour, and 
yields, on dyeing, very similar results to the 
ordinary cutches. 

Mangrove Cutch. — This is obtained from the 
bark of the mangrove Ceriops Candolleana, and 
is of somewhat recent employment. In its 
preparation it is preferable to extract the fresh 
bark, which is of a light colour internally, 
rather than the stored product which has 
become red, or is said to have “ sweated.” For 
many purposes, mangrove cutch is said to be 
competing closely with the other varieties of 
catechu. 

Although catechu received perhaps greater 
attention than other natural dyes, the results 
were so varied that the chemistry of the subject 
was for a long time in a most unsatisfactory 
condition. Some confusion arose from the non- 
appreciation of the fact that the main consti- 
tuents of Gambier and Acacia catechu are not 
identical, and some uncertainty also apparently 
existed ns to the botanical origin of the com- 
mercial varieties. 

CdXEcrrnr. 

Catechin, the crysfalh'no principle of Gambier 
catechu, was first described by Flees van Esen- 
beck (Annalen, 1832, 1, 243), was subsequently 
examined by Berzelius (Jahresber. 1837, 14, 
235), and more recently by numerous chemists. 
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It was shown Ly von Kostanocli and Tambor 
(Ber. 190i 35, 1867) and simultaneooaly by 
Perkin and Yoshitakis (J.C.S. 1903, 81, 1162) 
that its formula is correctly represented aa 
C,5H,40,.4Hj0. 

Catechm forms colourless needles, and when 
crj-stalhscd from water the air-diy prodact 
melts at 9C* (Clauser, Bcr. 1903, 36, 101) ; 
after standmg over sulphuric add, the water of 
ciystallisation is lost, and the anhydrona snb- 
stance melts at r«6‘’-177®. Catechm is readJy 
soluble in boiling water and cold alcobol, and 
gives with lead acetate solution a colourless 
precipitate, and with ferric chloride a deep ; 
green liquid. With pine wood and hydro- j 
cliloncacid it gives the phloroglueinol reaction I 
On fusion with alkali, protocatechnic acid, i 
phloroglueinol, and probably acetic acid an. 
produced, and it is interesting to note (bat 
catechu has been considerably employed for the 
commercial preparation of protocatechuic acid. 

From Bengal or Acacia catechu. Perkin and 
Yoshitake {l.c.) isolated acacatechin. 


which melts at 2C)l°-203‘’, and is somewhat more 
sparingly aoluhle in water than catechm 
When fused with alkali, acacatechin gives the 
same decomposition products as catechm 
On the other hand, the meUing Mints of the 
substances themselves and aUo of their denva- 
tiles dider widely, and it is thus evident that 
catechm and acacatechin are isomerides 
By oxidising an aqueous suspension of catechm 
tetramethyl ether with potassium permanganate, 
Perkin (J.C.8. 1905, 87, 398) obtamed veratne 
acid and most probably phloroglucmol dimethyl 
ether, and as the result of hia investigation 
considered that catechm was possibly a reduction 
product of quercetin and possessed either 
formula (1) or (II). 




U 


OH 

OH 



It is interesting to note, in this connection, that 
a small quantity of quercetin is present in 
cntcchn (1.6we, i. anal. CTiem. 1874, J3, 113 • 
Perkin, J.C.S. 1697, 71. 1135). 

S. von Kostnneclj and Lampc (Ber. 1906, 39, 
4007 ; 1907, 40, 4010) concluded from their 
study of the subject that catechm is represented 
by formula (111), whilst Nierensfem (J.C.S. 


1920, 117, 971. 1151 ; 1921, 119, 161) 8ugg«tri 
formula (IV), 



OH , 

Vh 


By the reduction of catechm tetramelbyl 
ether, followed by methjlation, von Kostaneeb 
obtamed a pentamethyl ether which be con 
eidered to be 2.4.6 tnmethoxy-3 ethylphenyl 
3':4'-dimethoxyphenyl methane (V) ()n the 
basis of the formula (I or II) assigned to cstrchia 
by Perkm, this reduction and metbylatioa 
product should be the Mntamethoxy sy 
diphenylpropane denvative (Vl), whilst sreoru* 
mg to Miereostem’s formula (IV) tbs product 
should be the as-diphenylpnpane denvative 
(VII). Freudenberg (Ber. 1920, 63, [B], 1416) 



OMe 


VII. 

settled this point by the synthesis of 2 4.6.3'^ • 
pentamethoxy-ay-diphenylpropanc (VI) Ui» 
condensation of phlorneetophenone trimedij* 
ether with \eratraldebjde yield* 2 4 6 tn 
methoxyphcnyl 3':4'-diinethoxjstyryl ketor*. 
from which, by reduction with- hydrogen w 
presence of platinum, 2 4 C 3'. '4 pentamethosy- 
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ay-diphcnylpropane (VI) is obtained. The 
identity of this substance ■fi-ith von Kostanecki 
and Lampe’s methylated reduetion product of 
catechin tetramethyl ether, and also with the 
corresponding product from acacatechin tetra- 
methyl ether, was conclusively established by 
Freudcnberg {l.c. ; Z. angew. Chem. 1921, 34, 
247) and Freudenberg, Bohme, and Beckendorf 
(Ber. 1921, 54, [B], 1204), and it was evident that 
formula; (UI) and (IV) must be abandoned in 
favour of formula (VIII) or an alternative 
structure (formula IX). 


OH 




IX. 


Catechin and acacatechin yield acetyl and 
benzoyl derivatives which are optically active, 
indicating that the free compounds are optical 
isomorides, the former being d-catcchin and 
the latter a mixture of i-catechin and dl- 
catechin (Freudcnberg, Bohme, and Beckendorf, 
l.c.}. Thus, acet3'l Gambler catechin has [a]” 
4-40-6° in s-tetrachloroethane, whereas acetyl- 
acacatcchin is IsBVorotatory, and from this a 
racemic compound, m.p. 166°, can be isolated 
by repeated crystallisation. When the crude 
Imvorotatory acetyl derivative from acacatechin 
is mixed with the calculated amount of the 
pcnta-acctyl compound derived from Gambler 
catechin, the r-dcrivativo is obtained in theo- 
retical amount. Similarly, when pontabenzoyl- 
acacatechin is mixed with the requisite quantity 
of pentabcnzoyl Gambier catechin, penta- 
benzoj’l-r-catcchin, m.p. 185°, is obtained. 

As a result, Freudcnberg, Bohme, and Purr- 
mann (Ber. 1922, 55, [B], 1734) conclude that 
the fifth hydro.xyl group in catechin occupies a 
position marked (a) or (6) in formula (VUI) 
or (IX). If this hj-droxjd is attached to the 
carbon atom (a), one nsjunmetric- carbon atom 
only is present, and catechin thus will only 
exist in two active and a racemic form. If, 
however, the hydroxj’l is attached at either of 
the two positions marked (6), two asj’mmetric 
carbon atoms must bo present in this sub- 
stance, pointing to the existence of two racemic 
and four active forms. The latter must bo the 
case, for on boiling r-catcchin in sodium chloride 
Bohition _ a partial transformation into r- 
cpicalcehin occurs. This conclusion is con- 


firmed by Freudcnberg and Purrmann (Ber. 
1923, 56, [B], 1185), who describe in detail the 
separation of I- and r-catechins and U and 
r-epicatechins from Acacia Caiechu, the com- 
pounds being obtained in the relative amounts 
60:320:30:30. Two specimens of .4cacia Catechu 
from India consisted (i) of nearly homogeneous 
r-catechin and (ii) of a mixture of approximately 
equal amounts of r- and i-catechins. Further, 
it is shown that d-catechin in aqueous solution 
at 125° passes into r-catechin and r- and d- 
epicatechins. d-Epicatechin was isolated in the 
homogeneous state, and it was thus possible 
to place beyond doubt the racemic nature of 
r-epicatechin. 

According to Nierenstein (Ber. 1923, 56, 
[B], 1877), tetramethylacacatechin can be con- 
verted into a pentamethyl derivative identical 
with the pentamethyl derivative of “ catechin- 
C ” (Perkin and Yoshitake, l.c.). This, which 
occurs in small amount in cube Gambier and 
in Pegu catechu, is designated isoacacatechin. 
On the other hand, Freudcnberg and Purrmann 
(Annalcn, 1924,437,274) observe that “ catechin- 
C ” [m.p. 235°-237°, disazobenzeno derivative, 
m.p. 215°-217° (decomp.)] is identical with d- 
epicatcchin, m.p. 245° (deconjp.) [disazobenzeno 
derivative, m.p. 216°-218° (decomp.)]. Again, 
Freudcnberg and Purrmann isolated a, small 
quantity of d-epicatechin from Gambier catechu. 

By extracting the heart-wood of Acacia 
Catechu, these authors obtained almost pure 
i-epicatechin and not the expected 1-catechin. 
In addition, a little dl-catechin was isolated. 
It is concluded that the acacatechin of Perkin 
(J.C.S.- 1905, 87, 398) consisted largely of dl- 
catechin admixed with some l-epicatechin, a 
conclusion confirmed by mi.xed melting-points 
of Perkin’s derivatives with those of dl-cateohin, 
and by the observation that dl-catochin always 
sinters 60°-70° below its melting-point (205°- 
210°) when epicatechin is present. 

The relationships of the catechins as deter- 
mined by experiment are shown in Table I 
(p. 436), whilst Table II (page 436) gives the 
properties of the various isomerides and their 
derivatives. 

Freudcnberg, Orthner, and Fikentscher (An- 
nalcn, 1924, 436, 286) show that four formul® 
are possible for catechin, viz : 





HO 


CH-OH 




XIII. 
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Tadli: 1. 


(M«mixiurc, T»=transforination, R=racemUation ) 

I R _ I 

d Catechin dl Otechm •< J-Catechm 



CrjiUlliDQ form 
M«ltlos roist . 

^ater of cnetUiliatloa 
Ca]|]| la alcohol 

I, fa aqocoQS acetone 
Peata acetyl m.p. 

.Tctrametbyl- , mp 
IWotamethyl- ' imp' 

.TctramethyUcctyl ntp 

Tetramethjl toluene- 
eulphoD} 1 lu p 

Wutabenzo}!- m p 
[nliTii • • 


SlcQdct 
needlea 
+4H,0. 03’- 
95*. aonydr 
174*-173‘ 

0 or 4H,0 

•(•in* (9%) 
13l*-l32* 

+ 10 0* (3%), 
143*-1«4* I 
-13 4* (3%) 
00’-9l‘ i 
t8 3MI%) 


8fl*-87* 

■ + 22 V (9%) 


Slender 
needles 
•f4H,0.93’- 
03*. aonydr 


* 16 8* (3*.» 
I3i‘-ia2^ 


86*-«7* 
-22 7* (8%) 
, 167M60* 
-50 3* (5%) 


Slender 

needles 

212’ 214* 


4H,0 

l-t-es 0* (7M 

! + 50 0“ (4''J) 
151’-152’ 
l-flSS* f8»0 
J53’-154^ 
+ 61 5* (2%) 


•082’ (0*«) 

1-59 0* (4«i> 
‘ 1S1*-1&2“ 

i-W 

-03 «• 

I Or-92’ 
-7l 2* (5%) 


Kot crystallised. 


Thick pti’na 
also nrrdln 
224’-226' 


For deciding between tliese formnbr. reactions 
which had been serviceable for the determins- 
tion of the etructare of diacetone gincose were 
employed. Thos the tolueuesulpbonyl deriva- 
tive is boiled with hydrazine, when the following 
changes occur — 


HO— CH 

I 

HCO- 


I 


C;H,SO, OCH 


HCO— 

I 


I 

HCO- 


I 

CH 

|l 

CO— 

I 


with elimination of the original hydroxyl group 


and adjacent hydrogen atom. The toluene 
sulphonic ester of tetramethyl-d-catechm, thoi 
treated, yielded phloroglncinol dimethyl ether 
and 3-J7I p-dinjetho.TyphenyJpyrazohne, together 
with a small amount of the primary hydrazine 
Hence a Iron* configuration of the hydroiyl 
group in d-catechin tetramethjl ether is indi 
cated It was auhsequently found by Freuden- 
berg, Fikentacher, and Harder (Annalen, 1923, 
441, 157) that I epicatechin tetramethyl ether 
behaves as the cis-isomeride, smeo its j> toluene- 
sulphonyl denvative reacts, with hydrazine 
yielding the unsatarated compound 
eptca/ecAia leframeMyl ether, m p. 119®, in 
yield. 

Formula (XIII) must be discarded since o* 
trana isomerism is not possible unless the 
hydroxyl groop is in the hydrogenated ring 


^tem. I^rmula (X), {XI), and 


of the production of the respective a 
derivatives {a}, (6, 1 and 2), and (e) : 
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\/0 


''CH- 

I 

. /^CH 

CH 

i'T) 



' CH— < 


CH 

(2) 


(6) 




,o 

\ 


C-CH, 


CH 


(c) 


Freudenberg, Fikentscher, and Wenner {An- 
nalen, 1925, 442, 309) settled this question by 
the synthesis of (c). Pbloroglucinaldehyde 
dimethj’l ether condensed with co-bromoao.eto- 
veratrono yields 4:6-dimcthoxy-2-(3':4'-dimeth- 
oxybenzoyl)coumarone, and from this, by reduc- 
tion with sodium and amyl alcohol, 4:6- 
dimethoxy-2-(3';4'-dimetho.xybenzyl)coumarone 
(c), is obtained:. 


I 4-BrCH,-CO 

L 'CHO 

MeO 


OMe 

y 


OMe 


MeOr'^^r 


MeO 


\ /■ 

- ^ V 

CH 


OMe 
^OMe 



C— CH, 


y 

\ 


OMe 


OMe 


MeO 


As this substance is not identical with tetra- 
methylanhydroepieatoehin, the latter must, 
therefore, have the structure : 


MeO 



Co:iscqucntly (XII) is untenable for catechin, 
which thus has the constitution (XI). This is 
supported by the fact that tctramethylanhydro- 
epicatcchin in moist acetic acid solution passes 
into 3':4'-dimctliox\'phcnyl )3-2-hydroxv-4 :0- 
diraethoxyphenylethyl ketone : 


MeO 



OH 


OMe 


CHj-CHjCO 


-/ 


MeO 


V 


OMe 


identical with the product obtained by h}’dro- 
genating 3':4'-dimethoxj'phenyl /S-2-hydroxy- 
4:6-dimethoxystyryl ketone (cf. Pratt, Robin- 
son and WiUiams, J.C.S. 1924, 125, 206). 
Further, synthetic 3':4'-dimethoxyphenyl ^-2- 
hydroxy-4:6-dimethoxyphenylethyl ketone and 
tetramethylanhydroepicatechin give with hydro- 
gen chloride the same hydrochloride, which, on 
hydrogenation, yields 5:7:3': 4'-f etramethoxy- 
flavan : 

OMe 


MeOi 



OMe 


MeO 


identical with tetramethyideoxyepicatechin, a 
compound earlier prepared by Freudenberg, 
Fikentscher, and Harder (l.c.) from anhydro- 
cpieatechin tetraraethyl ether. 

In final confirmation of the structure assigned 
to catechin, Freudenberg, Fikentscher, Harder, 
and Schmidt (Annalen, 1925, 444, 135) obtained 
dl-epicatechin and pentamethyl-di-epicatechin 
by catalytic reduction of cyanidin chloride and 
its pentamethyl ether, respectively. In a 
similar manner, Freudenberg and Kammiiller 
(Annalen, 1927, 461, 209) prepared dl-epicatechin 
pentamethyl ether from quercetin pentamethyl 
ether, whereas deoxyepicatechin tetraraethyl 
ether was thus produced from luteolin tetra- 
methyl ether. 

Whereas tetramethylepicatechin (XIV, con- 
taining the H and O H groups in the cis-position) 
on dehj’dration yields the totramethoxyflavene 
(XV) (f.c.), Freudenberg, Carrara, and Cohn 
(Annalen, 1925, 446, 87), by dehydration of 
tctramethylcatechin (XIV, in which the H and 
OH groups are in the Irons- position), obtained 
the substance (XVI), tbe production of which 
arises from the migration of the dimethoxy- 
phenyl group during dehydration. This 
substance had in reality previously been 


OMe 


OMe 



MeO 


/CH OH 
CHb 
XR’. 


MeO; 



)OMe 


MeO 


XV. 


obtained by Drutnm (Proc. Roy. Irisli Acad. 
1923, 36, 41 ; .see aho ibid. 1924, 36, [C], 149 ; 
1929, 39, [B], 114) by the action of phospIioniH 



pentachloride on tetrametbyleatechin and treat- 
ment of the product with pyridine. By hydro- 
generation (XVI) yields the chromane derivatiTB 
(XVII), the constitution of which was prored Iqr 
synthesis (Freudenberg, Carrara, and &ihii, lx.) 


MeO 



Baker (J.C.S. 1929, 1593), by the oxidation of 
anhydrocatechin tetramethyl ether, obtained 
fi:7:3':4'-tctrainethoxy.3 phenyleoumarm : 

OMe 

and a au&sfunce which with boiling hydrochloric 
add ncea 5.7;3'.4'-tetramethoxTiso6aTyham 
chloride. The following compounds were uown 
to be identical: 6.7.3':4' tetramethoxyseo- 
flarybum chloride with the " hydrochloride ” 
of anhydrocatechin tetramethyl ether (FVeuden- 
herg, Carrara, and (^hn, le.) : the corre- 
sponding trodaTyhum bromide with the bromide 
described by Drumm (1 e.) ; and the “ hydro- 
chloride ’’ of anhydroepicatechin tetramethyl 
ether with tetramethylluteohrudin chloride 
(Pratt, Bobinson, atid IViUiams, 1 c ). 

CaleeJiulannie Aetd.-~-la addition to catcchm. 
Gambler catechu contains a small amount of 
catechntannic acid, and this substance is present 
in considerable quantity in the browner earieties 
of cutch. It consists of an amorphous reddish- 
brown jwwder, readily soluble in water and 
alcohol, insoluble in ether. Catechutaimic add 
gives a precipitate with lead acetate aolulion 
and also resembles catechin in giving a green 
coloration with feme chloride, and the phloro ' 
glucinol reaction with pinewood and hydro- 
chloric acid. It IS a powerful tanning agent, 
and appears to differ but httle from the eo- 
called “ catechol " tanmns. 

Catechntannic acid is said to be an anhydride 
of catechin and to be produced when an aqueous 
solution of catechin u heated to 11^, or by 
boiling catechin with solutions of the aititii 
carbonates. 

Finally, there are present in catechu certain 
brown snbstances known as ruJinic and yaponie 
aeidi which, according to some writers, appear 
to have been formed by the oxidation of the 
catechin. Their chemical nature is, however, 
nnknown. 

Catechin, though largely employed for taiming 
purposes, docs not precipitate a gelatin 


solution, and is not itself a tannin matter. Oa 
the other hand, it is adsorbed by the hide, asd 
there passes gradually into catechutannic acid. 

Details for the extraction and valnation of 
Gambier are given by Eaton and Bishop (J. Soe. 
Leather Trades’ Chem. 1926, 10, 395) Hooper 
(Analyst, 1925, 50, 162) desenbra a method for 
differentiating the propiortions of tannin and 
catechin m commercial samples of cutch and 
Gambler. 

According to Freudenberg, Bohme and Pun- 
mann (lx.), the catechin from Chinese ihuharh 
IS pure d-catechln ; that firom steamed maho. 
gany contains <21- and d-catechin, and proball; 
also d epicatechin. The catechin from Poal- 
linta Cupana is similar to that from mahogany, 

From green tea, Tsujimura (Sci. Papers Inst 
Phys. Chem. Res. Tokyo, 1029, 10, 252 ; 19J1, 
24, 149) isolated a catechin, evidently iepi 
catechin in the anhydrous form, and Ua cnfrcAia 
II, or gaUoca/echin, m p. 518°, [af^ —67 5°, to 
which the formula 

pH 

\oH 


is assigned. The penlamethyl tlher mslts st 
183®. By extracting fresh Formosan tea leaves 
with water, Oshina (Bull Agnc. Chem. Soe. 
Japan, 1936, 12, 103 ; Proe. Imp. Acad. Tokyo, 
1936, 12, 189) obtamed I epicatechin, galUe 
acid, an amorphous tanmn, C.gHtipu' 
foilMUehiTi, C]>H||Of, m p. 2^, [aj) -S? 
m water, -67-0® in alcohol (penfa^eetofe, m p. 
189®, ptniamtlhyl elAer, m.p. IM*), evidentlj 
identical with that isolated by Tiujimora. 
The amorphous tannin and the gallocatechm 
were shown by synthesis to bo Me-(6:7;3':4''6'- 
pe7iia7iydroTy)-flavpinaeol, and 3:5.7 3' .4:5- 
hexah^roxyflat^n respectively. 

Freudenberg and Oehler (Annalen, 1930, dw, 
140) isolated d-catechin and I epicatechin m 
sole products from fresh kola nuts, and thw 
the names kolatin, kolatein (Goris, Compt. rend. 
1907, 144, 1162), and cola-catechin (Csepsru. 
Phann. Acta Helv. 1929, 4, 181, 189) should U 
deleted from the literature. Contrary to the 
statement of Casparis (I c.), no catechin is pre- 
sent in fresh or tormentilla root. 

d-CatechJn is present in the fnut of Arua 
Catechu, L. (Yamamoto and ll°raoka, ba. 
Papers Inst. Phys. Chem. Kes. Tokyo, 193.., 
10. 142) and in the bark of the peach tree (CoUot 
and Rabat4, Compt. rend. 1936, 202, 1208). 

Freudenberg, Cox and Braun (J. Anier 
Chem. Sue. 1932, 54. 1913) show *^P'' 
catechin is present in the cacao bean (f/. A<ia“ 
efol.,i5id. 1931,53,727). . 

From “ rhatany root ” from Boh via ( 
argentea Mart.), Kierenslein (J.C.S. 1^-, 
isolated d- and dl-gambir-catechin. Inese ra 
catechins are also present in the cutebes iro 
the leaves of Unearia Gambier Boib , and • 
aeida Roxb. (Nicrensfein and co-workers, • 
Amer. Chem. Soc., 1031, 63, 1505). 

A. 0. P. and E- J- ^ 
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CATECHUTANNIC ACID i-. Catechu 

OR CUTCH. 

CATELLAGIC ACID. SchifF (Ber. 1882, 
15, 2590) obtained this acid by heating proto- 
catechuic acid with arsenic acid, and assigned 
the formula Cj 4 HioOj or Cj^HgO,. Perkin 
and Nierenstein (J.C.S. 1905, 87, 1417) obtained 
apparently the same substance by the oxidation 
of protocatechuic acid or p-hydroxybenzoio acid 
with potassium persulphate and sulphuric acid. 
Catcllagic acid ciysteUises from p 3 uridine in 
colourless needles which melt above 300° and 
sublime with but moderate carbonisation at 
higher temperatures. Solutions of the alkali 
hydroxides dissolve it with a pale yellow colour, 
and with nitric acid it gives a magenta-coloured 
liquid. By distillation with zinc dust fluorene 
is obtained. 

Catcllagic acid is closely related to ellagic acid 
and has the following constitution : 


O — CO 



CO — o 


DiaKlylcatellagic acid, colourless prismatic 
needles, melts at 322°-324°. 

A. G. P. and E. J. C. 

CATHARTIN, CATHARTOGENIC 
ACID. An infusion of the leaves and pods of 
the Alexandrian shrub Cassia acutifoUa. It is 
used as a cathartic. 

CATHIDINE, CATHININE v. Cathine. 

CATHINE. Catha edulis, syn. Celaslrusedulis 
(Earn. Celastraceas) is a plant, the leaves of which 
arc chewed as stimulant to a very large extent 
in Abyssinia and Yemen. The plant is indi- 
genous to Africa, Turkestan, and Afghanistan 
(Owen, ' J.S.C.I, 1910, 29, 1091). Por early 
literature and botanical investigation, see 
Beittcr (Arch. Pharm. 1901, 239, 17) and 
Chevalier (Bull. Sci. Pharmacol. 1911, 18, 264). 
Stockman (Pharm. J. 1912, 35, 076) isolated 
three different alkaloids from C. edulis : cathine 
(crj-st., yield 0-27%), cathidine (amorphous, 
0-32%), and caihininc (cryst. (?), 0-15%) ; ben- 
zene seems to bo the most suitable solvent for 
extraction. 

Cathine, CjHjjON, m.p. 77° (from benzene), 
[n]p -)-42'5° has been identified by Wolfes 
(Arch. Pharm. 1930, 268, 81) with d-uoriso- 
ephedrine, the same compound which had been 
isolated from a Chinese ephedra (c/. Smith, 
J.C.S. 1928, 51 ; NagaiandKanao, Araer. Chem. 
Abstr. 1929, 23, 1472). There is nothing kno^vn 
about the constitution of the two other alkaloids. 

CAULIFLOWER r. C.\i)HAOE. 

CAULOPHYLLINE, CjjH„ON„, occurs 
in Cavlophylhim lhalictroides (Linn.). It is 
nicthvlcvtisinc. 

C A'UST I C O I L O F A RS E N I C r. Arsenic, 
Arsenic CiiLORinE. • 

CAY CAY FAT, or Cochin Cliina wax, is 
obtained from the fniit of the Cay Cay free, 
Irringia Oliveri Pierre. The wax has the 
consistency and texture of beeswax, but is more 


brittle, m.p. 39-7°, 0-913, acid value 0-86, 

saponification value 235-3, iodine value 6-7, 
Reichert-Mcissl value 0-62, unsaponifiable value 
0-42%. The wax is composed mainly of 
m 5 Tistin 60-65%, laurin 30-35%, and olein 
about 5%. 

CAYENNE PEPPER v. Capsicum. 

CEDAR ITE V. Amber. 

CEDARWOOD CAMPHOR v. Cedrol. 

CEDARWOOD, ESSENTIAL OIL OF. 

The oil distilled from the wood of various species 
of Juniperus, chiefly J. virginiana (Earn. Coni- 
fera:) a tree found in North America. The 
wood is also imported from Honduras, Mexico, 
Trinidad, and Demerara. Yield 2-4%. The 
oil is a by-product from the manufacture of 
pencils. 

Constituents. — ^The main constituent is the 
sesquiterpene cedrene. Cedrol or cedar camphor, 
a sesquiterpene alcohol, is present in variable 
quantity and separates from some oils in crystals 
w-hich after crystallisation melt at 86°-87°. 
Two other sesquiterpene alcohols, cedrenol and 
pseduocedrol, have also been isolated. 

Characters. — Sp.gr. at 15-5° 0-940-0-960, Op’ 
-25° to -45°, 7t“ 1-495-1-610. It is used for 
microscopic purposes owing to its high refrac- 
tive index. A specially prepared oil containing 
other substances has a refractive index of 
1-515-1-626. C. T. B. 

CEDRA-CEDRAT (Fr. Cedrat). Thefruitof 
the citrus, Citrus medica (Earn. Rutaceaj). The 
peel is very thick, covered with an epidermis con- 
taining a fragrant essential oil, used for flavour- 
ing preserves, also used whole for wet comfits, 
and cut in quarters for dry comfits. A liqueur 
is made from it by gathering the fruit before it is 
ripe and grating the peel into brandy. 

CEDRELA TOONA. The Cedrela Toona, 
the Toon or Indian mahogany tree, is a largo 
tree 50-60 ft., although occasionally reaching 
100 ft., in height, the wood of which closely 
resembles mahogany and is imported into 
England under the name of “ Moulmein Cedar,” 
and much used for making furniture. It occurs 
in the tropical Himalaya from the Indus 
eastward, throughout the hilly districts of 
Central and Southern India to Burma, and is 
also found in Java and Australia. The flowers 
constitute one of the less important Indian 
natural dyestuSs, and are reputed to yield both 
a red and a yellow dye (known in Bengal as 
“ Gunari,” which is applied without mordants). 
The seeds are also stated to give a red dj*e. 
Although employed for dyeing purposes alone, 
the flowers arc also used in Burma in conjunc- 
tion with safflower, and together with turmeric 
to produce the sulphur-yellow colour or 
“ basanti ” of Cau-npore. 

Perkin (J.C.S. 1912, 101, 1538) examined the 
flowers of the Cedrela Toona and isolated a 
colouring matter w-hich crystallised from 
pyridine in orange leaflets ; these contained 
pyridine and became red and opaque w-hen 
w-ashed with benzene or alcohol, the pj-ridine 
being thus eliminated. The substance melted 
at 2&°-287°.nnd proved to be identical with the 
red colouring matter nyclanthin isolated bv Hilt 
and Sirkar (J.C.S. 1907, 91, 1501) from the 
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flowers of the Kydanthes Arlor tritIts. The 
amotint which is present in the Toon flowers is 
very small and does not seem to average more 
thanO 1%. The general similarity oftheproper- 
ties of njetanthm to those assigned to bixin 
(e. A^^ATTO, Bixn<) led Perkin to conclnde 
that the two compounds are closely related 
This conclusion was conflrmed by Kahn and 
AVintcrstem (Helv. Chim Acta, 1029, 12, 496), 
who showed that nyctanthin is identical with 
crocctin, the colouring matter of safiron (r. 
Cahotesoids). 

The flowers of the Cednia Toona contain m 
addition to crocctin a fair amount of quercetin, 
probably as glycoside, and also a second 
flavone or flavonol dyestuff the identity of which 
was not ascertained. A sugar, 
m p. 1G5“-16S°, IS also present. 

Dyeing Propertits — Cotton and woollen fabrics 
can be dyed a dull yellow colour by mere im- 
mersion in A boiling c'ctract of Toon flowers. 
This, howercr, is not permanent, and is reroored, 
although much more quickly from cotton than 
wool, by the action of soap or dilute alkali. 
Better results arc obtained hy the employment 
of mordants, and the following shades are 
obtained with mordanted woollen cloth . dull 
brownish-yellow (chroniiiim), foU golden-yellow 
(alummiura), bright yellow (tin), and dull ohee- 
brown (iron) During these operations, crocctin 
or its glycoside apparently plays no part, and 
the colours obtained arc due to the flavone 
glycosides present. A. G. P and E J C. 


CEDRENE. The sesquiterpene hydrwu 
bon eedrene, CjjHj,, bp. 121®/12 min,(l’’ 
09367, 1-5030, op —52 8°, occurs in cedat 

wood oil (from Juniperus virginiana) and vss 
first isolated from this oil by Walter (Annslcn 
1841,89,247 j 1843,48,35). It can be obtained 
also by the dehy dration of the alcohol ctinl 
(y.p.). Cedrene is probably most conveniently 
identified by its oxidation with chromic snd 
to the ketone eedrone, m.p. 32‘’-33“, 

d» 1 014, n^!. 1-51293, Wp -91-4% tem 
earbaione, m.p. 242®-243®. This ketone wss 
prepared first by Rousset (Bull. Soc. chim. 1897, 
[ill], 17, 483) and it has since been studied by 
Semmler and Hoffmann (Ber. 1907, 40, 3523). 
Ruzicka and van DIelsen (Annalen, 1929, 471, 
S4), and hy Blumann, Hellriegel and Schuh (Ber 
1929, 62, [B], 1698 j 1931, 64, [B]. 1540). The 
last mentioned authors showed that cedrene on 
ftuto-oxidation in the presence of cobalt resmatc 
gave a Bccondaiy alcehed, m p 103 5°, 

b p. 160“/12 mra , [a]p —217® (m alcohol), from 
which eedrone could be obtamed by oxidation 
With chromic acid. 

The oxidative degradation of cedrene and of 
eedrone has been investigated hy Semmlcr and 
his collaborators (Der. 1907, 48, 3523 , 1912, 
45. 355, 791, 1389, 1556) and by Buzicka and 
van Melsen (Annalen, 1929, 471, 54). Accordinz 
to Ruzicka and van Helsen the reactions which 
occur are best explained in accordance with 
the scheme given below : 


CM, 

C,H,o— CM 

i I li 

CM, — CM CMe 

icrO, 

CO 

C,H,o— CMe CH 

f I II - 

CH, — CH CMe 

X/' 

CH, 

CeJronc 


C,H„— CMe CO,H 
CH, — Ah COMe 

Cedrene ketonic acid 


CMe CO.H 

■I I 

CH, CH CH, COMe 


Korrrdrrne ketonU. aad 


C,Hi9-CMeCH,CO,H 
NiOB^ (1 h, — iHCH,-CO,H 

Cedrene dicarbox] lie add. 


C,H,o— CMe CO,« 
CH, — CH CH, CO,H 


Norcedrene dicarboxjlic acid 




C,H,a— CMeCOjMe 

CH, CHCK,CMe,OH CrO,' 

Cedrene camphoric acid 


C,H,o— CHMc-COjH 

c!o,h 


Slorc recently Treibs (Ber. 1935, 68, (Bj. lOlI) 
lias observed that cedrene yields p-cymene when 
it is hr.-itedwith a nickel pumice ca(atystat42(P- 
450®, whilst by oxidation lie has separateil an 
acid, which he suggests is camphoronic acid 
The bearing of these results on the structure of 
cedrene has hern di3cu<acd hy Short (J.SC.I. 
193", 874), Robinson and Valker 006, 
946), aud by Ruzicka and Juta5sy(IIelv. Chim. 
Ada, 1936. 19. 322). 


On catalytic hydrogenation cedrene 
dthydneedrene, bp. 122®-123®/10 mm. d” 
0 9204, n®" 1 4929, [a]” -f2®. J- ‘ 

CEDRIRET. A substance found in woe<! 
tar by Rcichenbach and recognised by 
monn as a quinonc like aubstante and terraw , 
him coerwhynone. Hofmann showed " V 
tetramethoxydiphenj 1 quinone, formed by in 
oxidition of pyrognllot dimeth^’ 1 ether. 
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CEDROL. The sesquiterpene alcohol, cedrol, 
CisHjcO, m.p. 86°, b.p. 292°, known also as 
cedar camphor and cypress camphor, occurs in 
cedam'ood oil (from Junipertis virginiana), in 
cypress oil (from Cupressus sempervirens) and 
in the oils from J. chinensis and Origanum 
smymicum. Cedrol is, as a rule, dextrorotatory 
([“]d +10'5° in the chloroform), but in a number 
of cases it has been found to be optically' 
inactive. The alcohol was first isolated by 
Walter (Annalen, 1841, 39, 247 ; 1843, 48, 35) 
and later studied by Gerhardt (Traits, 1856, IV, 
353), and by Rousset (Bull. Soc. chim. 1897, 
[iii], 17, 485), who suggested that it was a 
tertiary alcohol and prepared an acetate, b.p. 
157°-168°/8 mm. It was shown by Semmler 
and Spornitz (Ber. 1912, 45, 1553) that it can 
bo readily dehydrated by digestion with formic 
acid to give the tricyclic hy'drocarbon, cedrene 
(q.v.). Cedrol has been characterised by the 
preparation of a phenylurethane, m.p. lOd”-!©!". 
It has been found by Semmler and Spornitz 
(Ber. 1912,45, 1384) that cedarwood oil does not 
always contain cry'stalline cedrol, but that the 
sesquiterpene alcohol present is a ip-eedrol, 
b.p. 147°-152°/9 mm., 0-9964, rip 1-5131, 
[oId +21-5. Like cedrol, 0-ccdrol yields 
cedrene on dehydration, and it is converted 
into the crystalline alcohol by digestion with 
potassium or when its xanthate is hydrolysed 
(Kimura, Ber. deut. pharm. Gess. 1910, 20, 
293). It is probable, therefore, that the two 
alcohols are stereoisomerides. According to 
Bell (J.C.S. 1930, 1908) (i-cedrol is obtained 
when cedrene is oxidised with mercuric acetate. 

J. L. S. 

CELASTOID V. Cellulose Plastics. 

CELERY, CELERIAC. Common edible 
celery consists of the blanched stems of Apium 
graveotens Linn. Turnip-rooted celery or celeriac 
is a variety (var. rapaceum Mill.) in which the 
upper part of the root is much enlarged. The 
bulbous root is boiled and eaten os a vegetable. 
The following are ty'pical analyses of eelery : 



1 

HjO 

Pro- 

tein. 

Fat. 

N-frcc 

ex- 

tract. 

Fibre. 

Asli. 

German' . 


1-34 


5-87 

m 

0-97 

American- 

94-5 

1-1 


3-3 

1-0 


i von .Sclilcinitz (Landw. Jalirb., IU18, 52, ].41). 

- Atwater and Biynnt (U.S. Dept. Agrlc. Ofl. Exp. 
.81 a. Bull. 1000, Eo. 28). 


Coons and Klotz (J. Agric. Res. 1925, 31, 287) 
give the nitrogen distribution of healtliy' celery 
.stalks as : ammoniaeal N 0-3, nitrate N 5-8, 
hydrolysablo N S8-8, acid amide N 13-5, hurain 
N 9-6, total amino N 47-1, protein N 67-8, non- 
protein N 32-1%. Asparagine and tyrosine arc 
among the nitrogenous constituent:!. 

Mannitol is generally distributed throughout 
the plant, and among carbohydrate constituents 
there arc small amounts of sucro.'c and reducing 
sugars (Obaton, Compt. rend. 1929, 188, 77). 
Celery also contains approximately 1-5% of 
pentosans, a gluco.ride apiin, and inositc. 

Stems of petioles of celery contain specialised 


cells in which an oleoresin and an essential oil 
accumulate. The discoloration of celeriac occur- 
ringfreqnently on boiling is attributed to enzymic 
rcsinification of the oil effected by atmospheric 
oxygen (Schuphan, Bodenk. Pflanzenernahr. 
1937, 2, 255-304). The oil has the character- 
istics, d*® 0-866-0-894, [a]j) -1-60° to -1-82°, 
acid value 4, ester value 16-45, 7!^° 1-486, 
terpenes 70% (60% limonene and 10% d-seli- 
nene). According to the ifitablissements Antoine 
Chiris (Parfums de France, 1936, 14, 12) the 
essential oil occurring in celery seed differs con- 
siderably from that of stalks and leaves and is 
characterised by d*® 0-9165, [a]i)-l-55° 45', acid 
value 1-12, ester value 74-9. 

The characteristic odour and flavour of celery' 
and celeriac is ascribed to the presence in the 
essential oil of the anhydride of sedanonio acid, 
COjH-CgHg-CO-C^Hf,, and the lactone of 
sedanolic acid, sedanolide (Ciamician and Silber, 
Ber. 1897, 30, 1419) : 

CH, 

H,C CH— CO — . 

I I >0 

HjC C CHBu/ 

^C^ 

Palmitic acid and a phenolic substance are also 
present in the oil. 

Celery ash has the following composition as 
percentage of total ash : 



KjO. 

Na,0. 

CaO. 

MeO. 

FejOj. 

Shoots . 
Root . . 

33-1 

43-2 

19-3 

13-1 

13-1 

5-8 

1-4 



PjOj. 

SOj. 

Si?2- 

Cl. 

CO,. 

Shoots 

1 Root . . 1 

14-4 

12-8 

1-2 1 
6-6 

1-9 

3-8 

22-1 

15-9 

10-9 


Various records of the minor elements in celery 
include Fe 3-5-8-0, Mn 1-1, Cu 0-1-1-2 mg. per 
kg. (fresh basis), and in celeriac Mn 7-5, Cu 6-6, 
Zn 2-1 mg. per kg. A. G. Po. 

CELERY, ESSENTIAL OIL OF v. 
Celery. 

CELERY SEEDS. The dried ripe fruits of 
Apium graveotens Liim. (Fam. Urabelliferse), a 
native of the temperature regions of Europe, but 
cultivated e.vtensively. For official medicinal 
purposes, the fruit must bo collected from culti- 
vated plants, which are too well known to 
require description. The wild plant grows in 
marshy places and has a disagreeable taste and 
odour, which are not present in the cultivated 
variety'. The fruits consist of a cremocarp, 
composed of two mericarps, which may be 
united or separate. The crcmocarps are about 
O-S-1-5 mm. long, 1 mm. broad, and 0-5 mm. 
thick. Celery seed is commonly employed as a 
flavouring material, particularly' in celery salt, 
from which it should bo separated for examina- 
tion by its insolubility in water. It is also used 










442 


CELERY SEEDS. 


ni a sedatire and is popularly believed to l« 
effective as a cure for rheumatism. The enlti- 
vated stalks, leaves and roots are employed to 
a large extent as a salad or vegetable, and when 
dried m soup powders, 

Jlfcro3cop\c Appearance. — The cross-section 
of the mencarps is almost that of an equilateral 
pentagon, and there ate 6-15 vittai.ot oil cells, 
in the mesocarp, 1, 2, or 3 in each groove of 
the dorsal side, but 2 only on the commisnral 
Bide. The epidermal cells are polygonal with 
wavy walls and the cuticle is thick and tough, 
though delicately striated. The endocarp and 
seed are such as arc usually found in other seeds 
of the Umbclliferse. 

Chemical Componlion.—^he principal con- 
Btituent is the essential oil, and this is probably 
determined most satisfactorily by the method of 
Cocking and hliddleton (Quart. J. Pharm. 1935, 
8, 435). The seed is mixed with bnne and 
distilled, the vapours being passed through the 
top of a condenser into a graduated tobe, m 
which the oil is collected whibt the condensed 
water is returned to the distdlation dask. An 
air inlet or outlet is provided by means of aside 
tube below the condenser and above the 
graduated tube. The seed contains about I 83% 
of ^olatdo oil, for further details of which see 
Celert. 

SianAarde. — The '* British Pbannaceutical 
Codex ” suggests that the fruits should not con- 
tain more than 4% of foreign seeds and 1% of 
other organic matter, and not more than 2% 
of ash ioBoluble in acid. The “ National 
Formulary ” auggeeU that the total ash should 
not exceed 8%. 

eldubsmfion.— ’Mustard seed and other cheaper 
seeds are used to mix with celery seed, and the 
author has a sample containiog henl^ne seeds 
as adulterant T. McL. 

CELESTINE or CELESTITE. Native 
Btrontium sulphate (SrSO^), forming ortho- 
rhombic crystals isomorphous with baryte 
(BaSO,). Ihe crystals are colourless or 
yellowisn, bat sometiRies they show a pale tinge 
of sky-blue, and on this account the mineral 
receives its name. The mineral is often very 
like baryta in appearance, and it is also heavy 
(sp gr. 3 9 ; of baryte, 4 5) j it is most readily 
distmguished by the colour that the powdered 
mineral moistened with hydrochlonc acid 
imparts to the Bunsen Qame. Numerous Snely 
cryBtallised specimens have been found in the 
red marls of Triassic age in the neighbourhood 
of Bristol, and in the sulphur mines near 
Girgenti in Sicily. Deposits of cclesline occur 
in beds of Cretaceous age over a wide area in 
Russian Turkestan ; and the mineral is found 
also in Baluchistan. The largest crystals, 
measuring a foot across, arc from a cave in bme- 
stone on Strontlan Island, Lake Eric, Ohio. 
IVorkablc deposita are mined in Arizona and 
Cahfomia. The mineral is dug m numerous 
shallow pits in Gloucestershire and Somerset- 
shire. where in 1902 the production amounted 
to 32,000 tons valued at about £1 per ton;| 
but since then it has declined to less than 10,000 
tons per annum. Most of this was formerly | 
exported to Germany, where in the form ofl 
strontium hydroxide it was used in the refining I 


of beet-sugar. It is also converted into etnjn. 
tium nitrate for making red fire in pyrotechnj. 
For details respecting the British occurrenm. 
tee “Special Reports on the Mineral Resource* 
of Great Britain,” vol. lii (Mem. Geol. Sorvey), 
1915, 2nd ed. 1918; ‘‘Strontium Minetsls," 
Imperial Mineral Resources Bureau, London 
1923. L.J.6, 

CELESTINE BLUE. An oxazine dje. 
stuff. 

CELLASTINE r. Cellulose Plastics 

CELLl AM I N, CjiHj.OjN, m p. 127M31‘. 
is an alkaloid occurring in the root of Helkbmt 
tiridu 

CELLITON DYES v. Acetate Sar 
Dyes. 

CELLOBIA8E is a member of the ^ 
glucflse or ^-heteroglucosidase (Oppenheimer) 
class of enzymes, origmally described as emulsui. 
How far the members of this group are specifio 
ie at present uncertain. It hydrolyses cellobiose 
in which the junction of the two glucose residues 
IS Cj^-C,. It may also hydrolyse gentiobiose • 

which the junction is in which cam 

it IS the same as gentiobiose and amygdalase. 

The optimal Pa is 4 9-5 3. As yet very httia 
which is positive is known about these enzjnnei 
(see Grassmann, Annalen, 1933, 502, 20 ; 503, 
167 : Neuberg and Hofmann, Biochem. Z. 
1932, 256. 450 ; 285. 462). B. F. A. 

CELLOBIOSE. C„H„Oj,-glucoae.4.p. 
glucoside. M.p. 225®, The free sugar wm fint 
obtained by scetolysis of cellulose (filter paper) 
by Skraup (Monatsb. IWl, 22, 1011). Tie 
constitution was definitely established 07 
Haworth and Hirst (J.C.8. 1921. 119, 193 ; 1927, 
2809) and by ZempUn (Ber. 1926, 69. 12M} 
1927, 60. 1565). 

It is hydrolysed by emulsin but not attacked 
by invertose or maltase. 

The P-form has [ojo -H6" increasing to ■+35 
on mutarotstion. The calculated rotation of the 
a form » +72®. 

It forms the usual derivatives of a reducing 
sugar. The a-octaeetaU has m.p. 229® [a|n 
+42®. Thep-oclacerafeha8m.p.202®,[a]D— 14 5 . 

It has been synthesised by Freudenberg and 
Nagai (Ber. 1933, 66. [B], 27). 

Cellobiose has never been found naturally 
per te I it is a product of acetolysis of 
Ischenm and txmicin. Chief interest attaches to 
it as a component of cellulose to which it bears 
the same relation as does maltose to starch. 
The successive degradation of cellulose yields 
first dextnns and then smaller molecules con- 
sisting of cellobiose, cellotriose, cellotetrose. snd 
a cellohexose. The cellotnose is identical with s 
product described by Bertrand under the 
procellose (Compt. rend. 1923, 176, 1683). The 
cellodextnns range in molecular size from cmim 
of 10 to chains of 30 p glucose units. E. 1. A. 

CELLOMOLD r. Cellulose Plastics. 

CELLOPHANE (registered name of the 
British Cellophane Co.). Cellophan. A trans- 
parent film of regenerated cellulose, umo 
wrapping material for foodstuffs. fruJt. ^oba . 

etc., manufectured by forcing a “ .. 

xanthogenatc) through a long fine slot in 
acid bath. It has been used in the labors J 



celluloid. 


for osmoses experiments and when'herepatliite 
is incorporated in the film, a substitute for a 
Nidi’s prism is obtained. Cellophane swells 
when immersed in water, and a varnished water- 
proof variety is manufactured. 

CELLOSOLVE. This solvent, which is 
widely used in lacquer formation, is the ethylene 
glycol monoethyl ether and was one of the 
earliest of the synthetic solvents manufactured 
in the States by the Carbide and Carbon 
Chemicals Corporation, U.S.P. 1644420, 1927. 
The method of manufacture generally of the 
glycol mono ethers consists in heating under 
pressure a mixture of an olefine oxide and an 
organic hydroxy compound, catalysts not being 
used. As a case in point a mixture of ethylene 
oxide with twice the theoretical amount of ethyl 
alcohol is pumped through a system in which the 
temperature is raised to 180°C. and the pressure 
to 30 atm. Alternatively the olefine oxides may 
be heated with alcohol under pressure in the 
presence of di-ethyl or di-methyl sulphate, for 
example, ethylene glycol monoethyl ether can 
be obtained in a 90% yield by heating ethylene 
oxide with ethyl alcohol at 100°C. under a 
pressure of 60 lb. per sq. in. with the addition 
of a small amount of diethyl sulphate. 

In general the mono alkyl ethers of ethylene 
glycol are odourless and colourless liquids. 
They dissolve cellulose nitrate, cellulose acetate, 
resins, oils and gums. Cellosolve itself boils at 
ISI'C., has a density of 0-9360, refractive index 
1-4042. The acetate of this ether (cellosolve 
acetate, i.e. ethylene glycol monoethyl ether 
acetate) boils at 153°C., and is a good solvent for 
cellulose nitrate and a variety of gums. The 
use of cellosolve demands adequate ventilation. 

Higher homologues have been put forward as 
solvents, e.g. the mono amyl, the mono phenyl 
and the mono benzyl. 

For a detailed account -of this- and - similar, 
materials, “ The Chemistiy of Petroleum 
Derivatives ” by Carlcton Ellis (Chemical 
Catalog Co.) sho^d be consulted. A. E. D. 

CELLOTROPIN. Benzoyl derivative of 
hydroquinone glucose, CjjHjjO- (mono-benzoyl 
arbutin), a glucoside found in pear leaves. 
JI.p. 184-6°. Formerly prescribed for pul- 
monary tuberculosis. 

C E L L U LAS E . An enzyme which hydrolyses 
cellulose. 

CELLULO ID. Celluloid is the name usually 
applied in Europe to the thermoplastic colloid 
made from nitrocellulose and camphor. In 
America the word is the registered name of the 
product of one Company. 

Alexander Parkes, of Birmingham, the in- 
ventor of the cold vulcanising process for india- 
rubber, and of the Parkes process for desilvor- 
ising lead, was the first to discover the valuable 
properties imparted to nitrocellulose by mixing 
it with camphor. He exhibited small articles 
made from this mixture before the Royal 
Society of Arts in 1865, under the name of 
“ Parkcsinc.” The name “ xylonite,” by which 
the material is usually known in the United 
Kingdom, was adopted by one of Parkes's 
associates, Daniel Spill. Other American names 
besides “Celluloid” are “ Pyralin,” “Vis- 
coloid,” and " Fiberloid.” Early development 
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work in Great BriLiin was not successful, but 
the Hyatt brothers in the United States put the 
industry on an industrial footing. It returned 
to this country in the late ’seventies and has 
been manufactured here ever since. The 
estimated world production of celluloid is 
40,000 tons. 

'The manufacture of celluloid is conveniently 
dh-ided into three stages : 

(1) The preparation of nitrocellulose. 

(2) Plastification of nitrocellulose with cam- 

phor and shaping into sheets, tubes, and 
rods. 

(3) The finishing processes applied to raw 

celluloid. 

(1) Preparation op Nitrocei,i.iilose. — 
Nitrocellulose for the manufacture of celluloid 
is made almost entirely from cotton linters or 
purified wood cellulose. Linters is preferred 
when the beat colou'/ is required in the product. 
The percentage of nitrogen considered best for 
celluloid manufacture is from 10-7 to 11-1, 
which requires the use of a nitrating bath con- 
taining from 68-60% of sulphuric acid, and 
20-23% of nitric acid. Different factories have 
their own standards, to which they adhere very 
closely. A patented method for the nitration 
of wood cellulose in somewhat thick pieces 
specifies a much higher percentage of nitric acid 
and a correspondingly lower percentage of sul- 
phuric acid. The type of nitration apparatus 
used almost universally is one developed by 
Messrs. E. I. DuPont de Nemours in the 
United States during the war, in which one 
centrifugal takes the product from several 
(usually four) stirring vessels, called mechanical 
dippers. The latter are charged in turn with a 
measured amount of mixed acid at a controlled 
temperature, the charge of opened and dried 
cellulose- is put in, and-the mi.xture is mechani- 
cally stirred to ensure that the cellulose is 
completely wetted by the acid. At regular 
intervals the stirrers arc emptied in turn into 
the centrifuge on the floor below, the excess of 
nitrating acid is spun out os completely as 
possible, and the pulp of nitrocellulose with its 
retained acid is discharged through a centre 
orifice in the base of the centrifugal into a 
stream of water in a drowning vessel below. 
The recovered spent acid is treated with the 
correct amount of revivifying acid to reproduce 
the original bath. 

Nitrocellulose so prepared contains a small 
quantity of combined sulphuric acid, and it is 
customary to stabilise it by a short boiling 
process in dilute acid. The product is then 
thoroughly washed with water to remove all 
traces of the acid. A bleaching process is 
usually included in the w-ashing. The nitro- 
cellulose so obtained retains the fibrous nature 
of the original cellulosic material. The combina- 
tion with nitric acid has, however, made it more 
resistant to water and increased its weight. 

On account of the highly inflammable nature 
of dry nitrocellulose it is usual not to dry the 
product. After removing the excess of water 
by a centrifugal process (or sometimes by simple 
draining), the product is dehydrated with ethyl 
alcohol, cither in a centrifugal machine or in a 
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special tjpe of press in nhich nlcohol can be the stroke, while the bed of the inachine to 
pumped through the wet nitrocellulose under which the block of celluloid is attached mores ta 
pressure. The product is a more or less dense and fro in relation to the knife. The thic^ess 
cake of nitrocellulose containing from 30 to ofsbeet is adjusted by the amount by whichthe 
45% of alcohol, which serves to bring the knife is lowered between each stroke. He 
camphor into solution in the gelatinbing process range of thicknesses for cut sheets of celluloii! 
which follows. The spent alcohol, containing is normally from 5 thousandths to 500 thou 
the water removed from the nitrocellulose, is sandtbs of an inch. 

redistilled and used again. Configurated patterns in celluloid are made by 

(2) PLASTincATiov OF NiTHOCEtxtri.osE — many different processes and combinations of 
The gelatinisation of nitrocellulose is almost processes. In some instances the pattern 
invanably earned out with camphor, wbirii depends entirely upon blending matenals of 
when dissolved in alcohol possesses the property two or more different colours on the rolli 
of convertmg fibrous mtrocellulose into a tough Pieces of different shapes and colours may be 
coherent transparent mass. conglomerated by beating under pressure in the 

The quantity of camphor required by the blo^ presses. Imitation grained ivory is made 
industry is enormous, as it forms from one fifth by preparing two batches, slightly different in 
to one^quarter of the weight of commercial tmt, running them out into thin sheets, making 
celluloid. Katural camphor, «e. the optically a pile of th^e sheets containing the two tints 
active product from the Formosan camphor arranged alternately, compressing the pile 
tree, is still available, but it is a Japanese into a block, and cutting it transversely. Of 
Government monopoly and owing to the growth recent years imitations of mother-of-pearl hare 
of the Japanese celluloid trade it is not so freely been popular. These are made by mixing into 
available as it used to be. Artificial camphor, the plastic dough either a very fine meUl 
usually termed in commerce synthetic camphor, powder m flakes or the so called pearl essence, 
has been on the market for mare than SOjears, a flaky ciystaUme material prepared from certain 
and 13 made now m nearly all the principal flsh scales. The dough is extruded under 
celluloid-producing countries. In spite of pre* pressure through a narrow slot and the flakes of 
judice against it among some celluloid users, it metal or pearl essence align themselves parallel 
13 weight for weight absolutely as efficient as the to the plane containing the long dimension of 
natural product. the slot and the direction of extrusion, pro 

The product obtained when nitrocellulose, during a sheet which has almost a metalLio 
camphor and alcohol are thoroughly kneaded m sheen. There are various ways of breaking up 
a warm mixer is a family yellow transparent and varying this sheen to produce the charaetet 
dough. It is seldom used without some addition istic appearance of pear). Composite materiali 
of colouring matter. If “ colourless ” trans- in which one of the ingredients m a conflgurs 
parent material u required a small addition of tion is pearly are used considerably m tbs 
violet colouring matter is added to counteract manufacture of fountain pens and propelling 
the basic yellow. Coloured transparenta are pencil^ 

made by the addition of soluble dyes or finely (3) FnJisnmo Pbocesses.— The sheets cut 
dispersed pigment colours. Opaque matenab from blocks by the planing machines stiU cos* 
require the use of various opaque pigments, such tain a certain amount of the original alcohol, 
as zinc oxide, titanium oxide, artificial lakes, and ns the removal of this causes a shrinkage in 
vermibon, pnissian blue and various earth volume it is necessary to dry it out in warm 
colours. The required standard of uniformity stoves. The time occupied by this seasoning 
in colour is very high and the utmost care must process naturally depends on the thickness of tbs 
be taken to obtain correct colour matching. sheet. Thin sheets are seasoned in a few day!. 

From the kneaders the dough goes to high- while sheets in. in thickness need 
jiressure filters where it is pressed through fine weeks. The temperature of seasoning is vanw 
calico to remove small dirt and other insoluble according to the matenal, but is usually about 
impunties. The filter consists of a cylindncal 35*’C. 

charging compartment, jacketed with hot water At the end of the seasoning stage the *1^*^^* 
and closed at the bottom by a thick perforated still bear on the surface the parallel lines left 
metal disc supporting a wire gauze and the by the knives of the planing machines. This w 
filter cloth. The hydrauLo pressure applied b usually called a knifc-line surface. For miny 
approximately 0,000 lb. per sq. in., and the purposes, for instance when the celluloid w to 
filtered material issues through the perforated bo moulded into articles at a bter stage, thu 
disc in the form of long soft rods, which are surface b quite satisfactory, but for other pur 
collected in a suitable receptacle below the poses, as for example, when making transparent 
filter. The filtered material may cither go back eheets which are to have no further polishing 
to the kneaders or may go straight to heated treatment, a polish b applied to the full nr™ 
rolb where it loses alcohol and becomes ^rder. sheet by heating it under considerable prewure 
it then passes to slower calender rolb on which in contact with a highly polbbcd metal pis'* 
it is finally sheeted out in sbhs about J-in. thick. The sheet must be warmed to a sufficient tem- 
which are cut to the size required for the final peraturc to allow it to take the surface ‘ 
block. Several slabs are consolidated in a poLahingpbte without “ flowing,” 
heated press, and on cooling a block of celliiloid out to a larger area. This process t*™*” * ' 
b obtained. tremely careful control. Slatt metal pbles 

The block b sliced into eheets on a planing used to apply a matt surface in a iimJar 
niaihine,inwhichthekniferemaina fixed during The capital cost of block presses and poUs s 
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presses is very heavy, and in Great Britain the 
manufacture has been unnecessarily compli- 
cated by the large number of sizes in which 
sheets are required. Each size needs a special 
block press and special polishing equipment. 
In the United States where there is a larger 
home market and less external competition, 
manufacturers have been able to standardise 
to a large extent on one size of sheet, namely 
.lO in. X 20 in. The size of sheet which is most 
economical to manufacture in this country is 
approximately 58 in. X 25 in. when polished 
and trimmed. 

The manufacture of celluloid tubes and rods 
diverges from that of sheets at the rolling stage. 
Two types of tube-making machines are in use, 
and the choice between them depends on a 
variety of circumstances. Both employ ex- 
trusion of the hot plastic material through a 
nozzle fitted with a centred mandrel. In one 
type of machine the pressure is appUed hydraulic- 
ally, and in the other type by a geared screw. 
The hydraulic machine has a cylindrical barrel, 
and a cylinder of plastic dough to fit this 
barrel is made by rolling up a thin sheet off the 
rolls. This cylinder is placed in the barrel of the 
hydraulic machine and is pressed out by 
hydraulic pressure. In the screw machine 
celluloid in pellets is fed through a hopper on 
to a worm screw, mechanically driven, and the 
screw carries the material through the barrel 
of the machine, compacting it and finally ex- 
truding it as in the hydraulic machine. In both 
instances the process is one of continuous 
thermoplastic moulding. 

Celluloid rods can be made in the same types 
of machine when required transparent or in 
plain colours. Configurated rods are usually 
cut from blocks by means of special attach- 
ments to the ordinary slicing machine. Many 
of the popular configurations in fountain pen 
barrels are made in this way. 

In every celluloid factory there is a special 
department for dealing with scrap or waste 
celluloid. This material varies considerably in 
quahty, ns it may come originally either from 
first or second grade material, and in some 
processes it is possible to keep the scrap much 
cleaner than it is in others. It is one of the 
economic advantages of celluloid that the scrap 
material, when soaked in alcohol in a warm 
vessel, with or without the addition of more 
camphor, absorbs the solvent and becomes once 
again plastic. If this material is kneaded it 
rapidly becomes a plastic dough resembling 
new celluloid, and it is passed through the same 
operations. 

Developments in celluloid manufacture during 
the last 10 years have mostly been in reducing 
the cost, and in improving the colour, trans- 
parency, and stability to heat and light. 

Successful efforts have been made in U.S.A. 
to produce celluloid from nitrocellulose by a 
continuous process instead of in separate 
batches. A plastic dough of nitrocellulose, 
camphor, and solvent is filtered and continuously 
extruded through an adjustable slot. Special 
measures are taken to control the rapid shrinkage 
after extrusion. The sheet is seasoned in 
continuous lengths and sold in roll^ in the 


unpolished state. This process yields a very 
clean product as the handling and exposure of 
the dough are reduced to a minimum. It needs 
a large and steady market in one type of cellu- 
loid, since changes of colour are not easy in 
plant of this type. The product is somewhat 
softer than ordinary celluloid, as a soft mixing 
is required for extrusion. The shrinkage is also 
somewhat different from that of sliced sheet 
celluloid, owing to the different incidence of the 
stresses set up in the seasoning process. 

Peopebties of Celluloid. — ^Untinted cellu- 
loid to which no colouring matter of any kind 
has been added is a faintly yellow, transparent, 
tough colloid. Improvements in the colour 
of nitrocellulose during the past few years have 
given a celluloid which is not only practically 
colourless, but resists change of eolour on 
exposure to light far better than was at one 
time the case. Hence the most delicate colours 
can be reproduced with a uniformity which is 
not possible in a material the basic colour of 
which varies. 

The specific gravity of unpigmented celluloid 
varies somewhat with the camphor content 
(camphor being the fighter ingredient). The 
lower limit is about 1-35, and a highly pig- 
mented sample may reach a density of 1-8 or 
more. 

It is permanently thermoplastic, that is to 
say, it becomes soft on heating and rigid again 
on cooling. This change may be repeated any 
number of times, and lends itself to a large 
variety of moulding processes. Celluloid begins 
to be noticeably soft at a temperature of about 
80°C., but commercial moulding processes are 
usually carried out at temperatures from 
I10‘’-125‘’C. Under these conditions, for in- 
stance, a rectangular blank of celluloid, cut from 
a celluloid sheet, may be moulded directlj’ into 
a comb. Two sheets of celluloid in a divided 
mould may be blo^vn out by compressed air 
introduced between them, produeing a hollow 
moulded article firmly joined at the seams. 
Celluloid tubes may be softened in hot water and 
drawn over metal bars or tubes, giving a cover- 
ing which shrinks firmly on to the foundation, 
forming a permanentproteotion for it. Celluloid 
may also be sarni, turned or drilled fike wood. 
It resists water and moderately strong acid 
solutions, weak alkalis in the cold and practically 
all salt solutions. It is softened by acetone, 
amyl acetate, and generally by the carboxylic 
acid esters of low molecular weight, especially 
when mixed with alcohol. These are used in 
the preparation of celluloid cements. Saturated 
and aromatic hydrocarbons have no visible 
action, but long continued contact leads to some 
extraction of camphor. 

The combination of properties just described 
e.xplains the popularity of celluloid for toilet 
articles. The material is hygienic and washable, 
and delicate colours or blended colour schemes 
can be carried out with facility. Combs, hair- 
brushes, mirrors, tooth-brushes and shaving- 
brushes are made in largo quantities. It is 
used for the manufacture of knife handles, since 
a very accurate imitation of natural ivory can 
be made, and the celluloid resists the conditions 
of ordinary domestic usage. The vogue of the 
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celluloid accumulator case depends on the 
resistance of the material to the hydrotytic 
action of sulphuric acid of accomulator 
strength. A celluloid accomulator case is 
lighter than a glass case and less liable to 
fracture. In the fountain pen trade, which is a 
comparatively new one, use is made of the 
facdity with which attractive colour coo- 
Ogurationa can be produced, coupled with the 
resistance of ceUuloid to the action of ink. It is 
used for parts of various toys and games, the 
modem table tennis ball being an excellent 
illustration of how accurately the material can 
be moulded. 

Transparent celluloid becomes doobly refrac- 
tne when strained. Use has been made of this 
property to trace and measure the strains 
in engmeenng models by constructing them in 
transparent celluloid and examining them in 
polarised hght. F.S. 

CELLULOID PLASTICS. 

PHOTOGRAPHIC FILM. 

Historical. — In the following brief survey of 
the history of photographic film, mention is 
made of those processes and malenab which 
may be regarded as having started an important 
industry. The photographic manufacturer is 
usually responsible for improvements in films 
themselves. In the case of special processes 
where the film manufacturer is not the original 
inventor, it is usually left to him to work out the 
method of making the film to suit the process. 
The first commercial introduction of flexible 
photographic films was due to Eastman who, 
in 1634, developed the roll film system of 
photography. Tne first films were of paper, 
oiled after development to render it transparent 
for printing. The paper was eoon supplanted 
by stripping film, consisting of a paper Mse. 
layer of collodion on which was coated the 
emulsion, and a layer of soluble gelatin ^tween 
the paper and the collodion. The film was 
exposeil m the camera in a special roll bolder, 
and in 18SS Eastman marketed the first Kodak, 
using the stnpping film in lengths giving one 
hundred exposures about 2} in. in diameter. 
In JSSO, Reichenbach. in Elaslm&n’s XahnrstrvT^ 
was granted a patent for a method of making a 
transparent, flexible, roUable film of nitro- 
cellulose, and in that year the first transparent 
roll film was marketed. The apparatus for 
coating the film base was patented tn 1892. 
Edison purchased some of the first costing of 
this film in 1889, and used it in the first cine 
matograph camera, made by converting a 
Kodak. Thus the foundations of the cuiemato- 
graph industry were laid. In 1887, Goodwin 
bad applied for a patent, issoed m ]898,for 
a metbM of making a cellulose nitrate support 
for photographic emulsions, but apparently 
Goodwin did not reduce it to practice. In 
1884, Caibutt began the manufacture of film 
coated on thick, small sheets of ceDuloid, to 
replace plates of glass. This was not a flexible 
rollable film. In 1891, Eastman improved his 
roll film so that it could be loaded in dayhght 
by the user. In 1892, he costed the film with 
a layer of gelatin containing conducting salts; 
BO as to eliminate the effects of the discharge of | 


static electricity which occurred when the Jin 
was handled. In 1896, Eastman introdscej 
the first positive cinematograph film. Prior to 
this, pictures had been made on negative film 
which could be obtained in 100 ft. lengths, bat 
it did not have adequate properties for pro- 
jection. At this time, Eastman sold uncoatei 
film base to certain expenmenters in Eurepr. 
notably the Lumiire brothers in France, who 
coated it with emulsion themselves. In 19oj, 
Eastman introduced a film having a gelatin 
coating on the back to counteract tnihej 
tendency. It had been patented in ISJo" 
Eastman commenced the manufacture of (be 
first commercially practical safety film of ccUn 
lose acetate in 1908. In 1909, the additive 
Kinemacolor process of Smith-Urban vu 
launched as the first commercialised process of 
cinematography m colours. The Gaumont 
additive colour process was put out m 191! 
This and Kinemacolor failed after a relative]) 
short hfe. In 1912, the Eastman KodsV 
Company put out cut sheet film and io 
1913 the same Company introduced pas 
chromatic negative cinematograph film oa 
the general market, although they had prt 
viously made it for certam colour processes, 
notably the Gaumont process. The first ing 
gestion of double-coated film for colour photo- 
graphy was made by Lewy m 1911, but it wu 
not used commercially until 1912. The btpacli 
method of obtammg two-colour separatios 
negatives appears to have been first sppLed to 
cinematography by Brewster, m patents issued 
in 1915 and 1917. The original Kodachroos 
process was worked out by Capstaff m the Eut- 
man Kodak laboratories in 1 915. and about thu 
time the first Technicolor films appeared, made 
by an aditive two-colour process. Technicolor 
used a two colour subtractive process in 1923. 
two ^ms being cemented back to back. Io 
1928, they changed to a two-colour imbibition 
process, and to the three colour process m 1933 
In 1919, the Eastman Kodak Company lutfo- 
duced the modem type of double-coated (dupli 
tised) X-ray film. In 1919, the Eastman Kodii 
Company started the practice of edge printing 
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and in 1921, they introduced films with tinted 
base. In 1923, the same company brought onl 
16 mm. reversal film and apparatus for ansslew 
cinematography, and in 1928, commerciahsM 
the first colour process using lenticular embossed 
film — the Kodacolor process — which was fol 
lowed in 1935 by Kodachrome, the first iinipis 
process of aubtractive colour cmematography 
for amateur use. Colour film using a screen 
mosaic was put out by the Lignose Compsny 
and was followed by a similar film m the form 
of roll and cut sheet by the Agfa Company an 
the Lumi^re Company. The first cinema" 
graph film in colours using a *creen_DC«« 
•was pul on the market by Dufaycolot m iy-> • 
The Gaaparcolor process of colour pbntograp j 
was first made available in 1934. In 1938, t 
Agfacolor process was put out. It is iimuar 
its general principles to the Kodachrome p 
cess. The year 1928 marked a revolution m tM 
cinematograph field with the commercial m 
ductioQ of sound films. 
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Cellulose Esters for Film. — At the present 
time photographic films are chiefly made of 
cellulose nitrate, or cellulose acetate in the case 
of the so-called safety film. In some cases the 
acetate contains a small percentage of nitrate or 
nitroacetate. Cotton is e.xclusively used as 
the source of cellulose. It is in the form of 
linters, ivhich are the short fibres irhieh remain 
on the hull of the cotton seed after the long 
fibres used in the textile industry have been 
removed. In the preparation of the cotton 
prior to esterification it is first mechanically 
cleaned to free it from dust, mineral particles, 
etc., and then degreased by heating under 
pressure with dilute alkali. It is then washed- 
and bleached by careful treatment with chloride 
of lime or sodium hypochlorite, treated with 
dilute hydrochloric or sulphuric acid to remove 
the last traces of the bleaching material and 
iron, and washed again. The water is centrifuged 
off and the cotton is then conditioned to a 
uniform low moisture content. 

In order to ensure satisfactory properties for 
coating in the form of thin film and adequate 
mechanical properties when finished, the cellu- 
lose must be nitrated with extreme care. 
The properties of the nitrocellulose obtained 
depend on the nature of the cotton, the com- 
position of the acid mixture, the relative pro- 
portions of acid to cellulose, the temperature, 
and the time of reaction. Nitration is carried 
out with a mixture of sulphuric acid, nitric 
acid, and water, and to produce the greatest 
uniformity of product it is usually done in a 
nitration centrifuge. This ensures that all the 
cellulose particles come into contact quickly 
and simultaneously with the acid mixture, 
A nitration mixture stated by Clement and 
Riviere to give a good quality nitrocellulose 
consists of : sulphuric acid, 61-9% ; nitric acid, 
22-4% ; water, 15-7%. For 280 g. of cotton, 
10 kg. of solution are used at 40‘’C., and nitration 
lasts about 15 minutes. Nitration is so con- 
trolled that a nitrocellulose with a nitrogen 
content of ll-5-12-2% results. The viscosity 
is kept medium, and the product should be as 
colourless os possible so that the final film is 
clear and transparent. After nitration is com- 
pleted, the nitrocellulose is centrifuged, very 
thoroughly washed, and bleached. Thorough 
washing is essential in order to remove all traces 
of acid, so as to ensure stability of the final film 
and freedom from action on the photographic 
emulsion which is coated on it. At the end of 
nitration the acid is run off, and the nitro- 
cellulose is drained or centrifuged and passed 
to a washing vessel in which it is broken up and 
kept in motion for a long time. It is then 
stabilised in dilute alkaline carbonate or bicar- 
bonate whicb neutralises tbe last traces of acid, 
an operation taking considerable time, then 
bleached in hypochlorite, treated with bisul- 
phite and hydrochloric acid, and then very 
thoroughly washed again. After washing, the 
material is formed into cakes and pressed. It 
is stored wet until ready for use, when it is 
broken up and dehydrated with alcohol, the 
excess of which may bo finally removed in a 
press or special centrifuge. 

In the preparation of cellulose acetate, the 
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hydrocelluloae prepared from cotton is acety- 
lated by acetic anhydride in the presence of a 
catalyst, usually sulphuric acid. In order to 
form cellulose triacetate, the theoretical pro- 
portions are 2 mols. of cellulose to 3 mols. of 
acetic anhydride. In this reaction, 3 mols. of 
water are formed and require 3 mols. more of 
acetic anhydride to combine with them. In 
practice a still higher proportion of acetic 
anhydride is necessary. In general, the propor- 
tions of the reactants are somewhat as follows : 
cellulose, 1 part ; acetic anhydride, 4 parts ; 
sulphuric acid catalyst, 0-1 part ; as diluent, 
4 parts of acetic acid are added. A large number 
of variations have been proposed to control the 
course of acetylation. Further, many catalysts 
have been proposed to replace or supplement the 
sulphuric acid. These include other mineral 
acids, acid chlorides, halogens, neutral salts 
such as zinc chloride, and organic salts such as 
hydrazine sulphate. 

Acetylation is carried out in a mixing and 
kneading machine, the proportions of the in- 
gredients being of the following order (Ulmann) ; 
cellulose, 20 kg. ; acetic anhydride, 70 kg. ; 
glacial acetic acid, 70 kg. About 2 kg. of sul- 
phuric acid (66°B4.) are added in small quantities 
at a time, the mixture being cooled to about 
room temperature. The reaction takes many 
hours, after which a product consisting mainly 
of cellulose triacetate results. When this is 
precipitated with water, it has an acetic acid 
content of slightly under the theoretical value 
of 62-5%. If it is desired to isolate the triace- 
tate, the reaction mixture is poured into water, 
and a white fibrous mass separates, which can 
be washed free of acid and dried at about 40°C. 
In practice it is very rare that the triacetate 
is separated, since it is soluble in chloroform 
j hut not in acetone or methyl acetate. In order 
[ to produce the acetone-soluble variety it is 
necessary to reduce the acetic acid content to 
52-6% or somewhat less by hydrolysis. To 
effect this, water, dilute sulphuric acid, or other 
reagents are added to the mixture in the acetyla- 
tion vessel, the temperature and time of action 
being carefully controlled. The hydrolysed 
cellulose acetate is then precipitated from the 
acetic acid solution by pouring into water, 
centrifuged to remove the bulk of the dilute acid, 
washed thoroughly, dried, and ground up. In 
I order to render the manufacture of cellulose 
acetate as economical as possible, the industry 
pays particular attention to the recovery and 
concentration of the acetic acid. 

Another method for the production of cellulose 
acetate which is not used to much extent in the 
photographic industry gives the so-called 
fibrous acetate, in the preparation of which the 
cellulose fibres themselves are acctylated with- 
out going into solution. The reaction takes 
place in the presence of a liquid, such as benzene, 
in which cellulose acetate is insoluble. An 
objection to the product obtained in this way 
lies in the difficulty of carrj'ing out the partial 
deacetylation uniformli’ through the mixture, 
the resulting acetate generally being only poorly 
soluble in acetone or methjd acetate. 

Nitroacetate is used to some extent in the 
manufacture of film, and is prepared by tbe 
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acetylation of cellulose nitrate. Esters of higher 
organic aciJs than acetic acid, and mixed esters 
of organic acids, such as cellulose acetate-! 
propionate, acetate-butyrate, acetate-stearat^ 
etc., have been closely studied for use in film 
manufacture. The simplest general methods for 
the preparation of the mixed esters depend on 
the use of two acid anhydrides in the presence 
of a condensation matenaL Cellulose ethers and 
sjTithetic resms hare been the subiect of inocb 
investigation for use m maUng film, but they 
have not been u«edm practice up to the present 
time. Gelatin has been proposed, but has the 
disadvantage of swclhng in water. Although 
this can be reduced by hardening, gelatin sup- 
ports haie not found favour. Casern has been 
proposed but never used, and much study has 
been de% oted to cellulose regenerated from cellu- 
lose xanthogenate. Although it has good 
mechanical properties, it swells readily and 
undergoes deformation m aqueous photographic 
solutions, and often contains traces of residual 
sulphur, and is, therefore, not suitable for use 
in practice. 

i'lLil Base Cosiposmoys. — ^In the manu- 
facture of film base m sheet form, the cellolose 
eater in solution is coated on a smooth surface 
in the form of a thin layer, and sets to a skm 
or film as the solvents evaporate. Tlie shin is 
peeled from the surface, dn«l, and cured. The 
preparation of the solution involves : (1) selec- 
tion of the solvent, which usually consuls of a 
mixture of components of different volatihty. 
including sometimeaaoon solvent ; (3) addition 
of plasticuers of low volatility to ensure that the 
finished filf" shall have flexibility and elasticity ; 
(3) filtration. An enormous number of patents 
have been issued for compositions and solvents 
for film coating solutions, or “ dope ” as they 
are called m the industry. The num^r of 
manufacturen of film base u veiy small— 
probably not more than ten — and the composi- 
tion of the dopes actually used is in the domain 
of manufacturing secrets. They ace, however, 
probably vanants of certain general types. A 
tj-pical solvent for nitrate is a mixture of methyl ; 
or ethyl alcohol with ether, or methyl alcohol > 
atvl e.cetov,e, together with a thud raatecial,' 
such as amyl alcohol, amyl acetate, or butyl 
alcohol to reduce the rate of removal of solvent 
on drying. In the absence of these high-boilers 
condensation ofatmospheno water may produce 
so-called blushing. Other solvent mixtures con- 
tain a nilin e, methyl acetate, other esters, higher 
alcohob, various ethers, hydrocarbons, and oils. 
The plasticiser used practically exclusively with 
nitrate is camphor, in quantity depending on the 
desired characteristics of the finished product, 
but usually of the order of 10-20% of the weight 
of the mtrocellulosc. Slany other plasticisers 
have been proposed, including tnphenyl and 
tncresyl phosphate (which also reduce in- 
fiammabihty), and castor oil is sometimes 
added. Clement and Riviere give the following 
formulas : For coatmg on glass tables : nitro- 
cellulose, 8 8% ; camphor, 3 02% ; methyl 
alcohol, ■11-1% ; ether, 3S-0^o ; amyl alcohol 
9 0^0. For coating on a rotating wheel: 
nitrocellulose, 17-75% ; acetone, 83% ; amyl 
nlcohol, 1 0®o ; camphor, 3 25%. In the latter 


case, castor oil is sometimes added in imojti 
not exceeding 5% of the weight of the tjtsj. 
cdlulose. 

The properties of cellulose acetate viiy h 
much accon^ig to the method of prepantiaa 
that the choice of solvent and plasticiser ansol 
be given except in very general terms. Tie 
sobent most used is acetone, but among 
many others which have been proposed and rati 
in practice are methyl acetate, methyl fotmtu. 
methyl ethyl ketone, chlorohydrocarbons, amjl 
acetate, diacetone alcohol, and ethyl acetite. 
The choice depends on the acetate and tie 
method of coatmg the film base. It is comacrB 
practice to add to the solvent a non solvent for 
cellulose acetate, such as alcohol and viler, 
to contiol the rate of evaporation of the solrmt 
when the base is coated. The most imporUnt 
plasticisers for cellulose acetate are the eittn 
of orthophosphorio acid, particularly triphenjl 
and tncresyl phosphate. Others include estm 
of phthahe acid, monoacetm, diacetui, ssi 
trfacetm, sulphones end sulphomc esters. Ihi 
tares are generally employed. Jlany other sddi 
tions have been proposed, such as dyes to control 
the colour of the film, nitrocellulose, fillers, tsd 
ultra-violet absorbing materials. Although m 
many ways the preparation of cellulose acetstr 
film base resembles that of cellulose aceUU 
sheetmg for other purposes, the choice of 
' matenals used in tbs manufacture is restricted 
by the fact that the material is ultimately to be 
coated with photographic emulsion, which u 
extremely susceptible to the action of traces of 
many clfienucab. For coating, the solution 
contains 12-18% of acetate, and the plasticiser 
is present in amounts up to about 40^o 
dry cellulose acetate, the actual amount depend 
log on circumstances. 

After the solutions of cellulose nitrate or 
acetate are prepared in proportions suitable for 
coating, they are carefully filtered under pressuie 
in order to ensure complete transparency and 
vmiformily of the finished film base. Bubbles 
of air are removed and the filtered dope u stored 
in containera from which it can be piped to the 
coating machines. 

Coixiio Fiut Rose. — O f th* twvi UMthods for 
prepanng a film from the solution of cellulose 
esters, evaporation of the solvent or precipiU- 
lion, only the former is used to any 
practice. The solution is coated on a pohshed 
eurface, uniform so as to avoid irregularities w 
thickness of the film, and is stripped 
surface when it is strong enough to be hwdW 
The earhest films w ere coated on horizontal plate 
glass tables, up to 200 ft. long, about 3 ft. S '" 
wide, and made of separate sheets of P“t* 
glass cemented together end to end. The dope 
was applied from a trough with a spreader, 
which was slowly moved along the glass table 
from one end to the other. After coating, tbe 
table was covered in such a way that it * 
channel through which air was passed to d™ 
off the solvents. Nitrocellulose film from 
alcohol required about 6 hours for drying. 
cellulose acetate from acetone require 
longer. The photographic emulsion was v 
related on the film base before it was itnpp™ 
from the glass. Coating film base on g 
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tables had a number of drawbacks, chief oi 
which were the difficulty of obtaining material 
of uniform thickness and the limit to the length 
of base which could bo coated. Although this 
was satisfactory for small films such as cut film 
and roll film, it was unsatisfactory for cinemato- 
graph film because several splices would be 
required to make up the lengths of 1,000 ft. 
or more used in cinematograph practice. Glass 
tables are no longer used for film base manu- 
facture. 

Film base coating machines used at the present 
time have a rotating endless polished surface on 
which the base is coated, and from which it can 
be stripped continuously so as to provide single 
lengths up to 2,000 ft. in length. Two types of 
rotating machine are employed. One of these 
(Fig. I) uses an endless metal band of polished 
copper, nickel, or silver some 20 in. ndde and 
40 ft. or more long, supported in a horizontal loop 
between two drums one of which is driven. The 
other type (Fig. 2) consists of a metal drum, wheel 
or ring with a wide, flat, polished rim, driven 
about an axle, or by wheels or rollers whieh 
support it internallj', or from below externally. 
The drums arc made up to about 20 ft. in dia- 
meter, and the surface is of iron or copper on 
which is plated silver, nickel or chromium, 
polished so as to give a surface of a high degree 
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of regularil}'. Sometimes a polished surface is 
supplied by coating the metal with a layer of 
gelatin containing some glycerin and methyl 
alcohol. This is usually done with the band 
machines. The coating band or drum is en- 
closed in a housing through which air is cilcu- 
lated to permit the solvents to evaporate. They 
arc drawn off and carried to a recovery plant. 
The dope is applied to the b.and or drum from a 
stationary trough provided with a spreader, 
the dope being fed to the coating trough by 
pipe lino from the storage tanks. The band or 
drum, which may be heated internally, is 
rotated very slowly so that after it has made 
practically a complete revolution, the film can 
be stripped off and then pns.'cd over a number 
of small heated drums, to be finallj' wound up 
on a shaft at the end of the machine. The 
rotational speed of the drum depends on its 
size, the amount of dope coated, the rate of 
circulation of the air and its tcrapcraturc. 
Drum machines used in practice give film base 
up to nearly CO in. wide and 2,000 ft. long. 
The bulk of the film base manufactured in the 
world at the pre.^ent time is made on drum 
machines. The same types of machine arc 
used for coating both nitrate and acetate base, 
nlthoiigh the rate of rotation of the machines 
and the temperature of the drums arc determined 
by the nature of tlie material coated. E.xtreme 
Vor.. II.— 29 


care is taken to ensure freedom from dust and 
other impurities, and the surface of the drum 
is so prepared and the machine operated with 
such rcgularitj' as to ensure the utmost uni- 
formity of thickness of the coated base. The 
thickness of the film is determined by the vis- 
cosity of the dope, the type and adjustment 
of the spreader, and the rate at which the drum 
is rotated. Film base used in practice varies 
in thickness according to the purpose for which 
the film is to be used, ranging from about 
3/1,000 in. in the case of roll film to about 8/1,000 
in. for cut sheet film. Special precautions are 
usually taken to prevent the building up of 
charges of static electricity in the machine, and 
the concentration of solvent vapours is kept 
below the explosive limit so that there will be 
no danger of explosion if a static discharge 
occurs. Before it is stripped from the drum the 
film ma 3 ' be subjected to treating solutions to 
modify its curling tendenc 5 % or change its colour, 
resistance to moisture, electrical properties, etc. 
While it is passing through the curing chambers, 
it may be treated with baths, such as water, to 
remove a small percentage of residual solvent 


WIND UP AIR OUTLET 



ITo. 2. — Diagram of Wheel Coatihg 
Machine for JIakino Fil.m Base. 


or other constituent of the dope, or tlivough 
solutions or liquids which modify its molecular 
structure. 

When the band or drum is coated with a gelatin 
Inj’er to provide the smooth surface on which 
the dope is coated, the surface can readily be 
renewed at intervals bj’ recoating with gelatin. 
In the case of those machines in which the cellu- 
lose ester solution is coated dircctfy on polished 
metal, the metal surface itself must be renewed 
periodicall.v electroplating and polishing. 
The handling of the verj- heavy drum for 
rcplating and polishing is 'a difficult task re- 
quiring exfyemo care, and usually there is an 
electroplating department directly associated 
with the lilm-basc-making department for 
carrying out this work. Another auxiliary 
plant which operates directfy in conjunction 
with the base-making plant is that for solvent 
recovery. Man^v processes for solvent rceoverj' 
are used in practice, including adsorption by 
sulphuric acid, active charocal, silica gel, and 
the Bregcat crcsol method. 

Prep-ieatiok of Base for Esiclsion Coat- 
Tso. — In the processing of photographic film. 
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It ij jinsspd tliruiigh ft number nf a«tiieous ■<olu 
twins nhlcli fftu--e the gi-Iitin of the sen^itixe 
emulsion lu -wtll niul find to ^t^p from the 
eup]Nirt. If It IS (Uftteil ihreitly on <(llulti*>e 
nitrate or .u-itate, it will strip \ery rcadih. 
even before it lias been treatid in aqueona 
Fobituins. It I', therefore, neccanry to prepare 
the support m order to ensure adhesion of the 
eiinilsion. Huh is dutu in a number of 
iitlier b\ wniie treatmint of the surfiee of the 
film b.iHc Itself or b\ coating it u ith n thin ia)cr 
of mate rial kiioii n ns a substratum, or sub ” 
Hie treatment vanes according to the ihamrter 
of the nitrate or acetate cmployeil. It has l»et-n 
projiosed to h\ilrol>«o the surface of the film 
b} ineatis of dilute acid nr alkali, and to roat it 
«ith a h\er of weak colinchon, silicate, gelatin, 
pi tin or biehronifttcd, or invert albumen in 
fticohol The usual praitico, however, i< to 
CO It the base vv ith a solution eontaming gehtm 
vrhieh is made to adhere to the support b> sol- 
vents for the support. \\ Inn a gelatin la^crof 
salisfjctur^ Adhesion is npjilicsl, the emulsion 
Itself will stick to the gelatin, vvhirh thus acts 
ns nil adhesive hiniling emulsion lajer and sup 
jifirt togethir. A tjpical sub will contniii the 
following ingrcdionts (I) an adhesive, usually 
gelitin . (J) II solvent lor the adhesive, generally 
water, niid st.ibih'Crs, such as organic acids , 
(3) solvents for thi support tending to dissolve 
it or (ftUM! It to swell, sudv ns methyl and ethyl 
alcuhul, acetic usteis, aeitone, acids, etc. In 
tffltiio rases, partic ul irly that of cellulose acetate. 

It IS necessary to use multiple sub coalings, the 
first one being, for instance, of cellulose nitrate, 
in u very thm layer bmcc the sub contains 
bolviiits and non solvents for both the cellulose 
ester and gelatin, U is necessary to select the 
relative proportions of the constituents with 
evtreiue care Moteover, they must beofeucha 
nature and digreu of jmrity that they do not 
adviT'Clv .'itfeit tlic eniuNion to be coated on 
tliim 'I he sub IS usually applied on the film as 
it eomes from the base making maebinc. It is 
.ipplicd in nn c'ctrcuiely tliin layer by immersing 
ilie- film m It, or by an application roller, and is 
dried by cohl or warm air 

CVrtain fdins, used mainly in the photo- 
eiigr.iviiig industry, and known as stripping 
films, nrv dcbhi r.itcly ni.idc so that the emulsion 
liycr e.in be stnpjied from the baM?, usually' of 
paper, and tr.insferrcd to another support, 
mull us gll^s. Tlici'e arc of two kinds, dry 
stripping and wet stripping films. Tlie emulsion 
layer in the case of the lornier cun be readily 
jict hd fiom the !n»c after pruicssing and elrymg. 
in the wit 'tripping film*, the cmiiWtm layer 
lonii s awtiv fniiii the supjiort in the hung Iwth 
or vinsli water The imulsion is generally 
loatcil cm a thin “ skm " of hirdenoil grlatm, 
ciHiilosc nitrate or acct.ite, to givcil sufficunt 
rigidity for Imiidhng after stripping. Ibw skin 
must be jicrmcaMe to wutir in the lasc of wet 
stripping him. It is umented to the support 
by an adhesive which holds it in place until 
stripping H desired. &uch a cement may con- 
tain resins in the rase of dry stripping /dm, or 
Bulubk geUtm in the c ase of w ct stripping film. 

Evti-i>uis (•(ivTiMi. — Hie pbotogrophic ecnsi- 
tive liver, known ns the emulsion, which is ■ 


coated on the prepared film b.i«e, consists of a 
suspension of silver halide m gelatin. In the 
case of nog.itivc films the halide silver bromide 
containing a few per cent of silver iodide. 
I'llms usctl for preparing positiv e transparencies 
usually hav e silver bromide as the light sensitive 
medium, and in some c.a'cs tins has a v erv sniaJ] 
content of silver iodide. Some special films 
uscif in the photoengraving industry consist 
mainly of silver chloride in gihtin. t'hc silver 
Inhihsare present in the form of iiiinuto crystals, 
the bize distribution of which varies according to 
the nature, of the emulsion. The largest are m 
negative emulsions, and may range up to 3-d/t 
in diameter. The silver salts arc preiipitateJ 
in a warm liquid gelatin solution, and undergo 
a series of ebgestion and ripening processes ns a 
result of which the emulsion gams the desired 
sensitivity to light, and the ability to reproduce 
tone values m the required way. Special addi- 
tions arc made to the emulsion to cause it to 
hardin after it is dried, to give it the correct 
surface tension to enable it to be roated uiii 
formly on the film base, and to ensure suitable 
keeping quality If it is desired to make the 
emulsion respond to light of vrave lengths other 
than the ultra violet, violet, and bluo to which 
the silver bromide is it'clf sensitive, dyes of 
the lyanine class arc added. The concentration 
of the gchtin in on emulsion ready for coating 
on film varies according to the purpose for which 
the film u to be used, but a figure of 0% may be 
taken as typical Similarly, the ratio of silver 
salts to gelatin vanes, but 3 paits of gelatin to 
I of silver halide is a common ratio. 

The steps involved in preparing emulsion 
eoated film are . (1) coating tho emulsion , 

(2) chilling to cause the gelatin to set as soon as 
|)OS8iblc after the emulsion is applied to the film, 

(3) drying. In an emulsion coating nineliine 
(Fig. 3), the toll of film base is arranged at one 
end and tho film passes contmiiously round a 
roller which dips into a trough of warm, melted 
emulsion, or which is in contact with nn npplica 
tion roller which itself dips into the emulsion 
The emulsion, previously molted, m fed cim 
tinuously to the trough, at a suitable tempera- 
ture After the emulsion is applied, the film is 
passed round a chilled cylinder of large diameter 
or through a chill box in w hich cold air cools (bo 
gelatin so that it sets rapidly and has no tendency 
to flow during subsequent operations. W hen 
Die setting is complete, the film is looped by a 
mechamcal device on to long rods or sticks whiih 
travel slowly and horizontally down u long 
drying alley supplied with conditioned air. 
The festoons of film, some 8 or 9 ft. deep, travel 
bodily along the alley, and as drying proceeds, 
the temperature of the air is slowly and progns- 
sively raised until the emulsion coating is dry. 
Then the temperature further along the alley is 
allowed to fall gridualiy, until the coated him 
w finallv reeled into large rolls, and then put 
into light tight boxes where it is stored prior 
to cutting into sheets or slitting into rolls. 
Great care is taken m coating the emulsion on 
the fl/fn base to ensure perfect uniformity of 
thickness of the coating. The thickness itself 
is regulatisi ns desired by varying the viscosity 
of the emulsion by controlling its temperature. 
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nnd by appropriately selecting the speed of 
coating. The rate and uniformity of drying of 
the film play an important part in determining 
its properties, so that the air in the drying alley 
is carefully conditioned as to humidity and 
temperature, a recirculating system being 
generally cmplo 3 'cd. The air is kept scrupulously 
clean by scrubbers, washers, and filters, since the 
photographic emulsion is very^ sensitive to dust, 
particles of metal such ns iron nnd copper, sul- 
phur, and gaseous impurities such as hydrogen 
sulphide, nitrous oxide, etc. ; further, abrasion 
of the film surface and static electric discharges 
must be avoided, since these produce markings 
on the film when it is developed. 

Another type of emulsion coating-machine 
has been used in which the film is not dried in 
loops, but is gripped at the edges and carried 
horizontally through the drying tunnel. In a 
machine of this type, the film can be coated on 
both sides, which are dried simultaneously. In 
the normal type it is usually necessary to coat 
nnd dry one side first and then follow with the 
other. In present-day film manufacture, many 
films carry more than one coating, either on one 
or both sides of the base. Some double-eoated 



Fio. 3 . — Diaoeam of Film Emulsion 
Coating Plant. 


films carry two superimposed emulsion coatings 
on one side, the lower being an emulsion 
capable of giving high contrast, while the upper 
is a fast emulsion of lower contrast. The 
double coating extends the exposure latitude 
of the film. The most complex multiple-coated 
film i.s of the type used in the Kodachrotne pro- 
cess of colour photography. Three emulsions 
are coated on one side of the base and are 
separated by gelatin intcrcoatings, making five 
layers in all. The total overall thickness is 
about equal to the thickness of a .single normal 
coating, i.c., about 8/10,000 in. It is possible 
to coat emiiLsion on film in a layer less than 
2/10,000 in. thick, and of such a high degree 
of uniformity that no effects due to thickness 
variation can be j)icked up photographically. 

Srr.ciAL Co.ATiNos. — ^Many films have the 
emulsion layer ovcrcoatcd with a thin layer of 
gelatin to protect them against the effects of 
abrasion. Some films, such as those employed 
in certain processes of colour photography, and 
in X-ray photographj', have emulsion coated 
on both sides of the base, and ma.v, in addition, 
bo ovcrcoatcd with gelatin. In addition to the 
emulsion and its overcoating layer, other coat- 
ings arc applied to film for special purposes. 
The so-called X.C. or non-c\irIing coating is a 
layer of gelatin applied to the side of the base 
opposite to tliat carrj'ing the emulsion, to offset 
tlie tendenej’ of the film to curl when the emul- 
sion is dried after development. Coatings are 
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also applied to counteract halation, or spreading 
of the image duo to multiple reflections inside 
the support. These layers are intended to 
reduce the intensity of the photographicall}’ 
effective light reflected back into the emulsion 
from the back side of the base. They are very 
often of gelatin containing dyes which absorb 
much of the light to which the emulsion is sensi- 
tive. For example, in the case of the so-called 
orthochromatic films, which are sensitive to 
blue and green, the antihalation dj’e is red in 
colour. A black dye would be best suited for 
panchromatic films, which respond to all visible 
colours. No black dj'es are known, however, 
which are suitable from all points of view, and 
it is customary to employ a high density of green 
dye. Mixtures of dyes have also been proposed, 
the absorption maximum of one corresponding 
to the absorption minimum of the other. The 
dj'es must have the property of bleaching in one 
of the solutions used in processing the film after 
exposure, and they must not affect the properties 
of the developer, nor the emulsion with which 
they arc in contact when the film is rolled. 
Antihalation layers of gelatin containing dyes 
also servo the purpose of non-curling coatings. 
In some cases, particularly that of negative cine- 
matograph film, a black antihalation laj’er is 
applied integrally with the back side of the 
base. Tin's dye is not bleached in processing, 
but since it is used only on negative materials, 
its presence in the finished film merely serves 
to increase somewhat the exposure required in 
printing. In addition to dyes, other materials 
have been used as antihalation layers, notably 
manganese dioxide, which has been used between 
the emulsion and the base, but is usually em- 
ploj'ed coated in gelatin on the back side of the 
film. Dyes have been applied to the back of the 
base without the use of any colloid medium like 
gelatin, being coated from a solvent and buffed 
after drj'ing. D^^es in gelatin are sometimes 
ovcrcoatcd on the emulsion or on the back of 
the base to act as light filters in film for colour 
photography. Other coatings which have been 
applied to the back of the film are gelatin laj’crs’ 
containing inert salts to render them elcctricnllj' 
conducting in order to prevent the accumulation 
of charges of static electricitj' wlicn the film is 
handled, and gelatin layers containing some 
diffusing material to permit retouching. 

Special Film.s. — Various tj’pcs of film sup- 
port arc available for special purposes. During 
the first 30 j'cnrs of film manufacture, cellulose 
nitrate film was used practically exclusively. 
Since the IVar, however, the use of acetate film 
has been steadilj’ increasing, although nitrate is 
still used almost entirely in the professional 
cinematography industrv. Cellulose acetate 
film has the great advantage of low inflamma- 
bility, presenting a hazard which is no greater 
than that of newspaper or the textile materials 
whieh are in common use. However, in the 
past, it was considered to be unsuited for many 
purposes since its plu’.sical and mechanical 
properties were not equal to those of nitrate 
film. In recent years much improvement in its 
properties has been attained, and it is finding 
increased use, particidarlj’ where the fire hazard 
offered bj’ nitrate film is a serious drawback. 
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For instance, acetate film is used exclusively for 
substandard cinematograph film -nhich is used 
by amateurs in the home, and in schools, and 
al«o for cinematograph Elms of standard 35 mm 
width cmplojecl for teachmg purposes. The 
hulk of X ray film is on acetate base, and there 
is a rapidly grou mg use of acetate for film used 
for professional photography, particularly in the 
United States 

Film n«ed for topographic survey and mapping 
purposes should have the minimum of shrinkage, 
which should be equal in both directions. The 
base u«ed for such film, for example for aerial 
cameras, is largely of the low shrinkage 
variety, the characteristics being produced by 
special treatment during manufacture Paper 
13 notoriously a anable in its dimensional char- 
acteristics, and for mapping and other purposes 
avhere dimenional aanations must be kept to a 
minimum, rubstitutes for paper base been made 
consisting of low shrinkage film base tn which 
0. white pigment is lueorporateds Another 
material for the same purpose consists of paper 
with a thin sheet of aluintnmm laminated in it. 
In the cinematograph industry it has been 
common practice to use film on tinted base 
so as to give the projected picture a colour *up 
posed to bo in harmony with the feehng of the 
picture For this purpose, djes are incorporated 
in tho support With the introduelioo of sound 
films, care had to be taken to ensure that the 
dyes used for tmtmg the base did not absorb the 
radiations nhich it was necessary for the film 
to transmit to tho photo electric cell used in the 
sound reproducing equipment With the pre- 
sent practice of using cells having their response 
mainly in the infra red this problem is easier of 
solution, eineo thcro arc relatively few dyea 
which has e strong infra-rcd absorption. Films 
which are to be used for display purposes m 
illuminators arc sometimes made translucent 
by the incorporation of white pigment. Base 
for X-ray film has been dyed blue to enhance | 
s isual contrast when the film is viewed. Special 
films have been made for mechanical methods of 
sound recording in which the film base la I 
coated with an opaque layer which is readily 
scratched by a stylus For cmcmatography 
It has often been proposed to reinforce the edges 
of tho film in sarioiia ways in the attempt to 
increase its projection life, but this is not done 
to any extent in practice Films Lave also 
been made in winch a bright metalhc reflecting 
layer is coated between the base and the 
emulsion to enable projection to bo carried out 
by reflected instead of transmitted bgbt. One 
of the earliest attempts to make a “ safety " 
film was done in this way, the support being of 
paper. Projection by reflection is not carried 
out m cinematograph practice. So calledwater- 
proof paper, made by impregnating paper with 
a solution of cellulose nitrate, is u«ed inapparatus 
from which it is dc«ircd to deliver developed 
and dried prints in the shortest possible time, 
such ns automatic cameras used for portraiture, 
and aho w here it is desired to reduce the shnnk- 
age of tho paper itself. For the purpose of; 
increasing tho mechanical strength of film it has 
been proposed to laminate several layers of thin 
base. This has been done, for lastance, in the i 
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I case of films of regenerated cellulose, and a] 

I though it results m a product of exceptional 
mecham'cal strength, the dimensional vanaliotij 
I which such a material undergoes when it a 
I handled in photographic processing aolutioni 
prevent its use in practice. Films haie hem 
I made in which the support itself is sensitised 
I instead of being coated with a gelatin emulsioa 
I For instance, silver bromide has been precipi 
j tatedinafilm of regenerated cellulose by balling 
I it successively in silver nitrate and potassiwn 
' bromide. Such a preparation has such a lov 
^ sensitivity that it can but rarely bo used in 
I practice. Regenerated cellulose films have been 
' sensitised in the mass by light sensitive diaio 
compounds in the presence of couplm" com 
j ponents. The diazo compound is destroyed by 
' hght, and when the film is made alkaline, as in 

anatmosphereofaminonia vapour, the unchanged 

I diazo material links up with the couplet and 
' gives a direct positive dye image. FiJra of tti)s 
kind 13 used to some extent m practice. U 
usually has such a thin support that a special 
type of projector is requir^ to project it It 
has also been proposed many times to sensitive 
film with bichromated gelatin instead of a 
gelatin silver hahde emulsion, but such films di 
not find favour, on account of their low Ecnii 
tivity. For colour photography, it has been 
proposed to hydrolyse the suffice of a celalteu 
acetate film and sensitise it with bichromate 
Such a film, exposed to short wav e length light, 
ahows differential absorption for dyes so thsti 
coloured image can be obtained. Thin collodion 
films carrying a layer of gelatin incorporating 
a pigment hare been used for colour photo 
graphy, the gelatin being sensitised befon nia 
by bathing in bichromate solution. 

CotOPs PsOTOOnaPHY — A number of diffemt 
types of film are used, according to the proctu 
It 13 only in the ease of films which serve as tie 
final or intermedwte support for the coloured 
image or one of the partial colour images-thal 
special properties are required. The film! used 
for preparing tho negatives or positive! cm 
ployed for making a colour pnnt on some other 
material, and not required to carry any of the 
colours themselves, are of the same type S! u'Cd 
in normal photography, although the emulsion 
or support may carry filter dyes and antihakhou 
layers, and may be sensitised to colour by means 
of sensitising dyes. In the case of films on 
which gelatin relief images are nrepared fo® 
the separation negatives, and stained with djH 
to give a colour transparency by mountings 
Buperposition, or a colour print on paper M 
film by transferring the dyes from the reheb 
by imbibition, it is necessary' so to prepare tw 
Bupport or substratum that it is not stained bj 
the dyes. If it is stained, the high hght» and 
whites of the colour print wrill also be stamw 
In the BO called screen unit processes of cok®! 
photography, the film carries a mosaic o 
tmnute dyed elements between the cmufcw® 
and the support. These are placed on the inp 
port cither by eprinkling on coloured particles 
or by ruling, or photographically 
through fine line screens. In the first ^ 
film 13 coated with an adhesive layer, and on tn 
are sprinkled minute particles dyed blue, gre 
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and red. Tlie Filmcolor process of Lnmiere 
employs dyed starch grains, which are rolled 
flat and the interstices betw een them filled with 
a black pigment. The Agfa Ultra Colour film 
is prepared by using small dyed resin particles 
which are rolled so that they come into contact 
at the edges, and no black filling is required. 
The Dufaycolor film employs a screen made of 
dyes, the proper balance of the three colours 
being obtained by dj-eing uniforml 3 ' in one 
colour, ruling a fine line resist, bleaching the 
dj-e between the resist, applj’ing a second dye 
followed by another resist, and so on. After 
the screen has been applied to the support, it is 
varnished to isolate it from the emulsion 
which is coated on it. In the so-called lenticular 
film processes of colour cinematographj’, 
first made available commercially in 1928 in 
the Kodacolor process, the hack of the film 
base is embossed with minute lenses. In 
the first films these were 22 to the mm., but later 
the number was increased. The lenses are 
ej'lindrical, running lengthwise along the film, 
and are embossed in the film base, warmed to 
soften it, bj' suitablj' shaped embossing cjdinders. 
The lenses arc made with a high degree of pre- 
cision and have their focus in the opposite side 
of the base. Although this method of cinemato- 
graphy in colours enjoj’cd considerable success 
in the substandard, amateur field, it has not 
been adopted in the professional field. 

FiKisniKO, CuTTtKO, Packiko Film. — Film 
is used in the form of flat sheets or rolls. The 
material from the emulsion coating machines 
may be in any size up to the width of the base 
as made and some 2,000 ft. long. It is trans- 
ferred to a slitting machine where it is slit 
accurately' to the desired width by rotary knife 
blades. As it passes from the roll to the slitting 
knives it is inspected and all visual defects are 
marked by' sticking a patch on them so that the 
defective part can be detected later and re- 
moved. If sheet film is being prepared the slit 
rolls arc cut across at intervals to give the 
desired size of sheet. They' are then assembled 
with interleaving .sheets of black paper, and the 
desired number of sheets is wrapped in tinfoil 
and black, red, or green paper, and packed in 
boxes. In the case of film packs, the inter- 
leaving paper is struck to one end of the sheet 
of film, and carries a long projecting portion 
which serves to pull the film round in the pack 
after it has been exposed. Twelve sheets arc 
assembled with pressure plate and light trap, 
and inserted in a metal or card container which 
is wrapped and put in a box. Humidity is 
carefully controlled in all finishing rooms — 
usually to 70% relative humidity'. Cut film 
is usually obtainable in any desired length, and 
widths up to about 40 inches. 

The two chief kinds of film used in the form of 
rolls arc roll-film and motion picture film. Eoli- 
film is used in the great majority' of amateur 
cameras and is made so that it can be loaded in 
the camera in dayh'ght. 

Cinematograph film is 35 mm. wide and is 
provided with perforation holes along the edges 
so that it can be driven through the camera and 
projector by toothed sprocket wheels and claws. 
In projection the film imago may be magnified 
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over 300 times linearly on the theatre screen. 
Since the picture must appear perfectly steady' 
to the audience, great precision is necessary' in 
the dimensions and spacing of the perforations. 
The slitting of the film is done with revolving 
knive.s, equally' spaced above and below the 
film to get a shearing action, the upper knife 
having a keen razor edge and the lower knife a 
square edge. The perforation is carried out by 
punches and dies ground with such precision 
that the punches cannot be inserted in the dies 
by hand without injury'. Each punch consists 
of eight punching members, and eight position- 
ing members which have tapered ends and fit 
the holes previously' punched so as to position 
the film exactly for the next set of holes to be 
made. The slit and perforated film is wound on 
wooden or metal cores in lengths up to 2,000 ft., 
wrapped in black paper, and packed in thi 
boxes which are sealed with tape. In addition 
to the 35 mm. film used for standard cine- 
matograph practice, there are in common use 
three substandard widths of film, 16 mm., 
9-5 mm., .and 8 mm., usually' wound on metal 
reels and packed in tin boxes. Films are dis- 
tributed all over the world, and international 
standardisation of dimensions of film and 
apparatus is therefore necessary'. This has been 
carried out in the case of 35 mm. and 16 mm. 
film. The earliest work was done by the Society 
of Motion Picture Engineers in the United 
States, and the International Congress of Photo- 
graphy, and later in co-operation with the Inter- 
national Standards Association, and national 
standardising bodies. The internationally' 
adopted slitting and perforating dimensions of 
negative and positive raw film of 35 mm.- and 
16 mm. width are shown in the illustrations 
(Figs. 4 and 5). The dimensions apply to the 
fresh material immediately after slitting and 
perforating. Standards have also been adopted 
for film splices. In addition, there are standards 
for sprockets, camera, and projector apertures, 
sound scanning beam and sound track, frame 
lines, sound film speed, position of the sound 
record relative to the picture aperture, pro- 
jection lenses, and lantern slide mat openings. 

AVhen film is being slit for cinematograph 
purposes, it is customary' to expose it on the 
edge to a stencil which prints some identification 
markings and numbers indicating the footage. 
These marks appear as black when the film is 
developed. Sometimes edge markings arc 
printed in such a way that they arc visible 
before development. The footage numbers are 
used ns a guide in assembling and editing the 
films, particularly sound films, where the sound 
record is made on one film and the picture 
negative on another, the tu'o being printed in 
combination on a single positive film. 

Certain typos of film prepared in rolls are pro- 
vided with leaders and trailers, of jiapcr, film, 
or film base. Thc.se permit threading of the 
film in cameras and projectors, and may' serve 
as a protection against light. 

Cinematograph films for projection in theatres 
are usually lubricated before use by' the appli- 
ciition of a solution of wax in carbon tetra- 
chloride. To remove the dirt and grea.»e uhich 
accumulate on the films in use, they are cleaned 


CEhLVLOm PLASTICS. 




vith carbon tetrachloride, buSed, and poiiabed. 
ilany %ainiahe3 and proceascs hare b^n pro- 
posed for removing or obliterating scratches on 
cinematograph film, anda large number of patents 
bale been taken out for larnislies and pro- 
cesses for treating film so as to prolong its useful 
projection life. 

In the editing and repair of cinematograph 
films It IS necesssry to join films together end to 
end. This u done m a splicer made viilh such 
nrecision as to ensure correct relationship 
between the perforations each aide of the 



Flo. 4 .— Stavdabd 33 mm. Film. Clttino 
ai.O PfiBFORATIhQ DIME^SIO}'S OP NeOA- 
TivB AND Positive Ram Stock, appl\ino 

TO JlATEBtAI. ISIMEOIATCI Y AFTER COTTINO 
AND PeRFORATINO. 


Mllllmecres I lnchei)ul>ateats 


1 

A 

33 00 -1-0 00 

1 378 -1-0000 


-C^03 

-0002 

D 

1 ■1?50±0013 

0 1870x0 0005 

£•• 

1 2:04±0 01 

01100±000(M 

F*» 

1 1 08 ±001 

0 0780±00004 

C 

3 40 ±0 03 

0 134 ±0002 

D 

28 17 ±0 05 

1 1103 ± 0002 

a 

Not >0 023 

Not >0 001 

L* 

473 00 x0 38 

18 700 - 0 015 

R** 

0 3 

Q 020 


* the Icogth of any 100 consccutlre perforation 


Iminated with bght of a colour by which the 
: film ia not afiected in the short time it is exposed. 
. In the case of non-co1our-sensiti\ c film, the light 
I is yellow, orange, or light red. With green- 
'acnsitire, orthoehroraafic films, it is deep red. 
With panchromatic films, a very low intensity 
of green light is used. Atthougli such films are 
sensitive to all colours, green is selected because 
It la the colour to which the eye is most sensitive. 
For a gis en \ isibihty, a low er intensity of green 
light can be used than of any other colour, and 



Fio 5— Standard 16 mm Film Cunrso 

AND PEBFORATINC DIMENSIONS OF NEQA- 

Ti%E AND Positive Bam Stock, applmno 

TO MaTEBIAL IMMEDIATELt AnEBCCTTlNQ 
AND PeRFOBATISO 



Mlllimctrr* 

Incheaulvalpnti 

A 

If. 00 -1-0 00 
-0 03 

0-630 -fOOOO 
-0-002 

D 

7C20±0013 

0 3000 ±0-0005 

E 

1 83 ±001 

0 0720± 0 0004 

F 

127 xOOl 

00500± 0 0001 

C 

1 83 ±0-03 

0 072 ± 0 002 

B 

12 320-1-0025 

0 483 ± 0 001 

a 

Not >0 025 

Not >0 OOk 

L* 

762 00 -4-0 70 

300 ±003 



0 01 


** This finslc style of perforation, known as ihe 
i<erroratlon, shall be used for alt 3.> mm fllm 
U l9 the tame as the perfuration known prior to July 
11, lOdi asa ilandard positive perfuration 
These dimensions and tolerances apply to Ihe 
material Immediately after cutting and perforailng 


• Z.~the length of any 100 consecutive perforation 
intervals 

I Tliese dlmendons and tolerances apply to the 
I material immediately after cutting and perforating 


splice The cement used for splicing contains 
an adhesive and softeners for the cellulose ester, 
and thus differs according to the nature of the 
film base. Before making the splice the emul 
Sion must }/e rcniotcd from one of the /sitae. 
So cement is known bv winch a satisfactory 
splice ran be rapidlv made between the base 
side of one film and the gelatin eoatetl side of 
tho other. The splice must be strong enough 
so that It docs not provide a week point m the 
film. 

In all operations involving the handling of 
seruitive film in the open, the rooms are tllu- 


any effect on the film is thus reduced to a 
minimum 

Film Qcauty Control Tests. — Chemical, 
physical, and photographic testa arc u»ed to 
control the properties of film. 

CAemical Teete : [or the control of row 
materials used m the manufacture of film base, 
emulsiona, packing materials, materials for the 
construction of handling machinery, chemicals 
used m processing exposed film ; control of the 
fimshed film base to determine probable effect on 
the emulsion, stability, and physical propertie*. 

FAyticol TtsU : of grealoat importance in the 
case of rincmatograph film which is subjected 
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to considerable mechanicnl strain in use ; 
dynamometer tests for elongation, yield point, 
breaking load ; folding resistance ; elasticity ; 
wear and tear tests in the projector ; impact 
tests for strength at perforations : resistance to 
water ; expansion when wet, shrinkage when 
dried ; effects of humidity and temperature, 
including extreme heat and cold ; strength at 
splices ; inflammability and rate of burning ; 
resistance to photographic processing solutions ; 
thickness and uniformity of thickness ; ageing 
tests ; control of colour of tinted films, anti- 
halation and filter laj’crs ; transparency, free- 
dom from colour, haze, spots, and markings ; 
hardness and abrasion resistance ; viscosity of 
dopes and emulsions ; jelly strength, setting and 
melting-points of emulsions. 

Photographic Tests ; scnsitomc.trie tests to 
determine photographic speed, contrast, rate 
of development, photographic quality, fog ; 
colour sensitivity ; special tests for graininess, 
resolving power, image sharpness ; keeping 
tests under various humidities and temperatures; 
defects, such as static and abrasion marks, dirt, 
spots, etc. ; uniformity of sensitivity ; tests of 
suitability for special piirpose.s. 

Knt'ovERV' OF I'lr.M Base and Siever. — A n 
imjjortant economic factor in the film industry 
is the recovery of scrap film base and the silver 
in the emulsion coated on it. In the recoverj' 
of the base, the gelatin emulsion is removed by 
breaking it.down by the action of enzymes, weak 
alkali, or sodium hypochlorite solution, scrub- 
bing and washing. The recovered base is used 
for a variety of purposes, chief among which is 
the manufacture of cellulose ester lacquers. 
The silver or silver bromide from the gelatin 
layer settles in the tanks used for removing the 
gelatin, is separated and dried, and the .silver is 
recovered by the usual metallurgical methods. 
Silver which is present in solution, as in fixing 
baths, wash waters, etc., maj’ be precipitated 
as silver sulphide, or recovered directly as silver 
by precipitation by zinc, or by electrolysis. In 
the einematograph industry large amounts of 
metallic silver of good grade arc removed from 
used fixing baths by clcctrolytie methods, and 
the baths regenerated for further use. 

Ageino and Storage of — Film base 

made of cellulose esters undergoes small di- 
mensional changes on handling or storage, 
unless speeiallj' prepared in manufacture. 
These changc.s are irreversible and revcr.sible. 
The irreversible changes arc due to the los.s of 
small amounts of volatile materials which remain 
in the film after manufaeture. The loss of the.se, 
on keeping the film or pas.sing it through solu- 
tions, results in a slight b\it permanent con- 
traction of the film. By efficient curing <luring 
Tuanufaeturc these volatile residue.s may be 
eliminated and the irreversible shrinkage' thus 
reduced to a minimum. The reversible change 
i,s due to gain and loss of moisture, and is usually 
greater at right angles to the direction of coaling 
the film base than in the coating direction. It 
is greater with aectatc than with nitrate film. 
It is analogous to the case of wood, which 
swells in water across the grain to a greater 
extent than in the direction of it. By rigid 
control in manufacture it is possible to reduce i 


4.o.'i 

such a dimensional change to a minimum and 
to render if practically equal in both directions. 
In recent y’cars there has been a marked diminu- 
tion of dimensional changes in commercial film, 
and in the case of some special films m.ade for 
topographic purposes the changes arc negligible. 

The life of photoirraphic film depends on the 
quality of the film base, the treatment and 
handling of the film in procc.ssing and use, and 
the method of storage. Two j)roblcms arc in- 
volve<l, i.c., the keeping of the photogra])bic 
image, and the keeping of the base. These two 
arc inseparably connected, the one being able 
to influence the other. To ensure maximum 
stability' of the image, ignoring for the moment 
the effect of the support, fixation and washing 
must be very thorough. The normal fixing 
bath should be followed by one which is unused, 
or which has a dissolved silver content of less 
than 1 gram per litre. The film should then be 
thoroughly washed in tap water until the thio- 
sulphate content is reduced to below 0'002 mg. 
per sq. in., and then treated in changes of dis- 
tilled water until the thio.sulphate is less than 
0-001 mg. per sq. in. It should then bo 
thoroughly' dried. Film .should be stored in an 
atmosphere free from impurities which will 
alTcct the image, particidarly traces of hydrogen 
sulphide, hydrogen peroxide, ozone, and nitrous 
oxide. It is not possible to make definite state- 
ments about the possible life of film base, since 
film has been known for only a relatively .short 
period. A few general statements can bo made, 
however, about the probable changes which film 
can undergo with age. and the conditions which 
will tend to reduce these to a minimum. This 
problem is of great importance for film archives, 
libraries, and so on. Cellulose nitrate is an 
inflammable material which is not ns stable 
as ccllulo.se acetate. Cellulose acetate is .slow- 
burning, presenting a fire hazard no greater than 
ordinary paper, and is relatively .stable chemi- 
cally. Deterioration of the nitrate is accelerated 
by increasing temperature or Immidity, by' 
raising the pressure, by' incomplete fixation and 
washing of the photographic lay'Cr, and by the 
products of its own dccomi)osition. It is not 
known that any' dccom[)o.sition products froni 
acetate have an adver.se effect on the keeping 
of acetate film. Both kinds of film tend to 
shrink with age. and acetate film gets brittle 
at low humidities. Its flexibility' can be 
restored by' rchumidifying. In those conditions 
which tend to favour decomposition of nitrate 
film, the traces of dc-e(;mpo.sition product, 
chiefly' nitrous .u id. may exert a dcsiruetivo 
action on the gelatin coated on it, as well as 
on the .silver image. 

The method of storing will depend on the 
length of time to elaji.sc before the film is to be 
u.sed. In the ease of archives, when' the film 
m.iy lie undisturbed ff)r a long ]icriod, the bc.st 
conditions of storage demaml low tem))erature 
.and dryue.s=. If the reet,rds are on nitrate base, 
the best practice woidd be to co]n' them on to 
acetate film of low shrinkage, and store, the 
neet.atc film. Otherwise it would be rle.sirabln 
to c.xamino the films at intervals of a few years, 
and if visible changes arc occurring, or the film 
I is shrinking so that it cannot be run through a 
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cinematograpli printer or projector, it ehotild 
be copied, and the copy stor^. If clneintto* 
graph films are to be projected frequently, they 
must be stored so that they do not tbnnk to 
an extent vhich would cause damago when 
run through the apparatus. Acetate films 
should in these circumstances be atored at a 
moderate relative humidity, S0-70®t,, and at a 
temperature not higher than 70’>'. Certain 
colour films show a tendency for the eolonrs to 
fade unles.s the humidity is kept low. Kitratc 
films to be used frequently should be atored 
at low temperaturo and Ion relative humidit>. 
Film containers for nitrate film should not be 
tightly scaled, and the draners or cabinets 
should bo vented to permit escape of thogaseoas 
products of decomposition. 

The fire haiard present m nitrate film requires 
special attention in designing storage places. 
Standards for this have been established by 
the responsible authorities in manj countries 
and must be adhered to. In general, however, 
the film 13 stored m approved eabmels in vaults 
of fireproof construction, and the cabinets arc 
so arranged that the films are properly isolated 
so that only the minimum amount is dcstrojed 
m case of fire. The sjstcm is employed at the 
National Arcluies at Washington, D.C, the 
films being kept in cabinets uith metal lined, 
insulated, individual film compartments, in 
such a laaDncr that complete burning of a roll 
of film in one compartment should not cause 
Ignition of film in other compartments of the 
cabinet. 

Tests made at tho U.S Bureau of Standards, 
using accelerated oven ageing, indicated that 
tho chemical stability of commercial acetato 
films is greater than that of pamrs of maximum 
purity for permanent records. The Bureau 
reports the advisability of preserving negatives 
of permanent s'aluo by making them on acetate 
base film. Tho handling and projection of 
Cinematograph film in theatres is subject to 
local regulations. In addition to precautions to 
giianl ogainst fire, tho film should be so handled 
that It does not accumulate dirt and scratches 
uhich would nffect the quality of the projected 
picture and the met hanical properties of the film. 
'I he conditions of ninmngm the projector should 
bo so ndjustetl as to prevent tearing of the per- 
forations and other damage. 

Types or Faais. — ^The number of diflcrcnt 
tjpes of photographic film manufactured ap- 
proaches ICK) when considered from the point 
of view of the emulsion. Considering varieties 
of film base, special coatings additional to the 
emulsion, etc., tho number approaches 400 as 
clo«cIy os can bo j’ltdged. Films are usually 
available, or made specially, for all purposes 
where their use is desirable, Umits being pro- 
vided by tho width of the base as made, and the 

E isibiUty of making emulsions and base 
ring the desired characteristics. A selection 
of films in common use can be grouped according 
to their purpose as follows : 

Cinematograph films : standard. 35 mm^ 
negative and positive ; substandard, 10. 
05, and 8 mm., rcicf*aJ. negatiie, and 
poeitne ; special films for sound recording, 


dupbeating, colour photography, copying 
documents, titles, background positives, et<\ 

Amateur films ; roll films, film packs, cut 
film, special films for miniaturo cameras, 
colour films. 

Commercial and professional films j usually 
cut films, for portraiture, press photography, 
general commercial work, copying, separa- 
tion negatives for colour photography, 
special films giving direct transparencies in 
colour, duplicating film, jwsitive film for 
transparencies. 

X ray films - cut films for general and dental 
radiography, usually coated with emulsion 
on both sides. 

Photo engrav mg films : cut films for colour 
separation negatives, continuous tone 
negatives and positiics. screen negvtiics 
and positives, stnpping film. 

Aero films in rolls for use in aerial camera*, 
often on low shrinkage support. 

Special films . for recording scientific instru- 
ments such as oscillographs, clectrocardio. 
graphs, spectrographs, etc , automatic 
cameras, documentary pliotography, picture 
transmission by cleitncal method*, infra* 
red photograpfiv, sensitised tracing cloth, 
direct positive paper, etc. 

Rtfercnces.—L Clement and C. BiviJrc, “ La 
Cellulose et les Ethers Ccllulosiqucs," Pans and 
Litge, 1020, 1036. “Dio Zellulose.” German 
Trans, by K. Batnng. Berlin, 1023. M Halama, 
“ Transparentfolien," Berlin Steglitz, 1032. 0. 
Kauseh, '* Handbuch dcr Azctylzellutoien,'' 
Munchen, 1033 W. Nauck and E. Lehmann, 
“Fabnkation und Pnifung dcr photogr^his- 
then Matenaben,” Berlin, 102S, Band I, Ted 2 
of Vogel’s “ Handbuch tier Photographic} 
M. Ulmann, “ Asetj licUuloso • Fohen und 
•Filme.” Halle (Saale), 1032. E. J. Wall. 
“ Pbofogniphie Erauhion*,” Boston, J920 
P. Wentrel, “ Die Photographisch ehemische 
Industrie,” Dre«den and Leiprig, 1926. E. C. 
Worden. “Technology of (‘elluloso Estirs," 
New York, Vol. I (5 parts), 1921 ; Vol. VIII. 
1916; “Nitrocellulose Industry,” New York, 
2 Vob. 1011. 0. G. Weber and J. R. IIiII. 
“ Caro of Filin*lidc3 and Alotion-plctiire Films 
in Librancs,” Bureau of Standartls, Re«carch 
Paper RP9I2, 1030 ; “Stability of Motion 
Picturo Films as Determined by Accelerated 
Ageing,” J. Sac. ?fot. Pict. Eng. 1030, 27, 077- 
700. E. Theisen, “The History of Nitrocellu- 
loso as a Film Base,” J. Soc. Mot. Pict. Eng , 
1933, 20. 239-202. C. W. Ackerman, “ George 
Eastman,” London, 1030. W. C. 

CELLULOSE. — Cellulose is the carbo- 
hydrate that is the essential and characteristic 
structural sabstanco of the plant world: it 
seems to bo present in approximately every 
part of tho plant and, probably, of all plants. 
Not only is cellulose present in the more 
elongated fibrous cells, which are further 
commonly aggregated info lengthier filaments 
that are tho usual interest of the industrialist, 
but aUo it is present m the thin-w ailed, succulent 
Or pithy, more or less round cell*, with juicy 
e(intents.(hv( arc the food atitemUofbcihror^ 
and other animal species. 
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Fibrous cells vary in length from 2 or 3 mm., 
as in the “paper-makers’ fibre” derived, for 
example, from wood and esparto, to as much as 
20 mm. and more in the cotton staple, ramie, and 
other cellulose species, sometimes called noble 
ceEuloses. Fibre is thereby defined as an 
isolated, single, elongated cell ; filament is, 
then, a lengthy aggregate of fibres. 

Broadly, the older parts of the plant contain 
the higher percentages of cellulose. In the 
animal world, also, cellulose is found in the 
skeletal material of the tunicates ; it appears to 
be present, also, in some bacteria. Whatever 
its origin, whether plant or animal, cellulose is 
the same substance chemically. 

The chemical composition of cellulose is based 
on that of dextrose and cellobiose. When 
cellulose is hydrolysed with dilute sulphuric 
acid it yields dextrose, and G. W. Jlonier 
Williams (J.C.S. 1921, 119, 803) thus obtained a 
yield of 90% dextrose. The elementary com- 
position of cellulose is C 44-4, H 6-2, O 49-4, 
whence the empirical composition CgHjoOj. 
Cellulose is to be regarded as the substance 
composing the walls of the cells in which the 
reserve material (starch) of the plant is stored. 
In order to prevent the cell walls from being 
attacked by the enzyme used by the plant to 
break down the starch, cellulose is baaed on 
^-glucose, whilst starch is composed of a- 
glucose. The enzyme key in Emil Fischer’s 
sense will therefore “ unlock ’’ starch but not 
cellulose. 

The cellobiose molecule is (CjHio05)2,H20, 
and it is customary to represent the cellulose 
molecule as (CjHjgOjla, where n is now no 
more than a statistical average, which may be 
100 or 200 or more. Formerly, it was usually 
assumed, conjeoturally, to be some small 
number like 3 or 4 and, then, numerous ingenious 
structural formulae were also inferred or devised 
to fit the assumjjtions, with little valid support- 
ing evidence : it was of no more than historic 
interest. These older ideas were rooted in what 
was supposed to be classical molecular theory, 
derived from the study of gases and, by analogy, 
true solutions, which assumes a characteristic 
mean free path, as defined in terms of gas or 
osmotic pressure ; in the solid state, however, 
that part of the concept fails, the true applic- 
ability of theory is thereby impeded and, there- 
fore, other ideas are now found to "be more 
useful. 

JIiCELLES AND CRYSTALLITES. — Tho micelle 
(Niigeli, 1858) is conjectured to be the ultimate 
unit of ccUulose structure in the fibre or cell 
of the plant and the necessitj' for it, as a con- 
jecture, is based on such studies as those, 
notably, of 11. Ambronn (Kolloid-Z. 1917, 20, 
184) and his co-workers on tho double refraction 
of fibrous substances generally, which establish 
tho certainty that they aro crystalline in 
the sense of having an ordered structure, some- 
thing like brickwork, and especial under 
stretch which inevitably increases tightness 
of packing. The micelle is defined as the 
structural unit of this ordering and to that 
extent these materials are cr3’stalline ; thus, 
also, the word crj-stallite has come into use and 
it is assumed to consist of one or more micelles. 


In ramie, micelles or crystallites appear to bo 
ordered parallel to the fibre axis ; in cotton, 
screw-wise ; other arrangements aro possible and 
evidence thereof is being gradually accumulated. 

Dextrose and Cellobiose. — ^The basis of 
ccUulose structure is the constitutional formular 
of dextrose and cellobiose, which have now 
been established in all essentials, ospeciaU^' as a 
result of the labours of Irvine, Haworth and 
Hirst. Haworth’s formula for cellobiose is 
jS-glucosido-glucopyranose (Fig. 1) (maltose 
being the a-isomer) : 



With this formula of cellobiose as starting 
point and on the assumption that tho atomic 
dimensions of carbon, oxygen, and hj'drogen aro 
those found by W. H. and W. L. Bragg by X-ray 
anal5'sis of such substances as graphite, calcium 
carbonate, and so on, and after earlier pre- 
paratory attempts by Sponsler and Doro, 
K. H. Sleyer and others, H. Mark has finall3% 
consolidated and reconciled, in main essentials, 
all tho evidence available, in his interiiretation 
of the X-ray analyses of ceUobiose and ceUuloso 
as shown in Figs. 2 and 3 (from Mark’s “Physik 
und Chemie der CeUuloso’’: Julius Springer, 
Berlin, by permission) : 
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Fig. 2. 


As is customar3', the hydrogen atoms are 
omitted in these diagrams. 

The dimensions of the unit ceU of ceUuloso aro 
0=8-35 A., 10-3.4., c=7-9A., )5=S4°. Tho 

diagram also shows that there is one cellobiose 
unit in the central axis of the unit cell and one- 
quarter of a cellobiose unit at each of the four 
vertical margins of the unit ceU — the remaining 
three-quarters of a unit belonging, of course, to 
the like three contiguous, neighbouring ceUs at 
each vertical margin. Therefore, the cellulose 
content of the unit ccU is, arithmeticaU3’, 
; and hence, since its weight in terms 
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of Jhe weight of the hydrogen atom ui kno«nand 
the \oIume, in A. umta, of the unit cell ts easily 
calcuhble, the true specific gravity for cellulose 
u hkevtisc denred antbmetically and found to be 
1 which agrees perfectly with the precision 
determination, by direct displacement in helium, 
due to G. K. Davidson, 1 55-l'57 (Shirley 
Institute Memoirs, 192C, 4, 41). 

According to this evidence, eellulo-vc consists 
of micelles and crystallites, each micelle being 
bundle of parallel chains of devtrose residues 
( Fig 4, in w hich the oxygen atoms arc shaded) ; 
e.ach chain is of variable length and the number 
of chairs in the bundle also variable. The 
ilext rose residues, in each chain, are held together 
by primary valencies; the chains adhere to one 
another, in the bundle, by secondary forces; 
the average micelle size and ch.ain length is like 
fibre length no more than a statistical average. 
On this b.asis and iniito/ia mulunrfir it may be 
(juite properly argued that cellulose, being made 



up of chains of variable length, each of which 
might !« called a molecule, is analogous to a 
mixture of homologues, such as^ for example, 
purified mineral ml. All experience is consfatent ' 
vvith the belief (hat high quality in cellulose is 
eorreivtrd with high average micelle size nnd/or| 
chain length, and vrhat is always designated 
loosely as “degradation" is correlatetl with 
diminution of the average, accompanied by tho 
production of iletritiia prwlucts containing 
euljstanees often oxnlised, of far atnsllcr unit 
size, often approximating to small molecular 
dimensions and therefore capable of jiassmg into 
true solution. 

Micfulk AhD Chaiv DiMcvsioys — There is 
much that Is not Very cknrly dilcrminesi as 
jet of the inter-relations Ulwcen crjslallile, 
micelle, and (ham dimensions, in (he sliove 
paragraph the word bundle has I>pen added, 
no more than descriptively; much rrinains 
to l« done l>cforr these wonls ran be iisnl with 

f >reci*ioii. Something has been achieved, 
lowever. and it is feasible to determine some of 
their dimensions approximatelv. Thus it is 
Iheorrtirally feasible tocalculatc the approximate 


dimensions of micelles or crjstalbtes from 
the breadth of the diffraction lines in the X-rav 
spectrogram, but it is difficult to measure that 
breadth with precision. H. Janeke (1021) 
obtained values of 112x Id”' and Ofixld”' cm. 
for two dimensions ; R. O. Herzog and Kruger 
(192b) similarly obtained a value which thev 
express as ft minimum of 20,000 times the 
weight of an atom of hvdrogcn. Other method*, 
based on nscositj, on osmotic pressure, and on 
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super centrifugal sedmienlation have also given 
positive results jwinting to average miccUe 
weights of 20,000-n00.00(>. On the other hand, 
H. htoudinger has eliown that polvoxj- 
methjlene compounds di«phy collonld 
chsnKtcristics at dimensions about COO time* 
the weight of an atom of hvdrogen. It appear* 
•putt, likely, therefore, that inicello and chain 
dimensions may vary over riuite a large range 
and still display the chirarteriatic quaLties of 
cellulose over the whole range. Ijitlefly, 
interest hs* l-een awakened in direct deterrama- 
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tion of the chain length by taking advantage of 
the circumstance that the two dextrose residues, 
at the two ends of each chain, should be capable 
of substitution by four methyl groups compared 
with three for each of the intermediate dextrose 
residues. Haworth and Machemer (J.C.S. 1932, 
2270), hy direct hydrolysis, obtained 0-6% of 
tctramethyl glucose from 200 g. of methylated 
cellulose, from which they calculate an average 
lower limit, in their material, of 20,000-40,000 
as the weight of the chain; they conclude 
that the chains terminate at a lower mean 
length of 100-200 dextrose units and that the 
colloidal properties and organised structure of 
cellulose are fuUy explicable from this conception. 

Dispersions. — The methods of viscosity, 
osmotic pressure, and super-centrifuging, just 
mentioned, relate to dispersions of cellulose; 
the method of Haworth and Machemer to a 
dispersion of the trimethyl and tctramethyl 
cellulose. Such dispersions of cellulose and its 
derivatives, following much earlier practice, 
are perhaps still most frequently designated 
cellulose solutions, and most probably the 
particles present are predominantly separate 
chains rather than larger units, i.e. bundles or 
micelles, at all events at low concentrations. 
Units larger than single chains also persist in 
these dispersions, to a greater or lesser extent, 
depending on circumstances. Measurements 
based on viscosity, osmotic pressure, and 
sedimentation have yielded rich results when 
scrutinised on the basis of theoretical develop- 
ments, originated by G. B. Jeffery (Proc. 
Roy. Soc, 1922, 102, 161), as an extension of 
A. Einstein’s law of viscosity for spheres (Ann. 
Physik, 1906, 19, 289), to ellipsoids of rotation 
which may be approximated, geometrically, to 
chain form for the purposes required. H. 
Staudinger (Kolloid-Z. 1930, 53, 19) and his 
co-workers’ investigations showed that vis- 
cosities are consistently higher than predicted 
by theory ; reconciliation has more recently 
ensued (R. Eisenschitz, Z. physikal. Chem. 1931, 
A, 158, 78) and it now appears certain that the 
chain is the ultimate dispersion unit. The word 
solution would be, to that extent, properly 
applicable ; simultaneously', however, the chains 
are highly solvated and display all the usual 
colloid phenomena characteristic of emulsoids; 
on that basis the word dispersion may properly 
be preferred. ' 

Cellulose itself is easily dispersed by numerous 
aqueous reagents ; cellulose derivatives, esters, 
and ethers are dispersed by numerous organic 
solvents and mixtures thereof; all are highly 
solvated. P, P. von Weimam who has devoted, 
many years of investigation to the problem of 
systematising the phenomena (Kolloid-Z. 1912, 
11, 41; 1925, Festschrift, 106; 1927, 42, 43), 
concludes that all easily soluble electrolj'tes are 
adsorbed and solvated water (or other solvent) 
therewith ; when the quantities thus taken up 
m favourable circumstances suflSce, the cohesion 
of the cellulose is overcome by the tensions 
thus arising and dispersion ensues. Both 
and negative ions are effective 
additively. R. 0. Herzog and Beck (Z. physiol. 

1^-0, 111, 291) and especially H. E. 
» ilhams (J.S.C.1. 1921, 40, 221) have assembled 
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data on the basis of the hydration of ions, in 
ascending order of effectiveness, as follows : 

NH 4 <K<Na<Li; Ba<Sr<Ca ; 

JS 04 <CI<Br<d<CNS. 

Calcium thiocyanate is thus very effective as a 
dispersing agent because it has a very high 
solubility, both its ions are greatly adsorbed 
and both greatly solvated. Earlier and better 
known dispersing agents (non-neutral, however) 
are especially zinc chloride (T. Taydor, 1859 ; 
Wynne and Powell, 1884), cuprammonium 
hydroxide (E. Bchweizer, 1857) and sodium 
xanthate, which is the viscose forming reagent, 
in situ (C. F. Cross, E. J. Bevan, and C. Beadle, 
1893). On dilution, cellulose is reprecipitated 
from dispersions in a swollen gelatinous condition, 
and J. R. Katz (Kolloid-Beih. 1917, 9, 1) 
has shown that the phenomena are ihose of 
imbibition, commonly named “ hydration ” 
among cellulose specialists. He and H. Mark 
(Z. physikal. Chem. 1925, 115, 338) have shown 
also that throughout the changes accompanying 
adsorption, dispersion, and reversion, by re- 
precipitation, in neutral media, the X-ray dia- 
gram remains that of cellulose alone and there 
is no evidence in favour of any chemical reaction. 

Strong acids, like highly concentrated HCI, 
disperse cellulose in the cold almost instan- 
taneously — approximately in proportion to their 
ionization ; hydrolysis is very rapid and oxida- 
tion likewise, more especially with oxidising 
acids like chromic acid. At lower acid con- 
centration hydroceUuloses are formed which are 
disintegrated fibrous residues more reactive to 
alkalis and characterised by free aldehyde 
groups ; soluble dextrinous substances and 
dextrose are formed simultaneously. At inter- 
mediate concentrations imbibition and gela- 
tinisation phenomena predominate without 
dispersion; sulphuric acid (sp.gr. 1-5-1-6) 
applied to paper, for a few seconds, and there- 
after quickly washed out is the reagent for 
the industrial production of vegetable parch- 
ment. Saltssuch as SbClj, HgClg, Hglj-j-KI, 
BiClj, SnClj, CoClj, etc., in concentrated 
hydrochloric acid solution also disperse cellulose 
rapidly with hydrolysis and, in general, with 
the same train of phenomena (H. G. Doming, 
J. Amer. Chem. Soc. 1911, 33, 1515); under 
controlled conditions they gelatinise cellulose, 
and ZnCl 2 (70“ Be at 40°) is, thus, much used 
for the industrial production of vulcanised fibre. 

Mulalis mvtandis, dispersions of cellulose 
esters and ethers in organic solvents display 
analogous phenomena of gelatinisation, disper- 
sion, and reprecipitation. They are of great 
importance in industry, and many of them are of 
especial interest, e.g. guncotton in nitro- 
glycerin {cordile). 

Hydration. — There is, thus, a series of inter- 
related phenomena, adsorption, gelatinization, 
reversion by reprccipitation ; reverted cellulose 
is alwaj’s “ hydrated.” Alkalis react to 
display all these phenomena, short of complete 
dispersion. 

Alkaline hydroxides and alkalis generally 
have little action on cellulose at low concentra- 
tions even when the temperature is raised. 
At higher concentrations, e.g. 12% NaOH 
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and upwards, meretrisation begins (J. Mercer, 
1844; II. A. Lowe, 1800); at higher con- 
centrations and temperatures the cellalose is 
partly dispersed. But e\en at 180* resolution 
and dispersion arc still limited and gelatinous 
products are precipitated on dilution; at 
jet higher temperatures (SoO*) the ceQuIose ui 
completely resolved to give acid products of low] 
molecular weights, chiefly acetic and osahe, 
acids. i 

Strong alkalis, including alk}i I ammonium 
ba«cs, arc strongly adsorbed by cellulose. Up to 
12 °q NaOH the approximate amount adsorbed 
increases proportionally to the concentration; 
at 12-20% the amount remains constant, then 
rues again, and at 34% becomes constant once 
more. It IS now generally agreed that a com 
pound, 2C|H]gOs NaOH, is formed, especially 
since X-ray analysis has shown that aodum 
enters the chain (K. Hess and C. Trogns, Z. 
I’hysikal. Chem. 1031, II, 3S0). Similar 
results are obtained with KOH and LiOH, 
NaOH 13 intermediate between them in accord 
ance with the analogous eflectiveness of their 


salts, cited abo\e. Fibrous cellulose, thus 
treated with mercerising soda tl7-S% weight/ 
undergoes structural mocLfication ; u 
shrinks and it gelatini«es. gradually and 
progressively ; w hen the shrinkage is prevented 
(H. A. Lowe, 1800) it becomes smooth, lustrous, 
and even silky. Some of the cellulose suhst.^iicc 
IS dissolved and an important assay method is 
dependent thereon. Thus, a pulp treated with 
mercerising solution for 30 minutes at 20°, then 
diluted and Altered, will gi\e a residue of 
resistant cellulose, a-celliilose, and the hltrate 
will contain a proportion prccipitable by dilute 
acetic aeid, p cellulose, and a proportion un- 
precipitable, determined by difference, y cellu- 
lose. Industrially, a high a cellulose content is 
t \ idenoe of high quality because experience has 
shown that se\ere previous process treatment®, 
with reagents at high concentrations and 
temperatures, invariably lower the o percentage, 
whereas with cautious treatment wood pulps 
can be made of about 90^^ a content without 
undue difficulty; cotton pulps, similarh, hx^e 
higher percentages. Industrially, a erllulose i® 



(From Mark's “rhyslkund Chemle dcr Cellulose”* Springer, Berlin, 1031 ) 


thus iJcntiilcd with undegraded, /.e. resistant, 
cellulose. 

In various waj®, therefore, by tho action of 
aciiL®, alkalis, and salt solutions, and by rc- 
pretipit.xlion, celJulase undergoes h|drafiOn. 
'I he result is obtained the more easily if. 
Simultaneously, mechanical action u applied; 
in that event, water alone will hydrate cellolosc, 
and this is an industnal operxition of very great 
iinportmco in the making of paper. A machine 
called “beater” or Lollandcr is emph^ed; 
the purified fibres w ith w atcr arc circulate in an 
cndit-s.s channel, at one point of which they 
arc forced between bars on the penphery of a 
drum, rotating in the channel, and other ban 
on the bed of tho channel; they are thus 
squeezed and rubbed and become a swollen, 
fibriUated, and cohesive pulp. This allows a 
sheet of paper to bo made that will have 
adequate strength and other qualities desired. 
liy ancient paper-makers, in China, Arabia, and 
in Kuropo until about 1700, primitive methods 
of the " pestle and mortar ” type w ere employed 
for the puqiose. 

CiUulosc regenerated from its derivatives. 


fff. by eapamScatian of esters, w Jikeirwe 
obtained hjd rated. 

Hydrated cellulose, by whatever method 
obtained, has an X-ray diagram of its own 
(Fig. 6), diffenag froai that of ccUuloso ttsci! 
(Fig. C), especially in having on angle p=C2 
instead of 84*; tho identity period remains 
10 3A , as for cellulose itself ; and that is inter 
prefed as indicating that hydration produces no 
shortening of tho chain but only a vertical 
twisting ; the dimensions and diagrams (bird's 
eye) display tho nature of the change • 

Cellulose: o=833xl., 6«103A.. c=>79^, 

Hydrated Cellulose : fl=8 ItA , 6=10 SA., e= 
0*1A,^=C2*. 

MTicnevcr, by loss of water, hydrated cellulose 
revcrla to unhydrated cellulose, the unit-cell 
dimensions revert simultaneously, Tho well- 
known twistmg and tightening produ^ hy 
mercerising is easily visualisctl on this c(>n- 
ception. Tho specific gravity of hy drated cellu- 
low IS about 1*52 and, therefore, as before, thcro 
must be, arithmclicaUy, four dextrose residues hi 
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the unit ceU, which is again understandable. 
The hydration water entering the cellulose does 
not enter the unit cell and is therefore not 
inter-chain but inter-micellar water; it is 
imbibition w'ater and not chemically combined. 
This last inference is in accord with J. R. 
Katz’ work (he.), which established that the 
laws of imbibition apply to the inter-relations 
between water and cellulose. J. Strachan 
(Proc. Technical Sect. Papermakers’ Assn., 
1926, VI, 160; ibid. XII) has applied this 
knowledge to the action of the hoUander during 
beating. On the other hand, it has been argued 
(C. J. J. Fox, ibid. 1926, VI, 170 ; 1932, XIII, 1) 
that a chemical hydrate is still a possibility, 
though it would be manifestly difiBeuIt to identify 
its separate presence in contact wdth the 
large excess of imbibition and loose surplus 
water simultaneously present. Nevertheless, 
H. Mark (World’s Paper Trade Review, Tech- 
nical Convention, March 1933, 70) produced new 
experimental evidence, based on direct measure- 
ments, of adsorption of water by cellulose, at 
such low pressures as 1 mm., that water does 
enter the chain and may, therefore, be regarded 
as in chemical combination. The molecular 
equivalent of water is small by comparison with 
a dextrose unit and the weight of, it thus 
concerned is likewise small by comparison with 
imbibition water. 

Cellulose is in reversible equilibrium with 
water vapour over the whole range of humidities 
and temperatures occurring in the atmosphere. 
The reversibility is accompanied by hysteresis, 
analogous to what is found generally true for 
solid substances, and is dependent upon surface 
condition, and therefore previous history, and 
other variable factors. An elaborate study of 
cellulose-humidity relationships has been made 
by A. R. Urquhart and A. M. Williams ( J. Text. 
Inst. 1924, 41, 130). Cellulose ordinarily 

contains atmospheric moisture with a minimum 
of about 6%. Eor many industrial purposes 
conditioning by storage in constant humidity 
rooms is required as an antecedent preparation ; 
it is therefore standard practice to calculate all 
analytical data on oven-diy weights, obtained by 
heating to constant weight at lOO^-lOS”. 

Industry. — ^The multitudinous utilisations of 
cellulose remind us that ours is a cellulose age as 
much as it is an iron or steel age. The cellulose 
is derived from a great variety of plant raw 
materials, and by a great variety of methods. 
Cotton, the buoyant seed hair of gossypium, 
is purified almost solely by mechanical devices 
(ginning) which effect the removal of seed, 
dirt, etc., and thereafter a simple cleansing 
treatment, including bleaching, suffices to give 
it the whiteness that is usually desired ; the 
mildest laundry reagents, dilute soda ash, bleach, 
and soap are emploj'ed for the purpose. Bast 
fibres, which include flax, hemp, ramie, jute, 
sunn-hemp, and the vascular bundles of leaf 
fibres such ns manilla, sisal, phormium, are 
freed from woody, cuticular and thin-walled, 
fleshy cells by which they are accompanied in 
the living plant. This is effected by digesting in 
water, whereby enzyme and bacterial fermenta- 
tions of the pectinous, sugar and starchy matters 
present are induced, which loosen and free 


the cellulose filaments ; thereafter, mechanical 
treatments (scutching, heckling, beetling, etc.) 
suffice for most industrial requirements for 
which they are employed. Fatty, waxy, and 
ligneous non-ceUulose residues, ingredients and 
incrustants still remain in the fibre and for 
many industrial purposes they are not dis- 
advantageous, and such fibres are invariably 
used without further purification. But. thej'- 
can be further purified, if desired, by treatment 
with alkali and bleach or by more drastic 
removal of non-cellulose ; ordinarily they 
encounter such treatments only when they 
appear at the paper mill classed as “ rag ” to be 
made into paper. 

Pulp . — The vast output of purified wood 
cellulose, for paper industries, is obtained by 
direct chemical attack for the removal of the 
non-cellulose components and incrustants of 
cellulose, amounting to about half tho wood 
substance; they are waxes and fats, terpenes, 
resins, tannins, gums, pectins, sugars, starches, 
and especially’ lignin, which adheres to the cellu- 
lose as incrustant. Autoclave digesters of large 
size, frequently taking 60 tons and more of 
wood chips at a charge, are employed. Calcium 
bisulphite is the reagent most in use (B. 0. 
Tilghraann, 1866; C. D. Ekman, 1874). This 
“ bisulphite pulp ” is made, either at lower 
concentrations and lower temperatures (2-6- 
4-0% SOj,’ 110M25°) to give “strong” or 
“ Mitscherlich ” pulps, which are not very easy 
bleaching and are much employed unbleached 
as a component (about 20%) of modern news- 
print (about 80% ground-wood being tho other 
component), or it is made at higher concentra- 
tions and temperatures (4-5% SO^; 12o°- 
140°) to give Ritter-Kellner “ easy bleaching ” 
pulps, which aro the commonest ingredient of 
modern white papers. Half the wood substance 
and all the calcium bisulphite are a trade waste 
and total loss, for which there is, at present, no 
appreciable industrial utilisation ; it is the 
laigest single item of trade waste in the world 
to-day, amounting to many millions of tons 
yearly. Calcium ligninsulphonate is its principal 
ingredient, but fermentable sugars, starches, 
tannins, etc., .are also present from which alcohol 
is to a very small extent recovered and other 
utilisations {e.g. tanning) are of negligible 
dimensions. The cheapness of limestone and 
of SOj from pyrites burners accounts for the 
economic success of the process, in spite of the 
loss of about half tho wood substance. A 
more serious practical restriction is that this 
reagent, being acidic, is not very effective in 
removing resins, which arc not very soluble in 
acids ; hence, the least resinous woods have to 
bo employed, especially spruce. Bisulpliite 
pulps, prepared to customary requirements of 
the trade, are the raw material of tho great 
viscose industry, which produces, at no great 
cost above that of paper pulps, about 90% of 
the world output of rayon, these pulps have 
about 90% a-cellulose, low ash (0-1%), low resin 
residue (0-5%) and suitable swelling quality (in 
mercerising soda). 

Tho resinous woods (firs, etc.) require an alka- 
line digestion ; tho sodium sulphate in the reagent 
used becomes transformed into sodium sulphido. 
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Bccompaniwi by production of substances allied 
to mercaptan. It is owing to this fact and to 
the consequent unpleasant odours produced that 
the manufacture of the pulp has to be carried 
out m sparsely populated distncts. The reagent 
is recovered at the end of the digestion, by 
esapontion and incineration, and then re> 
cupented with additional sulphate or with 
caustic soda and used again as an essential 
economic necessity. The pulps thus obtained 
are emploicd especially for making the very 
strong ‘‘Kraft" papers now so much used as 
wrapping, the great strength is related to 
the mildness and reducing action of the reagent 
and Its consequent inhibition of oxidation of the 
cellulose. These pulps are not easy bleaching 
and w ere never bleached untd the recent present, 
daj cheapness of chlorine brought also bleached 
“ Kraft” into the market. 

Esparto (T. Roulledgc, 1S5C) is much used in 
Great Britain, especially Scotch mills, and little 
elsewhere, as a paper fibre. Esparto grass 
imported from Mediterranean areas is invanahly 
pulped at the paper mill by the use of caustic 
soda exclusively , the caustic soda is recovered 
by evaporation and incineration, and then 
recuperated by lime and used again. 

Straw IS much used, boded with Lme for 
cheapness, for the manufacture of straw-board. 
In S Amenca, S. Africa, and elsewhere, where 
there are local supplies avadable, straw is now 
coming into increasing use abo for the mano- 
facture of white papers for local markets. 

AKiLTSts. — Eor all these grades of cellulose, 
of ranous ongins and prepared by many 
processings, there is now much accumulated 
experience available for their assay , in general 
these methods have been develop^, ad hoe, 
on the basis of indcstrul needs and empirical 
observations. The following methods cover all 
but quite exceptional requirements. 

For purposes of comparison, “ standard 
cellulose ” is taken as datum ; it is generally 
prepared from ginned cotton by heating first 
with 0 1% medical soap solution, thereafter 
well washed and heated with 0 5% Na^CO, 
solution, washe<l, then heated w ith 0 1% NaOH 
solution, drenched with eold distilled water, 
immersed in NaCIO solution (0 1% Cl) for one 
hour, filtered oil, and washed until free of Cl 
It may still contain a minute trace of fat and 
wax from which it may be freed by extraction 
with alcohol benzene. For many purposes 
quantitative filter papers may be used; tto 
HCl and HF extractions to which they have 
been submitted make them, however, rather 
more reactive than standard celloloi'e, m 
consequence of minute traces of h3drolysu 
products; tho same is true of medical cotton, 
which IS frequently used. 

The cellulose content of a raw material is 
determined by chlorination (Cross and Bevan, 
ISSO). rrcfcrablj, tho materul IS first extracted 
with alcohol-benzene for removal of fata and 
waxes, then washetl with hot water and squeezed, 
then heatftl with I0-(5 parts of J% NaOH i 
solution for J-l hour at constant volume. I 
It IS then iqueczevl and. stiU mobt, submitted I 
to the action of a regulated current of ebtonne ' 
gss for 1 hour. Surplus cblonne is removed 


and the material then covered with a known 
volume of distilled water, an aliquot portion of 
which is titrated for HCl, the reaction being 
partly substitution and partly addition, and 
the HCJ figure thus obtamed is a useful indica- 
tion of the amount of lignin present in the 
material. After washing free of acid, the 
[materul is placed in a 2% NaSO. solution 
:and gently rabed to the boil. 01% NaOH 
, on the weight of the solution b then added and 
. the purified fibre finally washed with water jud 
acidified with acetic acid, filtered off, dried, 
and weighed. The }ie!d obtained includes 
fibrous and non-fibrous cellulose ; it often 
contains abo pentosan derivatives (x}!an and 
araban derivates, mostly), for which a correc- 
tion may be required and the degradation 
products of h)droi3’sis and oxidation may abo 
be present. It is routine practice to distil the 
fibrous j'leld, therefore, with 1&-12% HCl 
and the furfural thereby produced is then 
determined by precipitation with phloroglucm, a 
standardised empincal procedure being follow^, 
otherwise reproducibility wiU be unsatisfactory. 

This chlorination method gives, m effect, a 
maximum value which may very well be a higher 
yneld than is likely to be attained m mduitty', 
with Its processing methods based on higher 
concentrations and temperatures and cansing 
greater losses in consequence of bydrcljais and 
oxidation; but though a great many other 
methods of assay have been suggested from time 
to time with varying success it has survived 
supreme, throughout the world, ss the most 
dependable and useful method known. 

the oatenal sometimes, though rarely, has to 
be cfaiorinated a second tune if it is of a hard 
and highly Iignified nature; alternatively, the 
preliminary alkalino treatment may bo inten* 
allied. The final product, if coloutra, may be 
treated with very dilute (0 05%) bleach or 
perm.mganate and thereafter washed w ith water 
acidulated with SO{. washed, dried, and 
weighed. It is then invarubly in the condition 
of ultimate fibres and their length is giv en as a 
simple average, either by direct measurement in 
a microscopic field or by casting the imago 
thereof on to a screen and measuring a number 
of the magnified screen images with a foot rule. 
The following arc representative dimensions ofa 
few commonly occurring fibres • 


Cotton 


DUmeler, 

Cotton . 

20-40 

-012-035 

Iferap . 

15-20 

-015-050 

Ilamie i 

50-200 

-030-075 

Flax . 

20-30 

-015-040 

Jute . . 

1-5-4 

-020-025 

Siaal . . . j 

1-5-0 

-015-026 

Phonnium . ' 

5-15 

-010-025 

Esparto . ! 

1 

05-3 

-010-020 


The yield and average fibre length, together 
with the pentosan content having been 
determined, the following tests raaj th*n be re- 
quired. Ash content, quantitative, endsomctimes 
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flunlitative, is important in, for example, 
viscose pulps because the minute orifices of 
the spinnerets may be stopped by mineral 
impurities ; in some cordage siliceous ash may 
suggest fibre damage by cutting ; finally, in 
quantitative filter papers ash content is of well- 
known importance. Ash content is determined 
by burning oft' the cellulose and weighing the 
residue. The loss suffered by boiling with 1% 
soda for (a) 5 minutes, {b) 1 hour, is a measure 
of hemi-celluloses, and the determination of 
“copper number” (Schwalbe, 1907) by the 
modification of Braidy’s method devised by 
Clibbens and Geake (Shirley Inst. Memoirs, 
1923, 238) is a more specific measurement for 
the same purpose, now much used. They 
employ sodium carbonate instead of the 
hydro.x'ide in the Fehling’a solution, with 
practical advantages of reproducibility. 

Lignin is present in the great majority of 
cellulose materials, either in original percentage 
or as surviving residue. Qualitatively, lignin 
may be isolated, though not unchanged, by 
dissolving away the cellulose accompanying it 
with highly concentrated HCI and then washing 
and filtering off the lignin ; 72% H 2 SO 4 may 
likewise be employed. Many investigators 
have also used these methods more or less 
quantitatively but there is no uniform, agreed 
standardisation that gives adequate reproduci- 
bility. Ground-wood, which, of course, con- 
tains the full original content of lignin of 
the wood, frequently has to bo determined 
(e.ff. for assessment of customs import duty, 
in some countries) and an empirical method 
of determining the lignin as a measure of 
the ground-wood content of paper, has been 
systematised by H. B. Dunniclifte and H. D. 
Suri (Analyst, 1932, 57, 354) ; based on inter- 
action of lignin and phloroglucin, with specified 
procedure, it gives adequate' reproducibility. 

Finally, and especially, determinations of 
a, p, y-cellulose content and cuprammonium 
viscosity will often be required. Cuprammonium 
hydroxide solution (Schweizer reagent) has long 
been known as a good dispersion agent of 
cellulose and, in use, for the production of 
rayon, though the viscose method has greatly 
outgrown it, and for the production of WUlcsden 
canvas and paper ; the viscosity of its dispersions 
has been, in recent years, much employed as a 
measure of quality in the sense that longer 
chains give higher viscosities than shorter ones 
in accord with theory (see above). In this 
dispersion the celhdosc apjjears to undergo no 
degradation for perhaps a week and more, 
when excluded from oxidation by the air. The 
standard specification of the Fabrics Research 
Committee (D.S.I.R.), H.M. Stationery Office, 
1932, details the method ; cellulose concentra- 
tions of 0'5-2'0% are commonly employed; 
the lower the degradation of the cellulose and 
the greater the average fibre length the higher 
will bo the viscosity. This determination 
considered together with the “ copjjcr number ” 
and other data will provide much information 
about history and quality, without which the 
high systematisation now attained in, for 
example, the rayon and lacquer industries would 
have been imj)03siblc. 


Deeivatives. — ^The only derivatives of cellu- 
lose for consideration are the esters and the 
ethers. Theoretically, their number is very 
large, and the size of two treatises dealing with 
these derivatives (E. C. Worden, “ Technology 
of Cellulose Esters,” Vol. I, i-v, 1921 ; “ Techno- 
logy of Cellulose Ethers,” 5 vols., 1933, Newark, 
U.S.A.) is eloquent testimony of the number of 
these compounds that have been already 
prepared and described. Actually, however, 
to-day three esters are of paramount importance, 
namely, the nitrate, the acetate and the 
xanthate ; and none of the ethers has more than 
academic interest as yet, though their patent 
literature is already considerable. 

Haworth’s formula (above) displays the 
presence of three alcoholic OH groups in 
each of the dextrose residues of the cellulose 
chain, except that there are four in each of the 
residues at the two ends of the chain ; each O H 
can be estcrified or etherified : 

R'-OH-fR-COOH^-R'-COOR-fH.O 

R'-ONa-fRX ->R'-OR-l-NaX' 

Theoretically, therefore, since there are three 
alcoholic OH groups available, mono-, di-, and 
tri-esters and ethers are possible. Actually, 
however. X-ray analytical studies of the prob- 
lem have established that ■when cellulose is 
progressively nitrated the spectral diagram 
begins as that of pure cellulose and continuously 
fades and merges into a new one without dis- 
continuous halts. The same thing occurs in all 
the other esterifying and etherifying processings 
that have been studied, and the interpretation 
of these facts, consistent with diffraction theory 
on which the reasoning is based, seems to be 
that -when a molecule of reagent interacts with 
an OH it does so at random until all OH’s 
have thus been esterified or etherified. In this 
sense there is no homogeneous mono- or di- 
substitution product, but hybrid-Uke, part- 
cellulose, part-ester or ether products. The 
xanthate ester is altogether singular and 
exceptional in that only a mono-substitution 
product occurs ; many early attempts were 
made to obtain di- and tri-substitution pro- 
duction without success. 

Nitrocellulose . — Tho nitration of ceUuloso 
(Schonbein, 1845) has long been a fundamental 
process in the explosives industry, and principles 
and practice are derived therefrom. At con- 
centrations up to 75% HNO3, nitric acid has an 
effect on cellulose in tho sense that there is a 
gradual change of the X-ray spectrogram 
analogous to hj-dration and the hydration 
diagram appears on dilution -vrith water ; above 
75% the true ester diagram begins to emerge. 
No aj)proximation to completion of the esterifi- 
cation occurs, however, unless HjSO^ is em- 
ployed simultaneously, in accord witli tho 
usual practice. The complete esterification 
corresponds theoretically -u-ith a final content 
of 14-14% of nitrogen ; the theoretical per- 
centage has, however, never yet been attained 
and 14% must be regarded as the maximum 
practically attainable. 

Broadly, the procedure adopted is as follows. 
Cotton linters arc the raw material ; they are 
the shorter .seed hairs, amounting to about 15%, 
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which are removed from the longer hairs, in 
the operation of ginning, as being not suitable 
for spinning. The Imtcrs are cleaned and 
hghtly bleached to a specification. Other 
cclluloas containing minute traces of hcmi 
celluloses and pentosans are, of coarse, very 
casilj estcnfied. These yield products of low 
uniformity and stability involving comphcaled 
and possibly unsolvablc problems of balhstica, 
storage, and safely ; nevertheless, it is a 
frequently recurring rumour that wood cellulose 
can be and has been used as a satisfactory substi 
tute for cotton by beleaguered nations m war ; 
there ULoevidcneo warranting these rumours and 
much evidence that ought to discount them. 

Tlie detail of the nitration proper is variable 
and modified to suit the special requirements of 
utilisation, which will be different, tg for 
explosives and for lacquers, etc , H,SOjHNOj 
— 3/1 with 1-2% H,0 and linters/acid mixture 
= 1/150 at temperature lo'-lS® for 7 hours 
u a representative prescription. Evenness of 
wettmg 13 of the highest importance and 
therefore the hnters are added to the acid 
mixture m small portions with good mixing 
At the cnil of the nitration the mix is cooled to 
0° and after squeezing out the surplus acid the 
material is vigorously stirred into 5(W(, acetic 
acid, tho temperature being kept below 10®, 
thereafter squeezed off aod treated with fresh 
50^4 acetic acid, brought to the boil for 1 hour 
and then similarly treated with alcohol, which 
remotes tho last traces of sulphuric acid 
After dr}tDg in lugb vacuum such a product 
generally contains about 13 75% N. 

" Stabilisation ” is e&sentiat, and this is 
effected by prolonged and repeated washing and 
boiling of tho pulped mtrocellulose. This 
method is to some extent an alternative to the 
abotc treatment with acetic acid and alcohol, 
by which It can be greatly shortened, with the 
advantage that diminution of nitrogen content is 
minimised. Tho best solvent for high*nitrogeD 
nitroccUuloses is acetone, and for long it was 
regarded as the only appropriate solvent ; for 
levs lugtily nitrated products alcohol ether (and 
ether cheaper mixtures, for lacquers) is satis 
factory, and was used instead af acetone danag 
the war, wlicn suppbes of this solvent were 
insufficient Most important, nitrocellulose dis- 
perses exceptionally well m nitroglycenn for the 
production of a great range of explosives, 
including conJ'te bimilarly, it disperses, also 
exceptionally well, or plasticises with camphor 
to produce celluloid (; t‘ ) Tlie ease of dis 
jersion and plasticuing accounts for the success- 
ful utilisation of nitmccUalose for so many 
jmrposcv — cvplovivcs, lacquers, plastics, for 
the like reason it was also the first, and for 
long tho only matcnal that could he handled 
for the manufacture of raj on. Its csplo«iTe, 
combustible and ignitrble quabtres made it 
dangerous and so it had to be demtrated and 
thus reconverted to cellulose. This was done by 
means of sulphide solution suggested by J. \V. 
Swan who was a pioneer of nitrosilk 

Risnufacturc. To this Jay. and in spite of much 
investigation, no belter agent for denitration 
than s^mm or ammonium hydrosulphide is 
known; it is cfTcctive and smooth in action In 


the sense that it does not cause any degradation 
of the cellulose, and its effect can be very easily 
controlled so as to stop at any predetermined 
point. 

The variations of procedure that have to be 
followed for the production of zihroceUalose 
have been multiplied by the development of 
new industries in recent years ; thus, lacquers 
are required containing cheap solvents, and 
these blended solvents must be “ balanced ” $o 
that they will evaporate gradually and in 
succession, giving no super-cooling of surface 
on which atmospheric dew might deposit and 
lead to an undesired “ bloom.” iloreover, 
the lacquer having aU those desirable qualities 
must have a sufficient nitrocellulose content 
and possess a sufficiently low viscosity to 
enable spray ing to be employed at appropriately 
low pressures or, alternatively, flooding pro 
crtlure may bo employed. Industry has 
succeeded m fulfilling all the<o obligations, 
i most successfully, by varying the quality of the 
I cellulose ran materia], the nitratiou procedure, 
I and the solvent blendmg.andby themtroduction 
of many new plasticisers, which are today 
I perhaps indistinguishable from high boiling 
I solvents. Steaming cotton bnters under con 
I trolled eon^tions enables them to be prepaml 
I to provide a nitrocellulose having any specified 
. vbcosjty over a scale of viscosities graduated 
.from 1 up to 2,000, this remarkable effect of 
I steaming is something for which no under 
letandable explanation, based on theory, is yet 
Uvadable The dctermmatioD of viscosity by 
the standardised cuprammomum method baa 
been of decisive importance in achieving these 
valuable results. 

Actlj/ftUul&st . — Sehutienbcrger (1803) heated 
cellulose with acetic onhydridc and found there 
was an intcractiOD, Franchimont (16‘0J 
introduced the idea of employing a catalyst 
and he used sulphuric acid and several other 
substances for the purpose; a large number of 
substances have since been used and made 
subject matter of numerous patents, but acetic 
anhydride m presence of sulphunc acid is the 
reagent now in use Cotton linters, as for 
RitroceZrufose, is the raw matenaf for the 
like reason pf quality and umforinily, wood 
ccUulo«c does not y lefd so useful a prwJuct, but 
the possibility of finding a satisfactory method 
of employing it is probably more f.vvourablc 
than for nitrocellulose, because difficult prob- 
lems of liallistica and aafety do not an»c The 
maximum acetyl-content for the triacetate is 
63 5 (as AcOH), but CO is rarely exceeded 
industnallyv and it then disperses slowly in 
chloroform, which is, however, comroerrully 
not a practical solvent. It was not until 
C W. ililes (U.S.1*. 838350, lOOC) discovcrwl 
that controlled hydrolysis (halted at an acetyl 
content of about 55) provides « product easily 
diapeniblc m acetone, that cellulose acetate 
became a useful industrial product Eventually 
the war brought it into important u«o as a 
safe, non explosive lacquer for aircraft wing 
fabric, to which it gives a very de«ira(fe shrunk 
water resistant finish (rf. B.&.S 21)50); ana 
though very transparent to ultra-violi't light, 
which IH potent at high altitude* anti destructive 
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of cellulose, that defect was countered by the 
use of an added aluminium pigment. After- 
wards the industrial plant was converted 
to the successful manufacture of acetate- 
rayon, which is now a considerable industry, 
though far smaller than the viscose-rayon 
industry. Cellulose acetate is also much 
employed for plastic moulding, injection mould- 
ing especially. It has an exceptionally high 
dielectric constant which makes it useful in the 
electrical industry as an insulating lacquer, 
and it is very transparent to ultra-violet 
light which makes acetate film useful for some 
purposes instead of glass. Thin film made 
from cellulose acetate is also used as a wrapping 
material and for decorative purposes. 

The acetylation operation is not varied to the 
same extent as that of the nitration, the range 
of graded requirements being much smaller. 
A mi.xture of 120 parts anhydride, 200 parts 
glacial acetic acid, and 6 parts sulphuric acid is 
suitable and typical ; it is cooled to 5° and the 
cellulose (air-conditioned to 2-3% moisture 
content) added in portions with very perfect 
mixing until the proportion is about 8-10 of 
mixture to 1 of cellulose ; simultaneously the 
temperature is controlled so that it rises to 
10’-13° at the end of about 2 hours. In the 
next half-hour it will reach 15° and the mass 
becomes doughy. The temperature, under 
control, continues to rise gently and is not 
allowed to exceed 35°. Samples are drawn 
for routine empirical tests and eventually water 
is added, which converts surplus anhydride to 
acetic acid, and the mass is allowed to stand 
some hours at 50° (until the acetyl number, 
originally about 60, has sunk to about 55) and by 
then it has also become acetone soluble, as 
now required by industrial practice. The 
recovery of acetic acid and acetone, in this 
industry, has been developed to a very high 
level of efficiency, as an indispensable economic 
necessity. It whl bo noted that the addition of 
acetyl groups to the original weight of cellulose 
is a favourable economic factor. 

Xanihate. — ^More than 85% of the world’s 
output of rayon is made by the viscose process 
(xanthate). The raw materials'are wood pulp, 
caustic soda, and carbon disulphide ; in cheap- 
ness it is paramount and recovery is not 
essential to economic success. The technical 
difficulties that have had to be overcome have 
been so enormous that it is evident they would 
hardl}’ have been so patiently fought if it had 
not been for these economic attractions. 

The wood pulp that is the almost exclusive 
raw material of this process (cotton is used to a 
small and probably diminishing extent) is a 
special but not specially expensive grade, made 
from spruce, though it is certain that it can be 
made successfully also from a few other species. 
A viscose pulp assays approximately 90% 
a-ccllulose, 2-3% ^ and 7-8% y, copper number 
1-1 -5, ash O’l, resin 0-5, cuprammonium 
viscosity (1%) about 25 centipoises, and a 
swelling number about G or more (i.e. ratio of 
mercerising soda taken up to original pulp 
weight.) Tho pulp is received in sheets of 
standard size to fit the steeping tanks employed ; 
it. is air-conditioned to a controlled humidity, 
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then immersed for 2 hours in 17'8% NaOH 
solution in a steeping tank, fitted with com- 
pression ram, where it swells greatly ; it is 
then squeezed down to three times the original 
weight and torn into crumbs to be stored in 
closed boxes, for 2-3 days at 20°; some oxida- 
tion occurs which seems to be a useful and 
perhaps essential factor in the process. There- 
after carbon disulphide is added (one-third the 
weight of the original cellulose) so that vapour 
and not fluid acts on the crumbs, which then 
gradually swell and become orange-coloured. 
Surplus carbon disulphide is removed by ventila- 
tion and suction and the xanthated crumbs are 
then dispersed by churning with NaOH solu- 
tion. At first the viscose dispersion is dough- 
like; but sjmseresis occurs on standing and 
when the viscosity has thus fallen to an appro- 
priate controlled level it is ripe for spinning ; 
that point is decided by determining the 
quantity of standardised salt solution just 
sufficient to cause coagulation. From the minute 
orifices of spinnerets it emerges as fine filaments 
into a coagulating or setting bath of about 10% 
HjSO,, which neutralises the soda, and 
coagulates as a consequence. Free sulphur is 
thus formed in the reverted cellulose and it is 
easily extracted with Na 2 S 03 aq. Numerous 
additions to the bath have been from time to 
time used and patented and some are still em- 
ployed, e.g. glucose, their effect being to modify 
favourably the cross-section of the fibre, probably 
by osmotic influence. Alternatively, the viscose 
may be forced from a narrow slit to form thin 
film, which is now being used in ever-increasing 
quantity as an attractive wrapping material and 
for decoration purposes, often coloured. 

The viscose ffispersion employed for spinning 
has a composition of cellulose 7-8%; NaOH 
5-6-6%. The reaction is : 

2 C 5 Hio 05 ,NaOH-f- 2 CS 2 -f NaOH 

2CjH50i-0-CSSNa-f 2H2O 

The sulphur content can be determined by 
adding excess of standard iodine and titrating 
the excess ; another sample of the same viscose 
is salted out and the sulphur content of the liquid 
alone is similarly determined ; the difference 
of the two quantities is the quantity of sulphur 
combined in the cellulose. Further, cellulose 
xanthate, being the salt of a strong acid, is not 
decomposed by acetic acid ; a double titration 
with acetic acid and afterwards with sulphuric 
acid gives values for the free alkali and combined 
alkali. . 

This industry had to be developed before 
much was known about imbibition, solvation, 
and 6yn®resis ; tho ripening process was 
mastered empirically^, after endless mis- 
adventures. The particles in the dispersion 
are largely, perhaps predominantly, chains and 
the condition of the cellulose raw material is 
probably a master factor in the sense that a high 
swelling number may mean that many OH 
groups take up Na atoms and hence become 
responsive to subsequent attack by the CSj. 
However that may be, the disperse particles are 
certainly highly solvated ; the water adsorbed 
on the particle increases its dimensions and 
simultaneously diminishes tho amount of free 
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water in the ettcmal plia'ie, which is, in effect., 
an increase of cclluh^e concentration Thus. 
the % iseosilj H high on account of large dimen- 
sions of the particles and on account of the 
small effectire amount of free water, all 
this IS apart from the circumstance that chain 
length itscIf gives high v iscosity by comparison 
with spherical particloa The disperse pha«e, 
sodium Cellulose Tanthate, is continuously 
docompo'ing spontancouslv (ripening) and 
progressive Mscosit) changes ensue, on that 
account, which are the haais of the procedure 
followed m spuming The \anthate ionises, as 
soap docs, to give a nerrative inu'clle ion, with 
imliibition water in its envelope, the spon 
tancous decomposition gives free celluJose, 
sodium hjdroxule, thioearbonate and water 
80 that the external osmotic pressuru rises and 
abstracts further water from the, as jet, 
undccompused and solvated xanthate and thus 
further reinforces the amount offree water m the 
external phase, all these effects loner the 
viscosity Eventually the amount of free 
cellulose increases to such an extent that the 
amount of yet remaining undccomposed 
xanthate, which is a strong protective and 
emulsifying colloid, becomes insufficient to retain 
the dispersion and the emulsion breaks; 
the cellulose coagulates progressively and after a 
lengthy period becomes a Jump of hydrated 
cellulose in a waterj fluid (C J. J. Fox. J S C I. 
1030, 49, S3T) As this aynxresis proceeds a 
point IS reached at which the appointed amount 
of standardised salt solution wiU just cause 
coagulation, and it is thus known that the 
V iscose M of the appropriate npeness for spinning 
It will be noticed from the equation that an 
eseesa of free NaOH diminishes the rate of the 
spontaneous decomposition, by mass action, and 
hence increases the life of the dispersion and 
the ease of controlling the ripening, and it 
diRiinuhes the v iscosity by increasing the 
external osmotic pressure, therefore exeess 
caustic soda la always employed AetuaUy, 
It IS found that about 7-0% of total soda gives 
the maximum benefit and more produces salting 
out effects , in practice, howover, the total 
soda employed is gencrallv 5-6%. because it is 
found that this gives sitisfactoiy results and 
consume',, by neutralisition, less acid in (he 
setting bath, as an economic offset Tlitso 
considerations hav e been of decisive iinpoitanee 
m the industry because the pressures re*|nmsl 
for foremg the viscose through the minuto 
orilices of the spinnerets and through the 
porcelain (candle) filters employ e«l arc con- 
sidcmble. 

Erjirits.— Cellulose ethers are as yet of no 
industrial imj>ortancc, they arc more difficult 
to prepare than the esters, and esjicrially to 
ensure minimum degradation of the cellulose, 
cthenfying reagents are relatively costly and 
the choice of suitable solvents and their 
economic recovery are not j et adequately 
explored. Nevertheless, it is to be anticipated 
that their comparative inertness and greater 
resistance to numerous reagents will qualify 
them as useful for many purposes, when the 
outstanding problems have b«n satisfactorily 
solved. 


The work of T. Purdie and J. C. Irvine (1003) 
on the alky lation of sugars prcpired the way for 
the alkylation of cellulose, and 0. Leuchs (1912) 
and L Lilienfeld (1912) took out early patents 
for the prepar.ition of cellulose ethers. W. $ 
Denham and 11. Woodhouse (J.C.S. 1913 103 
1733, 1914, 105. 2357, lOil, 119, Sl)’hvve 
made systematic studios of the detail of 
etherification A description of the preparation 
and some of the qualities of triinethvleellulo«e 
will here suffice, which are, niula/n miifandij, 
typical for other ethers as well. Alkali' 
ceUiilose prepared from cotton linters is tlie 
raw material; it is tom into crumbs and sub 
nutted to the action of the cthenfying agent, 
vrhiih IS in this instance diinetkjl sulphate, 
under pressure at 130® for 8 hours. The reagent 
must be m copious excess because much of it is 
saponifiert by tlie alkali present and is inoperable 
m consequence , commonly, the operation has 
to be repeated with another charge of reagent 
before a result approaching tlie theoretical is 
obtained In this way a methyl content of 43^4 
IS attained, theory being 45 5 (as OMe) Tn 
mctbyl cellulose is soluble m cold water and in- 
soluble in hot w ater and this curious result seems 
to be an interesting instance of desolvation with 
rise of temperature and precipitation as the con 
sequence. Hence the preduci is purified by 
a'asbing witli hot uoter and cold alcohol, in 
which It IS insoluble Trimethylcellulose dis 
solves easily m pyridine, chloroform, benzene, 
glacial acetic acid, ethyl acetate, and many 
other solvents ; it is insoluble m ether and cold 
alcohol It can be thrown out of a benzene 
solution, as a w Into powder, by light petroleum, 
and by alow evaporation it can be crystallised 
from solution in several solvents, sometimes as 
spberulites, eometiines as needles. 

The trietbyiccUulose is usually made with 
clbylcbloride as reagent; it is insoluble in cold 
water, as well as hot, but nthctwue its pro- 
perties are very similar to those of the methyl 
ether 

X rav spectral studies have been made with 
many of the ester and ether derivatives by K 
Hess and C Trogus (ic.) and they conclude 
that tho introduction of groups into the chain 
leads to no alteration of the identity period, 
which leniains always 103^ ; but there is a 
change of the angle so that p 53® for the 
tnnitr.ate, 93’ for the perchlorate ; the acclato 
seems to have two forms and there are anomaliC'' 
about its cell angle. In cv eiy instance, however, 
only tho tn-substitution product is homo- 
geneous 

Itact*rial Degradation — Tlio usual result of 
any process attacking cellulose, whether in the 
Ixlioratory or in the factory or m nature, le.ad* 
to what u called “ degradation," wluch may be 
ilefanevl as a diminution of chain length and/or 
miccito dimensions with the formation of 
detntus prorlucls, frequcnfly otidiscd. In 
nature such changes arc nlwavs occurring as a 
consequence of the proce«ses of liv ing perms and 
enzymes; these changes arc, no doubt, often, 
and perhaps always, symbiotic. The hcrhivora 
ingest ceIfuIo»e and a bacterial flora m their 
intestinal tracts converts it into sugars which 
tho beast uses as food; the decay of vegetation 
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leads to the transformation of cellulose into 
jiroducts such as humus, peat, and coal. There 
are aerobic, anaerobic, denitrifying, thermo- 
philic, and other bacteria that appear to 
thrive on cellulose, in favourable circumstances, 
to jdeld a variety of products. The study of 
these processes is rudimentary, as yet, from the 
circumstances that pure cultures seem to be 
unattained and cellulose is in nature never 
unaccompanied by other substances. Hydrogen 
and methane are almost invariable producte, 
carbon dioxide, formic and acetic acids, and 
many higher fatty acids, alcohol and lactic acid 
are commonly formed. H. Pringsheim (Zentr. 
Bakt. 1909, 23, 300) suggests that the inter- 
mediate production of sugars from cellulose is an 
cellulose is an essential of the bacterial nitrogen- 
fixation process. 

CosiPOUND Celluloses. — In the living plant 
cellulose is almost always in intimate association 
with a great variety of other substances. So 
intimate is this association that it has been 
customary to designate them “compound 
celluloses ” in the belief that there is chemical 
combination of the cellulose with them. Plant 
physiologists for purposes of classification have 
enumerated (a) lignooclluloses, (i) cuto- or adipo- 
celluloses, (c) pcctocelhdoses. 

Lignoccllulose is an aggregate of cellulose so 
intimately encnistcd with lignin that it can be 
removed only by the drastic attack of reagents 
ns already described. Nevertheless, the X-ray 
study of lignocelhiloses shows invariably that 
the spectrogram obtained is that of cellulose 
itself; and the only permissible interpretation 
of that fact, according with diffraction theoiy, is 
that the lignin proper present has not an ordered 
arrangement, as cellulose has, and hence is 
unable to display the diffraction spectra that 
would permit its constitution to be deduced 
ns has been done for cellidose. In lignocelluloses 
it is therefore an incrustant and nothing more 
and that diminishes the likelihood of there being 
a combination. K. Freudenberg (Bcr. 1933, 
66 [Bl, 202) has studied the chemical .con- 
stitution for many years and concludes that 
there is no combination. 

The like reasoning applies to the cuticular or 
adipocelluloscs, which are the characteristic 
components found in cuticular and cork 
materials. Fats, waxes, tannins, terpenes, and 
other substances in great variety can be isolated 
from them ; many of them are in industrial 
demand, for a variety of purposes, and their 
stud 5 ' belongs to plant chemistry rather than 
to the chemistry of cellulose. 

The pcgtocelluloses are associations of cellu- 
lose with pectic, often gummy, substances which 
may bo carboh 3 -dratcs or akin to them ; they 
are often acidic, sensitive to hj'drolysis and the 
action of ferments, j'ielding pectin, which 
is present in fruit juices. There appears to bo no 
proper reason for supposing thej' are chemical 
compounds of cellulose. 

Celluloso in the necessities, amenities, and 
luxuries of life maj- be broadh' classified as 
follows : 

(l)Food. — ^Tho foodstuff of the herbivora is 
partly celluloso which is converted by their 
intestinal flora into sugars; hence, indirectly^. 


cellulose is ultimately a source of food for 
man. 

(2) Textiles. — ^Fine ; cotton, flax, etc., for 
clothing, furnishing, and other fabrics. Coarse : 
jute, hemp, manila, sisal, etc., for coarse 
fabrics, wrappings, and cordage. Miscellaneous : 
straws, canes, coir, bast, kapok, in many arts 
and crafts. 

(3) Pulp and Paper. — From rag, commonly 
residues from the textile industries ; from wood 
(purified chemical wood and ground wood) ; 
esparto, straw for paper and for straw-board. 

(4) Constructional. — ^Timber for building, 
joinery, cabinet-making ; cork and linoleum 
industries, as adjunct. 

(5) Derivatives of cellulose, esters and reverted 
cellulose ; 

(а) Explosives — nitrocellulose. 

(6) Lacquers — nitrocellulose ; acetylcellulose 
for aircraft dope. 

(c) Plastic masses — nitrocellulose for cellu- 
loid ; acetylcellulose for injection and 
other moulding. 

(d) Films — nitrocellulose for photographic 
and cinema film ; acetylcellulose for safety 
film ; tissues — mostly from viscose and 
some from acetylcelluloae. 

(e) Rayon — 85-90% from viscose, remainder 
is acetylcellulose and cuprammonium 
rayon. 

(/) Surface treatments — ^Willesden canvas and 
paper, by treatment with cuprammonium 
hydroxide (Sohweizer reagent) ; vulcan- 
ised fibre, similarly with zinc chloride ; 
vegetable parchment similarly wth 
sulphuric acid; military webbing equip- 
ment is viscosed. 

(б) Decomposition products, miscellaneous. — 
(o) Bacterial — humus, peat, lignite, coal. 

(6) Wood distillation products. 

(c) Oxalic acid. 

Bibliography. — C. F, Cross and E. J. Bevan, 
“ Cellulose,” Longmans, London, 1918, and 
Researches I, II, HI, (with C. Doree) IV, 
ibid. ; C. G. Schwalbe, “ Die Chemie der 
Cellulose,” Borntraeger, Berlin, 1911. These 
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are : K. Hess, “ Die Chemie der Cellulose und 
ihre Bcgleiter,” Akad, Ver., Leipzig, 1928 ; 
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“Cotton Cellulose,” Benn, London 1924; 
A. C. Thaysen and H. J. Bunker, “ The hlicro- 
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London, 1927; A. W. Schorger, “The Chemistrv 
of CeUuIose and Wood," McGraw-Hill, London^ 
1926 ; C. Doree, “ The Methods of Cellulose 
Chemistry," Chapman and Hall, London, 1933. 
A. G. Lipscomb, “ Cellulose Acetate,” Benn, 
London, 1933. C. J. J F 

CELLULOSE LACQUERS AND 
CELLULOSE ESTER SOLUTIONS. 
The * celluloso ” lacquers are solutions of cellulose 
esters in orgam'c solvents. The ester employed 
is generally cellulose nitrate (nitrocellulose, nitro- 
cotton, pyroxj’lin, collodium cotton, collodion 
cotton) which has been pre-treated so that its 



4G3 


CELLULOSE LACQUERS AND CELLULOSE ESTER SOLXJTIONS. 


solatioa has a rebtivelj low viscosity. A typacal 
lacquer contains also vamisb gums, nainiju or 
synthetic. Solid plasticisers (plastifiers) of 
nitrocellulose may be present. The bqaid 
ingredienU are volatile eolvente of nitrocell^ose 
and of the sarnish gums, low, mediam, and 
high “ boilers ” bemg used, and volatile diluents 
petroleum or benzene hydrocarbons ; alcohol 
may be classed as a diluent although it acts as 
on auxihaiy solvent for nitrocellulose and as a 
primary solvent for some of the varnish gums, 
ilutures of non-solventa of nitroceUnlose may 
function as solvents, e g. alcohol + benzene or 
toluene. Castor oil, sometimes added to increase 
the extensibility of the film, may be described 
as a softening agent. A ceUulose lacquer like 
the older spirit lacquers, e g shellac in spmt, 
dries to a bard film by evaporation of the 
solvents, as distinguished from the oil varnishes 
which after the evaporation of the turpentine 
or other solvent dry by oxidation of the residual 
oil film. 

Cellulose solutions, on the other band, should 
consist of ceUulose dissolved or dispersed in 
aqueous ammoniacal cupnc oxide, zinc chloride, 
banum thiocyanate or in cold concentrated 
hydrochloric acid or other dispersing awnt. 

The cellulose lacquer industry has developed 
since the Great War, and, due to Amencao 
enterpriK, has attained considerable importance 
In 1933 there were manufactured m the United 
States, according to (ho latest census: 

U S gals. Talne, $ 

Clear cellulose lacquers 6,933,000 9,637.000 
Cellulose lacqner enamels 7,423,000 15,518,000 

In (he same year (he German ou(j>ut was 
valued at 21 8 million R.hl The following 

particulars of production in the Untied Kingdom 
are obtained from the Fifth Census of Production 
(1035); 

1034 1 03$ 

Cellulose vsr- gals £ gals £ 

iilshet and 

Ucquers. 1,911,000 580,000 2,014,000, 876,000 

cwt. £ cwt £ 

Cellulose 

eosznels 123,000 821,000 130,000 631,00. 

Industrial uses of collodium had been known 
since 1855 (A. Farkes, UP. S359, 1855, and 
L. Comidcs, D.P. 745, 1855), but aithough this 
and other nitrocellulose aolutiona had been in 
continued use, they were not important com- 
petitors of the spirit lacquera and oil varnishes. 
Only the large-scale production of low- viscosity 
nitrocellulose and of such solvents as n-butyl 
acetate and n-butyl phthalate made it poasible 
to rnsRofactaro the types of rellaloae Jacqueis 
described above. Atthi8time,too,thcAmencan 
manufacture by mass pnxluction methods of 
motor cars, furniture and leather demanded 
quick drying finishes which could bo apphed by 
spraying. 

The importance of the later stages in the 
history of the art may be shown by a brief review 
of the earhrr solutions. Collodion « ss desmbed 
by Sch5nbcin (among others). Ho wrote to 
Berzelius on March 5, 1846, “ One of the most 
peculiar transformations I hare effected is 


m vegetable fibre which I have brought into such 
a condition that It is readily soluble in alcohol 
and ether, but unaffected by water, and if 
properly prepared possesses the transparency of 
glass ” Surgical collodium as prepared m 
different countries contams from 2 to 4 g. of 
nitrocellulose dissohcd in 100 c.c. of a mixture 
of alcohol and ether which varies from 1 : 8 to 
1 .3 by volume. 

For experimental purposes where so rapid 
evaporation is not required, two volumes of 
ether to one of alcohol is common. Collodium 
has a number of minor aprgical uses dcpendiog 
on its rapid production of a transparent water- 
proof film, and also on the facility with which it 
dissolves castor oil, Canada balsam or colophony 
(flexible collodium) or drugs such as saheyhe acid. 
The “ British Phsrmacopccia ” requires that the 
mtro-cellulose (pyioxyhn) to he dissolved shall 
contain between 115 and 12 3% of nitrogen 
(a suitable percentage for lacquers) and that the 
viscMity at 20® of a 3% W/V solution in acetone 
shall be not less than 3 poises (c/. the viscosity 
of glycerol at 30®, 3 5 poises, ohve oil at 15®, 
about 0 99 poises) hlasson and hIcCall (J.C.S. 
1920, 117, 823) measured the viscosity in 
poises (c g B. units) of a solution of nitro 
ccUidose, N 122%: C»J/100 g acetone, ijw 
viscosity 

e 4-43, 5 05, 5 68, 6 31 

1] 35 5, 117 0, 305 0, 867 0 
Acetone-, ethyl acetate , and acetic acid eoUo- 
<bum each contain one solvent only. Acetone 
collodium exhibits the property of “ blushing ” os 
“chilling’' (> e. drying to a film which u wholly or 
partly white and opaque. Tha rapid evaporation 
of the volatile solvent cools the residual solution 
below the dew-point of the atmosphere, water 
IS deposited ana dilutes the solvent so that the 
nitrocellulose is precipitated. 

Ether-alcohol collodium was used until 
recently m the manufacture of artificial sil£ by 
the process of the late Count Hilaire de Char- 
donnet. It was also used m the preparation of 
the first photographic emulsion — the wet plate 
Or collodion process of Scott Archer which 
I survived the introduction of gelatine dry 
plates on account of its supenonty for three- 
colour printing An important scientific use of 
' collodium is in the preparation of membranes 
for ultra filters (molecular sieves) and dialysis, 
lesr. of antitoxins, blood, etc. (Bechold, Z. 
phjsikal. Chem. 1907, 60. 257; KoUoid-Z 
1931, 55, 172; M. Sigaud, Ann. Inst. Pasteur, 

1 1929, 43, IDO; Krueger and Ritter, J Gen 
Physiol. 1930, 13, 409 ; General Discussion of 
the Faraday Society, Trans Faraday Soc. 1937, 
'33. 1094, “Properties of membranes 

Ether-alcohol collodium exhibits a number of 
I defects which bav e been overcome in the modem 
' lacquers ; it contains a very low percentage of 
I solid residue, so that an extravagant quantity 
I of highly inflammable solvent must not only be 
wasted but must pay freight to the consumer , 

I it tines so quickly that it drags on a brush and 
I cannot bo spread evenly over a large surface. 

I It deposits a film with a pronounced tendency to 
I separate as a whole from a support, especially 
' if this is bnght metal or glass. 
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Amyl Acetale Lacquers . — Progress -was made 
by J. H. Stevens in 1882, -svhen on behalf 
of the Celluloid Manufacturing Company, U.S.A., 
he patented the use of a number of solvents, 
including amyl acetate (U.S.P. 269340) and a 
non-solvent, fusel oil (U.S.P. 269344). Technical 
amyl acetate, Tvhich contains the acetates of 
the alcohols found in fusel oil, is one of the best 
solvents for nitrocellulose; its boiling range, 
lOO^-HS”, indicates evaporation at a convenient 
rate (for vapour tensions of solvents, see 
Rechenburg, “ Distillation in Theorio und 
Praxis.” The chief objection to its use is the 
poiverful odour of pear drops. Eusel oil, when 
purified to technical amyl alcohol, was from the 
first a valuable constituent of these lacquers, 
and prevented white drying. Added to modem 
lacquers it assists in dissolving shellac, sandarac, 
and other natural gums, also “ester gum” 
(t). p. 472) and glyceryl phthalate resin. Ben- 
zine, as a diluent, appears in Fields UE.P. 
381354, 13/8/1887, the proportions being 

propyl and butyl acetate 4 gals., benzine 4 gala., 
methyl alcohol 2 gals., pyroxyh'n 2^ lb. ; acetone 
may be substituted for the methyl alcohol. In 
Imperial measure this formula is a 3% W/V 
solution of nitrocellulose. The same inventor 
adds shellac “ on account of its adhesive pro- 
perties ” to a solution of nitrocellulose, 3% 
iV/V, in amyl acetate, amyl alcohol, and methyl 
alcohol (U.S.P. 422195, 25/2/1890). Lacquers 
of the last mentioned types and known as ‘‘ cold 
lacquers ” were in use in Birmingham about 
1900 ; to some extent they replaced spirit- 
shellac lacquers (“ hot lacquers ”), which wore 
dried in hot air. Nitrocellulose at this time was 
the high-viscosity variety, and could be pur- 
chased damped with 30% methylated spirit, so 
that the dangerous operation of drying was 
avoided when the formula contained alcohol. 
That low-viscosity nitrocellulose of satisfactory 
quality in all respects would open up a wide field 
for nitrocellulose lacquers was known both in 
En^and and the United States, the available 
collodium cotton yielding solutions which were 
too viscous for use as lacquers at concentrations 
beyond about 6 to 8 oz. per imperial gallon. 
A low-viscosity nitrocellulose had, however, 
been made by a method that, was both un- 
economical and dangerous — nitration with a 
hot acid bath (Tucker, Ind. Eng. Chem. 1921, 
13, 624). Tliis author describes the use in the 
leather industry of a 40-second nitrocellulose 
defined by the viscosity of a solution of 1 lb. 
nitrocellulose in one U.S. gallon of mixed solvent 
70% ethyl acetate and 30% benzene, deter- 
mined by observing the time of fall of a steel 
ball in. diameter through 10 in. of the 
solution (c/. tiijra). The solvents for the coating 
solution were acetone oils, benzene and alcohol. 
By 1925 the half-second nitrocellulose had 
appeared in America (Keyes, Ind. Eng. Chem. 
1925, 17, 558; for patents v. Applied Chemistry 
Reports, 1926, 11, 132). The solid content of 
lacquers could now bo increased to 32 oz. per 
U.S. gallon (38-4 oz. per imperial gallon) con- 
sisting frequently of about 22 oz. half-second 
nitrocellulose and 10 oz. of resin, so that the 
required weight of dry* finish on a wood surface 
could be obtained in three coats. Tire four 


common types of nitrocellulose available were 
(1) alcohol-soluble vuth 11-5 to 11'7% N and a 
viscosity of a half-second; (2) R.S. (regular 
soluble) nitrocellulose of the same viscosity 
but with 12-0 to 12-2% N ; (3) Dope nitro- 
cellulose wth 11-8 to 12-4% N and a viscosity 
of 15 to 30 seconds ; (4) lacquer nitrocellulose 
containing 11-8 to 12-4% N with a viscosity of 
60 to 80 seconds. 

Uses. — (1) For lacquers containing resins 
which require a low ester and high alcohol 
content in the active solvent ; (2) for modem 
wood and metal lacquers ; it is soluble in esters 
and ketones alone or when mixed with alcohol ; 
(3) chiefly for coating artificial leather; (4) in 
the older tyqpe of brass and metal lacquers, for 
many years. 

The resin constituents (gums for spirit and oil 
varnishes) are added to give the film a brilliant 
gloss hardness, adhesion, and body, and to 
render it more impervious to water. The 
hardness of the film may be increased so that it 
can be rubbed down ns with the coach type of 
oil varnishes. With increasing resin content the 
film tends to be brittle, but addition of resins 
does not raise the viscosity to the unmanageable 
values of the older nitrocellulose lacquers — 
the effect on viscosity of 8 oz. of nitrocellulose 
has been compared to that of 32 oz. of shellac — 
figures ivhich would be influenced greatly by the 
nitrocellulose, solvents, and diluents employed. 
Good adhesion, not a property of nitrocellulose 
solutions, is obtained by adding gums such as 
shellac, elemi, kauri, etc., less eflScient are 
sandarac and mastic. Dammar is described 
as yielding a soft and tough film, while additions 
of rosin, as with oil varnishes, may produce 
brittleness. 

Keye’s (i.c.) classification of solvents into the 
following classes is based on the boiling-points 
quoted, although vapour tensions at room 
temperature would correspond better to prac- 
tice. Loiv Boilers (b.p. -cClOO"). — Ethyl acetate, 
77° ; ethyl alcohol, 78° ; acetone, 57° ; benzene, 
80°. Medium Boilers (near 125°). — Diethyl car- 
bonate, 125° ; butyl acetate, 125° ; amyl acetate, 
138°-142°; butyl alcohol, 117°; amyl alcohol, 
126°-132°; toluene, 111°. High Boilers (b.p. 
between 150°-200°). — Ethyl lactate, 155°; di- 
acetone alcohol, 164° ; xylene, 143°. Plasticisers 
and Softeners (boiling near 300° or above). — 
Tricresyl phosphate>350°,- triphen}'! phosphate 
>325° ; diethyl phthalate, 290° ; dibutyl 
phthalate, 340° ; diamyl phthalate)>340° ; 
triacetih, 267°. The three non-solvents of nitro- 
cellulose, benzene, toluene, xylene, are included 
because of their solvent action on resins, and 
possibly because of their effect in admixture with 
ethyl alcohol (in which mixture nitrocellulose 
partly dissolves). 

The value of the low boilers is in reducing the 
viscosity of spraying lacquers, and in evaporating 
quickly ; being the least expensive ingredients, 
thc3' serr-e to reduce costs. Flowing of the, 
lacquer to form a uniform smooth surface is 
partlj' due to the medium boilers, while the high 
boilers not only assist flow but are residual 
solvents which retain the nitrocellulose and 
resin in solution, and thus prevent blushing or 
white drying due to precipitation of both or 
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either ingredient. The deposit of w ater from the 
atmosphere, due to the cooling effect of the 
evaporating aolrents, may be re-e\aporafed as 
an azeotropic mixture of, for example, benzene, 
alcohol, and water, before precipitation can 
occur. The non solvente of nitrocellulose, butjl 
and am>l alcohol included in the medium boilers 
arc useful for preventing blushing and as resm 
solvents. There is scope for much ingenuity 
m so formulating the lacquer that the effects 
of changes m composition during evaporation 
are compensated, while at the same time the 
cost is reduced by the presence of as much 
inexpensive diluents as the final effect permits. 

i>i/u(ion SatiO or Solcent i’oircr is a measure 
of the maximum volume of a diluent which can 
be added gradually without causmg precipita i 
tion to a well stirr^ nitrocellulose solution at a , 
specified temperature (20'’). The volume of 
diluent divid^ by the volume of solvent (eg ; 
20 c c in which 2 g half second nitrocellulose, 
had been dissolved) gives the required figure. 
The value of a diluent to the lacquer manu- 
facturer is proportional to the dilution ratio in 
which It plajs a part. Davidson and Rcid 
(Ind Eng Che'm. 1027, 19, 977] confirmed the 
opiruon that greater volumes of d Juent aromatic 
hydrocarbons than of petroleum hydrocarbons 
can be added. They found, for example, that the 
monoethyletber of ethylene glycol has a dilution 
ratio of 5 2 for toluene and 0 8 for gasoline 
Ke\ea (i.e.) measured the number of cc of 
teiacne added untd a turbidity persisted in 
100 c.c. of solutions of the following solvents 
ofBS nitrocellulose (e aupro) 240 g per litre 
(32 ot per U.S. gallon) and reported diethyl 
carbonate, ISO, butyl acetate (85%), 240, 
amyl acetate (85%). 280; diacetone alcohol. 
340, tricreayl phosphate, 380, dietbyl 
phthalate, 480 , ethyl lactate, 700 Brown and 
Bogm's (i6id 1927, 19, 903) dctercrinations 
were carried out to give the dilution ratio at 
a final concentration of about 8% nitro- 
celluloso (ordinary lacquers have 8 to 12%). 
Under these conditions the ratio for added 
toluene is 2 93 for n butyl acetate as solvent, 
■> 80 for ethyl lactate, 8 00 for dibntyl tartrate. 
iVhcn employed as a diluent, butanol (n-buty) 
ilcohol) gave a dilution ratio with n butyl 
icelatc, 82, ethyl lactate. 102, dibutyl tar- 
trate. 15 0 

I iKoeity . — The nitrocellulose is usually pur 
chased dampeii with 30°^ of ethyl or of iso- 
propyl alcohol. It is dned before making up the 
standard solution The usual cIas«ification 
from I second upwards is based on the falling 
sphere method appLcil to a standard solution and 
IS due to the Hercules Powder Co , U S A This 
solution contains nitrocellulose, 12 2®o. alcohol, 
(05%1. 2207i; ethyl acetate (99«;). I7S%; 
benzol (90''), 48 3%, all W/\V% It is placed m 
a glass tube 14 in long and 1 in m dnmeter, 
having marks 2 in from each end, contained 
in a bath of 25''. A steel ball (liaM bearing) j'^-in 
diameter, weighing, about 2 05 g. is dropped 
axially into the solution and falls between 
the two marks, 10 in. apart, in a time which ts 
measured in seconds by a stop watch 

In NoLers method 3, 10, 20, 40. or 60 g of 
nitrocellulose in onler of decreasing viscosity of 


the samples are dissoh cd m 100 ml. of aqueous 
acetone, 0 8097 (neatly 95% v/v). The 
steel bail is I’n-m. diameter and the time of 
fall (1) through 15 cm. of the solution at 20* 
is observed, the tube used resembles that 
described in B S.S 188, 1937, “Determination 
of Viscosity,” p 24. The time is calculated to 
viscosity megs units based on (/) 19 seconds, 
for castor oik rf*® 0 06: wnth the dimensions 
chosen, 4/2 for the nitrocellulose solution is for 
practical purposes equal to the kinematic vis 
cosity m stokes 

The half'Second nitroccUulose of the Hercules 
Powder Co corresponds to an I C.I. product w ith 
II 8 to 12 3% N, of which 40 g dissolved in 
100 ml. of 95% acetone yield a solution with a 
kinematic viscosity of 43 c g s units The 
relation of apparent viscosity to ease of applica- 
tion IS shown by Mardle's figures (J Oil Col 
Chem. Assoc 1935,18, 12) A viscosity of4 to 6 
poises at 20° appears to be suitable for brushing 
to yield a film weight on metal of 1 oz. per sq yd 
and a viscosity of about 3 poises for spray 
application using 50 lb per sq in air pressure 
(To convert the units dynamic viscosity m 
poises— dcnaity=kinematic viscosity in stokes ) 

For recent work on the viscosity of solutions of 
DitroceIIulo<e see papers by Stauchnger and other 
authors m “Colloid Aspects of Textile Materials, ” 
General Discussion. Trans Faradav Soc 1933, 
29. 18. 32, 110, 122, Staudincer and Sorkin, 
Bcr 1937, 79. [Bl, 1993. Pbihpoff, Angew Chem 
1936.49.855, Taniguchi and Sakurada, J 8oe 
Cbem Ind. Japan, 1937, 49, )2]B, Shinoda 
and Inagaki, Cellulose Ind 1036, 12. 256, 
Houwink and Klasssens, ICoIIoid Z 1037, 79, 
No 2. 138 The p.vtented processes for reducing 
the vucosity of nitrocellulose are reviewed by 
Mayor, Rev* gen. mat plast 1936, 12. No 7, 
199 

M. G. Milliken (Ind Eng Chem 1930.22,32?) 
describes the manufacture of nitrocellulose of 
low viscosity by the Hercules Powder Co , 
Wilmington. Del , U.S.A Experimental heat- 
ing of mixtures of nitrocellulose m water, in 
autoclaves reve.vled the connection between 
timeof heating.temper.vture, viscosity reduction, 
and degree of denitration (Fig 1) The decom- 
position products are removed by subsequent 
washing, m contrast to methods of reducing the 
viscosity of nitrocellulose m solution At one 
time brick lined steel digesters were m u«e hold 
ing 4,000 lb of nitrocellulose and 60,000 lb 
of water, hut difficulties were experienced in 
providing adequate removal of the gases arising 
from the denitration winch aeciimulated m the 
fibrous nitrocellulose causing false water levels 
and dry spots m the digesters To avoid these 
hazards, a continuous process was ndoptcil m 
which the a.ispension of nitrocellulose and water 
IS pumped through a 4-in pipe 4.000 ft long, 
heated by a steam jacket for a distance at the 
entrance end and cooled by a water jacket nevr 
the exit end. A stand pipe 200 ft high is con- 
nected to the exit, and at the top the mixture 
of watir and nitrocellulose overflows into a 
descending pij'c delivering into tubs below 
(Fig 2) Reduction to half second vi«co«itj w 
obtain^ in 25 minutes, which is the time of 
travel through the pipe. A section of PyTex 
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tubing in the coil near the exit enables the 
velocitj' of the material to be observed (Fig- 3). 
The coils of the continuous digester (Fig. 4) 
designed to prevent the formation of gas pockets, 
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increasing the body of a lacquer or for imparting 
waterproofing properties to shellac solutions. 
Forty-second and seventy-second types were 
specially prepared to avoid the usual gelatinisa- 
tion when mixed with bronze powders, twenty- 
second and seventy-second for dipping lacquers 
for silver, dope nitrocellulose in the wide range 
of viscosities 20 to 200 seconds. 

Solvents. — The name of one of the low boilers 
might be misunderstood — it is “ methyl acetone,” 
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contain a charge of 600 lb. nitrocellulose (c/. 
B.P. 301267, 338941, Hercules Powder Co., 
Assees of M. G. Milliken). 

The types of nitrocellulose were again 
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ela.ssificd by Partridge (Ind. Eng. Chem. 1929, 
21, 1014) ; half-second and four-second for 
motor car and wood-finishing lacquci'S, eight- 
second for wood lacquers, fifteen-second for 


In case the Pyrex tube, with nitrocellulose-water 
mi.xture passing through 

this is a mixture of varying proportions of 
acetone, methyl alcohol, and methyl acetate. 
The former B.E.S.A. specification 2Dl stated 
the following properties : d'® 0’830 ; b.p. 60°- 
70° ; acetone 45 -60% ; clearly soluble in water 
in all proportions. 

As a result of the success of the Commercial 
Solvents Corporation in working the Weizmann 
process (for history, v. Gabriel and Crawford, 
Ind. Eng. Chem. 1930, 22, 1163) of fermenting 



Fig. 4. — Continuous Digester Coils 

maize starch to give acetone and ri-butv! alcohol, 
this alcohol and hence the corresponding acetate 
and phtlmlate became available in large 
quantities for the lacquer industry (for manu- 
facture from acetylene, v. Vol. I,' Acetylene, 
Acetaldehyde). 'The supplies of “ amvl” 
alcohol and “ amj’l ” acetate were increased hy a 
sj-nthetic process starting from a mixture of 
n-pentanc and isopentane. 
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cye/olleijl acetate and methylcjclohexj! 
acetate resemble am^I acetate. ^lcth}l ethyl 
iefone -a as icell knomj as a solrent before 
and dunng the Great War, compared vith 
acetone its slower evaporation renders it less 
Lable to blu-hxng, but its dilution ratio with 
benzene is lower, being 4 • 6 9. eyc/oHexanone 
and metbjlryr/obesanone have ddution ratios 
with benzene even higher than acetone, 8 6 and ' 
S 0 respeetivelj aceordmg to the measurements 
of Nobel’s Explosi%e Co 
Bogin (Paint, Oil and Chem Rev. 1936, 9S, 
No. 10, 9) states that the usual diluent is now a 
mixture of equal parts of toluol and naphtha 
Since butyl acetate tolerates additions of this 
mixture better than ethyl acetate, the latter 
solvent has lost any advantage it formerly 
possessed as an ingredient for reducing viscosity 
The properties of a lacquer film depend partly 
on the retention of aolvents, nhtch itself is 
influenced by the nature and amount of the 
plasticisers Bogin and Wampner (Ind Eng 
Chem. Ind Ed. 1037, 29, 1012) found the 
solvents retained at no flow point amounted to 
20-35% of the weight of the film, at dry point 
12-20%, and after three weeks’ ageing 
The properties of solvents and diluents and 
the prevention of blushing arc considered by 
B K Brown (fod. Eng Chem 192S. 20, 181) 
and by Davidson and Reid {tbid 20, 199) 
Two instances of formul® n ill be given The 
solvent mixture used by Rogers and Bants 
(i£id 20, IDS), contained etbj 1 acetate 10 par<s. 
but;] acetate So, dibut;l phthalate 5, butanol 
10, toluene 31. The solids were halfseeond 
nitrocellulose wet with 30*o alcohol 8 parts, 
ester gum 7, cumar resm 4 
B. K. Brown {thd 1025, 17, 568) prepared 
a mixture of butyl acetate 25^,^, ethyl acetate 
15®{„ butanol lO^o* toluene 42%. xylene S% 
The finished clear lacquer contained (be following 
solids dissolved m one (U S ) gallon of the 
mixed liquids nitrocellulose (28 seconds) 8 oz . 
dammar, 9 oz ; “ester gum," 2 oz 
British Standard Spteijicattons — The following 
have been issued for solvents and diluents, those 
listed with D numbers relate to aircraft dope and 
mgredienla, le prioiarily to cellulose acetate 
solutions clear or pigmented. 

Loie Boiltri — Acetone, 3D22 and 509, 1833. 
ethyl acetate, 533, 1034, methyl ethyl ketone. 
3D1; “mcthvl acetone,” 2D1 ; ethyl alcohol 
3D9 and 507, ’1933, methyl alcohol, 506. 1833. 
benzol 3D10 

Jfedium SoiUrs — Normal butyl alcobol 
(butanol), 508, 1933 , butyl alcohol, 2DI7. butyl 
acetate. 3D4; normal butyl acetate, 551. 1934; 
amvlncetate, 3D3and552, 1934. 

High Boiltrs — Discttone alcohol, 649, 1934, 
ethyl lactate. C63, 1936 
The chief absentees are amyl alcohol (B S S 
696 for this suKstance relates to milk analysis), 
isopropyl alcobol. ethylene glycol monoethyl 
ether and its mono acetate, cyc/ohexanone and 
methylcyc/ohevanone, toluene, xylene, and; 
ligroin 

Bljsfici’sers (plastificrs) for purposes of 
clvssification are substances which gebtimse 
nitroceUulo«e and are retained toa grcatcrorless 
extent by the lacquer film after the evaporation . 


of the solvents The typical plasticiser is 
camphor, which plays an essential pirt in the 
maaufacture of celluloid, and is therefore con. 
tamed in lacquers made by dissolving celluloid 
scrap or film scrap containing camphor. R u 
impossible to draw a sharp distinction between 
pl^icisers and high boding solvents. 

Bnlish Standard Speci£caUons have been 
issued for the following substances: diethyl 
phlhalate. 574, 1934; dibutyl phthalate, 573, 
1934, Inacetm, 2D11; triphenyl phosphate, 
3D12. Castor oil (for mtro dope coverings) is 
specified m 3D3 but is a softening agent rather 
than a plasticiser as it exudes from the film if 
present in high percentage of the nitrocellulose 
Blown castor od, largely used in leather cloth 
lacquers, and the important tncresyl phosphate 
are not the subjects of British Standard Specifica- 
tions Tnphenyl phosphate is specified m 
3D12. 

A Kraus (Farbe u Lack, 1937, No. 5, 9; 
No 7, 79, No. 8, 89) while confirming the 
satisfactory properties of dibutyl phthalate 
considered diphenvl phthalate to be the best of 
(he plasticisers tested in cellulose enamels. 
Tnamyl citrate also gave good results id 
enamels contammg dammar Benzyl butyl 
phthalate and triphenyl urea improved t£ie 
resistance of the films to weathering Refer 
enoes are given to patent literature In an 
earlier publication (ibid 1934, 39, 53} this 
author compared 41 plasticisera of mtro 
cellulose including butyl tartrate and butyl 
oleatc, these gave satisfactory elongation and 
tensile strengtn of the film. Previously (tdern , 
ibid 1933, 545. 556) it was found that the 
yellowing of nitroceUulo'e films and the extent 
of decomposition on exposure to ultra violet 
fight was not parallel with the alteration in 
mechanical properties Vohtdity of the plasti 
risers and the durability of the films were not 
directly proportional to one another (ibid 1934, 
270. 291) Pfeiffer and Speicher (Paint. Od and 
Chem Ber. JWS, 98, No 10, 16) stale that 
although mtrocelluloses of and J-sccond 
viscosity yield relatively’ weaker films, their use 
m lacquers permits the solid content of a 
licciucv to be convcdetably «u;wa.sed 
Ratios of resin to nitrocellulose of 3 2 (Farben. 
Ztg 1936. 41, 56) and 2 I (Nitrocetlulose, 
1936, 7, No. 1, 35) have been specified in 
Germany 

Besins (Varnish Gums] — Strong solutions of 
the rtoins in the diluents are convenient for 
mixing with the solution of nitrocellulose in 
solvents and plasticuets, and permit the 
removal of wax from shellac and dammar 
Other natural resins used are clemi for flexibihty, 
and mastic The most important synthetic resin, 
“ester gum” (prepared by heating glycerol, 
and rosin), is very soluble m benzene, feliellnc 
may sometimes be substituted by a phenol- 
formaldehyde resin Glyplals, prepared by- 
condensing phthalic anhydnde and glycerin, are 
much usctl m the form of ajkyd restns of the 
type made by condensing glycerol with phthahe 
anhydnde and fatty acid from a non-drying oil. 
Their effect is to increase the gloss, adhesion 
and fastness to light of Cellulose lacquers, in 
which they can substitute part of the mtro- 
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cellulose and plasticiser (Bond, J. Oil. Col. Chem. 
Assoc. 1936, 19, 225). 

Glyptals containing unsaturated acid group- 
ings from drying oils are used in priming 
lacquers on wood. Cellulose undercoats were 
unsuccessful in Mardle’s tests, (ibid., 1935, 18, 
12) and adhesion on metal surfaces was best 
obtained when ordinary bnseed oil paints formed 
the undercoating. 

Cellulose Enamels (Pigmented Cellulose 
Lacquers) are manufactured with the aid of the 
ordinary grinding plant of a paint factory by 
grinding together the pigment and liquid 
plasticiser and mixing the paste with the 
nitrocellulose solution containing the remaining 
ingredients. 

B. K. Bro\vn (l.c.) prepared an enamel by first 
grinding 3-4 lb. zinc oxide in a ball mill with the 
nitrocellulose solution already described (v. 
supra) and then adding the diluents. (In this 
method of grinding evolution of nitrous fumes 
sometimes occurs.) The resulting enamel gave a 
film which cracked on bending, but on adding 
6-5 oz. dibutyl phthalate a highly flexible coating 
was obtained. W. Toeldte (Farben-Ztg. 1931, 
37, 448) records the results of numerous tests of 
cellulose enamels. 

Cellulose Acetate, containing acetyl groups 
equivalent to about 54% C^H^Oj, dissolved in a 
mixture of acetone alcohol and benzene with a 
small proportion of benzyl alcohol and triphcnyl 
phosphate, has been largely used for doping the 
wings of aircraft. The coated linen becomes 
taut and rigid as the solvents evaporate. The 
cellulose acetate layers were then covered with a 
coating of a pigmented nitrocellulose solution 
containing amyl acetate and castor oil. The 
khaki pigments (ochres and red oxide of iron) 
absorbed the ultra-violet rays of sunlight and 
were used because F. AV. Aston showed that 
the unprotected cellulose acetate layers were 
transparent to ultra-violet, rays which caused 
the deterioration of the linen fabric. 

Relevant British Standard Specifications are : 
cellulose acetate, 2D50 ; properties of aeroplane 
doping scheme, 2D101 ; nitrocellulose syrup, 
2D8 ; yellow ochre, D26 ; zinc oxide, 2D27 ; 
red oxide of iron, 2D28; identification red, 
2D29 ; carbon black, 2D30 ; ultramarine blue, 
2D31 ; aluminium powder, 2D32. An Air 
Ministrj'- specification for cellulose finishes is 
D.T.D.C3. 

Cellulose Ethers. — The great stability of ethyl- 
cellulose and of benzylcellulose and the 
solubility of certain types in the cheaper solvents 
benzene and alcohol are desirable properties, 
but no commercial lacquers containing these 
ethers are recorded b}’- Traill (J. Oil Col. Chem. 
Assoc. 1936, 19, 248). 

Application. — Dipping. — Electroplated silver 
articles ns well as brass and bronze goods are 
often finished by dipping in a dilute colourless 
quick-di^’ing lacquer, removed, allowed to drain, 
and dried in an oven at about 60°. An invisible 
protective film remains on the goods which 
prevents tarnishing during storage. Defects 
of the process are “ greening ” if the lacquer is 
acid, or an iridescence duo to “ Newton’s Rings ” 
if the lacquer film is too thin. Coloured trans- 
parent lacquers are unsuitable for dipping, for 


differing shades of colour are seen where the 
film is of -uneven thickness. Colour can be 
imparted by immersing the dipped goods in 
solutions of basic dyes for a few seconds and 
then washing in water. Pencils, penliolders, 
walking sticks, metal and wood knobs, toys are 
dipped mechanically by means of a device hold- 
ing a number of the articles. Wings of motor 
cars are also dipped as part of a continuous 
process of manufacture. 

Brushing. — This method is used for coating 
optical instruments, embossed name plates, 
metal parts of aircraft, toys, lampshades, with 
clear or pigmented lacquer, in some cases above 
an undercoat of an oil paint type, and for 
doping airplane wings above a coating of diluted 
dope (cellulose acetate solution). 

Spraying. — ^For the mass-production of motor 
cars, furniture, coated leather, and many small 
articles, quick drying finishes, rapidly applied 
by spraying, are essential. Spraying may be 
hand-operated or mechanical, and must be 
carried out in a. suitable, rapidly renewed 
atmosphere, e.g. in spraying cabinets adequately 
ventilated so that no mixture of vapour and 
air can form, which would be noxious to breathe 
or capable of exploding by an electric spark or a 
flame (“ Explosive Properties of Lacquer Solvent 
Vapour,” Richardson and Sutton, Ind. Eng. 
Chem. 1928, 20, 187 ; v. infra. Regulations). 
The spray gun or pistol comprises a nozzle 
connected with a cup or container for the 
lacquer and also with a flexible pipe supplying 
compressed air, the cup and nozzle being 
mounted on a hollow handle which is the air 
inlet. The lacquer is projected in a fine spray 
(like that from an atomiser), fan-shaped for 
covering large surfaces or as a narrow jet. 
Compared with brushing, a thinner coat and 
better adhesion are obtained with lower cost for 
time and material. 

Regulations regarding fire hazards, etc., and 
dangers to health. — Explosives Act, 1875, Section 
3, Note A. — Collodion cotton in solution in 
ether and alcohol or wet with water, or saturated 
with methylated spirit is not within the meaning 
of the Act ; “ Memorandum on the Manufacture, 
Use and Storage of Cellulose Solutions,” Factory 
Department of the Home Office ; “ General 

Railway Classification of Goods ” ; “ Classifica- 
tion of Dangerous Goods by Merchandise 
Trains ” ; " Carriage of Dangerous Goods 

in Ships,” Board of Trade Notice 130, 1933 ; 
Regulations under the Petroleum Acts, Home’ 
Office, 1934, define an inflammable liquid for 
use in cellulose solutions to mean any liquid 
which in the official test (Second Schedule to 
the Petroleum (Consolidation) Act, 1928, [a] ) 
gives off an inflammable vapour below 90°F. ; 
A Guide to the Factories Act, 1937, H.M. 
Stationery Office. 

Recent Bibliography. — E. C. Worden, “ Tech- 
nology of Cellulose Esters, Nitrocellulose,” 
5 vols., E. & F. Spon, Ltd., London, 1921 ; 
F. Sproxton, “ Cellulose Ester Varnishes,” 
Ernest Benn, Ltd., London, 1925 ; Brown and 
Crawford, “ Survey of Nitrocellulose Lacquer,” 
Chemical Catalog Co. Inc., New York, 1928; 
S. Smith, “ The Cellulose Lacquers,” Sir I. 
Pitman & Sons, Ltd., London, 1928 ; S. P. 
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Wilaon, “Pjroxjlin Ename]a and Lacqoers,” 
Constable £ Co . Ltd , London, 192S 5 C. 
Bianei, “ CcUuloseestetlacke,” German tran«Ia> 
tion by A. R'eifie, J. Springer. Berlin, 1931; 
R. G. DmieU, “ Nitrocellulose Lacquer Mann* 
facture,” L. Hill, Ltd., London, 1933; F. 
Zimmer, " Xitrocellalose Ester Lacquers,” 
English tnns}alion by H. K. Caraenn, Chapman 
and Hall, Ltd, London, 1934, A .Tones, 
“ Cellulose Lacquers, Finishes, and Cements,” 
C Gnffin & Co , Ltd , London, 1937 ; “ Toxicity 
of Industrial Organic Solvents,” Industrial 
Health Research Board, Report No 80, H M. 
Stationery Office, Londgn, 1937, Nobel’s 
Explosnes Co, Ltd, “ Industnal Nitro- 
cellulose,” Impenal Chemical Industries, Ltd , 
London, I93S ; T H. Durran«, " Solvents,” 
4th ed , Chapman and Hall, London, 193$, 
C Ellis, *' SjTithetic Reams and their Plastics,” 
Chemical Catalog Co. Inc , New York , ” Deter- 
mination of Viscosity of Liquids in Absolute 
(COS) Units," B S 183, 1937 
PtnodicaU — British and American Chemical 
Abstracts ; Chemisches Zentralblatt , Renew 
of Current Literature (Research Association 
of British Paint, Colour and Varnish 
Manufacturers) , Annual Reports of the 
Society of Chemical Industry , Cellulose* 
chemie , Nitrocellulose . Farbe und Lack : 
Farben.Zeitung: Zeitschrift fur das gesamte 
Schiess- und Sprengstoffnesen , British Plastics 
anct Moulded Products Trader, Journal 
of Industnal ond Engineering Cbemistiy, 
F&mt, Oil and Chemical Review. Drugs, Ods 
and Paints j Amencan Paint and Varnish 
Manufacturers Association Circulars , Journal 
of the Oil and Colour Chemists Association : 
American Paint Journal. Official Digest. 
Solvent News, Kunststoffe; KoUoid-Zeit- 
schrift; Le Caoutchouc et la Gutta-percha; 
Revue Gen#rale dcs Matieres Plastiques; 
Revue G^n^rale des CoUoides, Oil and Colour 
Trade* Journal. Amencan Paint Journal; 
Synthetic Finishes. Paint, Colour and Lacquer 
Manufacture, Weltliteratur der Farbenchemic 
The Journal of the Society of Chemical Industry, 
Arpewandte Chemie. C^cmiker Zeitung have 
puhfishcd papers on the subject. J K C 

CELLULOSE PLASTICS. 

CELLULOSE ESTER PL.4STJCS 
iNTBODrcnos — The cellulose esters which 
have developed to industrial importance are 
nitrocellulose and cellulose acetate The in- 
dustnal exploitation of both esters has deseloTied 
V or> rapidly during the present centurs At the 
beginning of this century the major induslrinl 
application of nitrocellulose, npirl from n«e in 
explosives, was in the manufacture of celluloid 
CelluIo«c acetate has been known since 1363 
During the War it was usd m the manufacture 
of aeroplane ilopes, but since then it has become 
of commercial importance 
The outstanding feature in (he maniifjotiire , 
of nitrocellulose celluloid is the ii<e of camphor, 
which IS a unique plasticiser. CelluIo«e oectate 
celluloid has two advantages over onliiiarv 
nitrorrlliiloae ccJluJoid — non-inflaminabilityand 
freedom from discoloration on exposure to sun- 
light, but ha* the disadvantage of lower tensile 


strength. The inflammability of celluloid has 
proved a senous drawback. Many large stores 
now refuse to stock celluloid articles because 
of the fire Ti«k Consequently synthetic resma 
have been used in the manufacture of many 
articles previouslr made in celluloid. 

The discoloration of nitrocellulose celluloid 
IS a drawback in some u*es of clear celluloid, 
for instance, in safety glass interlayers. Certain 
types of green glass, which lessen the passage 
of actinic rajs, have been employed in order 
to reduce the rate ofdiscoloration of the celluloid 
interU5er. Other manufacturers, however, have 
prefer^ to use a cellulose acetate interlajer. 
More recently the laminated type of safety 
glass has been largely replaced in Britain by 
heat hardened glass 

Photographic and cinema films are still made 
pnncipally from nitrocellulose. Certain “ safety” 
films are made from cellulo«e acetate, and cmema 
films for home use must he made from this 
ester. Scrap cmema film is emplojed by some 
manufacturers for the preparation of lacquer*, 
enamels and leatherclotb, but most manu- 
facturera prefer to start from a nitrocellulose 
of known properties Cellulose acetate is 8l«o 
cast into thin films. 0 001 in thick, used for 
wrapping and for electneal purposes 

Another type of cellulose acetate film now 
prepared is one which has a strengthening la^er 
of wire netting These films are used in cold 
frames and ereenhouses. being lighter and 
cheaper than glass ond, m addition, being claimed 
to have the advantage that the celiuloso acetate 
pemiits the passage of more ultra violet light 

Sheets of celluloid are moulded into various 
articles — toothbrush handles, brush backs, 
trinket botes, etc, at a temperature of about 
220*F. Attempts made to prepare nitro 
cellulose moulding powders have not been 
\6iy successful Fire retarding plasticisers, such 
as tricresyl phosphate, and fillers such as 
gypsum have been used to reduce the inflam- 
mabilily. The moulding conditions aro difficult 
and temperatures above 120°C are dangerous 
Cellulose acetate, on the other hand, is the 
basis of various types of thermoplastic mould 
ing powders which are wicCefy used especiafi'y 
in injection moulding. 

Tlte first artificial silk (or rajon) of any im 
portance was made from nitrocellulose by the 
Chanlonnct process. The nitrocellulose was dis- 
solved in an .alcohol ether mixture and spun 
into filaments by extruding through gla** 
capillaries After twisting, the yam was de- 
nitratexl m a mixture of sodium and ammonium 
hydrosulpludcs This Chardonnet process was 
gradually displaced by the cupramnionmm and 
later by the viscose process and was finally 
abandoneil in 1933 A very important part of 
the rayon output is now made from ccllulo«o 
acetate. In nil the«e industrial applications 
the cellulose acetate is the partially hydrolysed 
acetone soluble type with an acctyl value of 
52-56%. calculated as acetic acid 

The pixiduction of low v iscosity nitrocclluloscs. 
viscosity 10-140 c g s measured in 40?i solution 
jn 95% acetone, speeded the use of nitroccllulo‘‘e 
in the lacquer industry. Spraying, brushing 
and dipping lacquers and enamels have been 
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prepared, but the greatest production is in the 
spray type for ear finishes, furniture finishes, 
and interior decoration. Sjmthetic resins, 
particularly the phthalio anhydride-glycerol 
tj'pe, have gradually made inroads into this 
field, and some makes of cars are now being 
finislied in synthetic resin compositions. Nitro- 
cellulose dopes are also used in the shoe industry 
as adhesives, as stiffening dopes for toe-caps, 
ere., and as lacquers for grain and split leathers. 

Cellulose acetate has a restricted use for 
special types of lacquers. The two principal 
disadvantages of cellulose acetate in lacquer 
manufacture are the brittleness of films made 
from low viscosity cellulose acetate and its 
incompatability with resins. 

Recently a type of celluloid flake has been 
used in enamel manufacture. The advantages 
of such “ nitrocellulose chips are that the 
pigment has been thoroughly dispersed and 
thus grinding operations are eliminated. 

Various fabrics are coated with cellulose esters 
to produce bookcloths, artificial leather, etc. 
Nitrocellulose is principally used, the softener 
being castor oil, which gives the required soft- 
ness without stickiness in the final product. 
Papers are also coated with nitrocellulose com- 
position to attain water-proofness, moisture- 
proofness, decorative effects, etc. The widest 
outlet of this kind is at present in the coating of 
viscose film to render it moisture-proof. 

The foregoing industrial applications of cellu- 
lose esters have all been processes where solu- 
tions have been employed. This means that 
special precautions have to be taken to deal 
with the fire hazard from inflammable solvents. 
It also moans that there is an expensive loss of 
solvent unless a solvent recovery plant is used, 
and the latter is only justified in large factories. 
To overcome these disadvantages to some extent 
and to obtain certain working advantages, such 
as the use of higher viscosity lacquer base, 
aqueous emulsions of nitrocellulose lacquers 
have been prepared. This new method reduces 
the cost of manufacture of the coating com- 
position, enables the application of a greater 
weight of solids for a given solvent cost, and 
reduces the fire risks in manufacture. 

The properties of cellulose esters and cellulose 
ethers are compared in the section Cellulose 
Ether Plastics. 

Nitrocellulose Chips. 

Cclluloid-liko granules or flakes, clear and 
pigmented, are now marketed for lacquer and 
enamel manufacture and are generally known 
ns nitrocellulose chips or flakes. The clear 
chips arc eelhiloid-like flakes consisting of 
nitrocellulose and plasticiser. To prepare a 
lacquer the chips are dissolved in organic 
solvents, and resins, etc., are added to complete 
the" formulation. 

The pigmented chips, however, are claimed 
to have such advantages ns improved dispersion 
of pigment, freedom from settling in the final 
lacquer, better colour, and better weathering 
properties. The dispersion and wetting of pig- 
ments in vehicles is the most important p.art of 
paint manufacture, and to effect this dispersion 
paint factories arc cqu?' ped with various grinding 
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machines, rolls, ball mills, etc. The difficulty of 
this grinding and wetting out process becomes 
more evident when one considers that 1 g. of 
spherical pigment particles 0-7 micron in diameter 
and of density 4-2, titanium dioxide for example, 
presents a surface area of 2-44 sq. yds. and in 
the case of some carbon blacks 1 g. of pigment 
may have a surface area of about 160 sq. j'ds. 
Black chips are the best known type although 
various colours can be obtained. Carbon black 
manufacturers have developed chemical and 
mechanical methods of colloidally dispersing 
the pigment in lacquer vehicles of nitrocellulose 
and plasticiser, the product being in the form 
of dry, brittle, black flakes. 

The nitrocotton employed varies in viscosity 
according to the ultimate application of the 
enamel, but is generally of the low viscosity type, 
viscosity around 40 e.g.s. measured in a solution 
of 40 g. in 100 c.c. 95% acetone. Various 
common plasticisers such as dibutyl phthalate 
are used. The pigment content varies and the 
approximate composition range is : 

O' 

/o 

Nitrocellulose 55-67 

Plasticiser 20 

Carbon black 25-13 

In the preparation of enamels from these eliips 
the operation of grinding is eliminated. The 
chips are preferably dissolved and dispersed in a 
viscous medium. This may be done by dis- 
solving them in a solution of nitrocellulose in a 
rich solvent mixture ; or alternatively by 
soaking the chips in a relatively small quantity 
of solvent mixture containing a very small 
proportion of true solvent for nitrocellulose, 
thus causing the chips to soften and break up. 
The remainder of the solvent and the other 
enamel constituents are added to the viscous 
syrup. These operations are carried out in 
tanks fitted with slow stirring apparatus, con- 
tinuously in motion. The enamels can be made 
by simply adding the chips to the entire mixture 
of solvent, etc., but in such a case the prepara- 
tion will take longer, since there will be a 
tendency foi the chips to become tacky in the 
rich solvent, stick together, and form lumps 
which dissolve only slowly. 

The advantages which are claimed for enamels 
made from these chips are : 

(1) Greater depth of colour. 

(2) Greater resistance to exposure. 

(3) Greater gloss, rendering polishing un- 

necessary. 

Linoplastic. 

A nitrocellulose composition is the basis of 
certain types of linoleum. The nitrocellulose 
plastic replaces, partly or wholly, the linoxyn 
which is the binding material in ordinary lino- 
leum. The type of linoleum thus produced 
has better wearing properties, greater flexibility, 
and greater resistance to washing. The nitro- 
cellulose used has a nitrogen content of about 
12-2% and a viscosity of about 40 e.g.s. in a 
solution of 20 g. in 100 c.c. 95% acetone. The 
nitrocellulose is mixed with plasticisers and 
softeners such as tricresyl phosphate and castor 
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oil, the former bemg chosen for its fire retarding 
properties. A typical mixture contains 35% 
mtrocellnlose, 15% tneresyl phosphate, and 
50^0 castor oil. The plastic thus formed is 
incorporated on rolls with cork dust and ycDow 
ochre, the proportion bcinff approximately 
33 : SO : 17. Further quantities of filler, etc., 
may be added as desired (B.P. 3499S4). 

CElXCLOaE ACSTATE JIOCUll^Q PoWDEHS. 

Composition and iittkod of A/aitu/arture — 
The cellulose acetate emplojed in the manu- 
facture of mouldmg powders is the normal 
“ rayon " type, having an acetjl content eorre 
spending to 62-56% acetic acid, a hygroscopicity 
of about 11-12%, and a m p of 220®C . above 
which temperature it chars Scrap cellulose 
acetate rayon, celluloid, and films have been 
employed, hut generally in the cheaper types 
of mouldmg pouders and m black and* the 
darker colours, where the colour of the starting 
material does not matter For uae in most 
moulding powders the cellulose acetate is 
received in a granular condition, its soften- 
ing pomt IS lowered and Us flexibihtj m 
creased by incorporating plasticisers such as 
tnereajl phosphate, tnphenyl phosphate, dihutyl 
phthalate, diethyl phthalate, or triacetm. Tiie 
qnsntily Used is about 50^o of the neight of 
acetate but vanes according to the quantity 
of filler present. 

Incorporation is generally earned out m a 
muter of the Werner Pfleidercr type, and a 
(mantity of solvent, acetone, is sddM to help 
the mixing Fillers, generally inorganic matenats 
such as zinc oxide, chma clay, Lnrytes or blanc 
fixe are added. The quantity vanes, being about 
0 5% In translucent matenaLs, and 2-3% in 
normal opaque matenals, but is greater in the 
cheaper class of mouldmg ponder. Fillers, in 
general, while contnbutmg to the desired colour, 
transluceney, or opacity, tnereaso the density of 
the composition, reduce the tensile strength, 
and increase the bnttleness of the moulding. 
Colounng matenals are added and include 
inorganic pigments, lakes and dyes. The 
colounng matenals must not detenorate at the 
temperatures of incorporation and moulding, 
ep. roust withstand temperatures up to 
150“-1C0®C. A small amount of wax 0 1-0 5% 
may be adiled to ease the removal of the mould 
ing from the mould and to increase the polish. 

The plastic formed by preliminary mixing, 
which may take 10-30 minutes, is given a second 
incorporation on steam-heated rolls, of the type 
used in rubber mixing. Very thorough imxing 
takes place during this process The cellulose 
acetate is thoroughly plasticised, the pigment i 
dispersed, and the bulk of the solvent removed. ' 
The rolls are cored and provided with steam 
heating and water cooling. There is a certain 
amount of frictional heat. The rolls are heated 
to a temperature of 14(r’-150'C, the plastic 
being at a temperature of 120°-13(FC. The rolls 
run at diifercntial speeds, the front roll speed 
generally being 20-23 r.p m , the back roll 
15-20 r.p m , the speed varying with the size 
of the rolls. The front roll is kept the hotter 
and the crepe of plastic sticks to it. CoJonniig 
materials may sometimes be added at the roUmg 


stage in order to produce special eETeets. The 
plastic is rolled into a thin sheet which U removed 
from the rolls, generaUy provided with scraper 
blades for the purpose. This crepe from the 
rolls IS allowed to cool and then broken into 
pieces S-C sq in. in area, either by band or by 
pacing through a machme of the coke-crusher 
type. In certain cases, for example, production 
of tortoiseshell effects, the differently coloured 
plastics are used in such sizes in compression 
moulds. For most purposes, however, these 
larger pieces are ground, in a hammer type of 
disintegrator, to pass through a 20 mesh sieve. 

Moulding — Cellulose acetate plastics are 
permanently fusible. In moulding them the 
composition, generally m the form of a granular 
ponder, is heated to approximately 130”-160°C. 
and pressed into the shape of the mould. The 
moulding IS then cooled under pressure and seta 
more or less hard before removal There are two 
distinct methods of moulding such cellulose 
plastics, compression moulding and injection 
moulding, and each has its own particular use 
Compression moulding is employed pnjieipally 
in the case of large or medium sized mouldings 
of relatively simple shape. Injection moulding 
IS used for the production of small orticles or 
for articles of intneate shape 

Compression Moulding ~-Compnssion mould- 
ing, alternatively known as “ hot and cold 
pressing,” IS a relatively simple process The 
moulding powder is pour^ into a heated mould, 
the mould closed, heat maintained until the 
powder has become plastic and has filled the 
mould, which is generally fitted with a channel 
mlo which the excess or ” Flash ” flows. Pres 
sure u appbed and maintained while the mould 
end contents are cooled. The mould is generally 
cored and steam and cold water can thus be run 
through alternately during the moulding cycle 
One of the best examples of this type of mouldmg 
is in the gramophone industry, where shellac 
compositions are moulded into gramophone 
records at a rate of CO-80 per hour. The 
pressure exerted dunng the moulding of cellulose 
acetate powders is approximately j ton per sq. 
m The polish of the article depends on the 
polish of the mould. The mould is generally 
chromium plated and tbe moulding needs no 
after polishing, save at edges. 

Jnjrtlion Moulding,— In this methcKl of 
moulding the powder is run into a chamber, 
bested by a cod at IGO^C., where it becomes 
plastic. It IS then forced at great velocity 
through a narrow orifice into a cold mould. 
The mould is made of heavy masses of metal 
which require no cooling. The plastic is forced 
into It under considerable pressure, 7-10 tons 
per sq in. Not only is it possible to mould 
small and intneate shapes quickly in this way, 
but the finished moulding lias increased tensile 
strength and elasticity compared with a similar 
composition moulded by the compression 
method. A description of moulding mschfties 
and moulds is given m *' Bntwh Plastics Year 
Book.” 1932, p. 27. These machines can bo 
made to work automatically and the mouldmg 
time reduced to 15 seconds. The mould output 
per impression may be as much as 8 limes that 
of standard compression moulds with thermo- 
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getting materialg. Certain mouldings, such as 
those for electrical work, have metal inserts. 

Properties . — ^The following table of properties, 
which is abstracted from Chem. Slet. Eng. 
1932, 39, 656, refers to “ cellulose acetate press 
{i.e. moulding) powder.” 


Compression ratio — 
volume loose powder 
volume solid 


2\28-2-84 


Specific gravity .... 

1-30-1 -63 


usually 1 

Thermal expansion, 10-® per 


°C 

14^16 

Thermal conductivity 10~^ 


cal. per sec. cm. °C. 

5-3-8-7 

Softening point .... 

70°-150'’C. 

Electrical resistivity (by 


volume) 30°C., lOi” ohm 


cm.® 

6-2 

Breakdown voltage, 60 cycle 


volts per mil 

590-620 

Dielectric constant, 60 cycle 

7- 1-8-4 

Power factor, 60 cycle, per 


cent 

9-1-10-5 

Dielectric constant, R.F. 

4-3-5-4 

Power factor, R.F. per cent. . 

6-8-10 


(more 


Additional Data on Unfilled Cellulose Acetate 
Moulding Powder ( from Chem. and Ind. 
1936, 55. 36). 


Water absorption 

Tensile strength . 

Cross breaking strength . 

Impact strength . 
Permittivity . . . . 

Power factor at radio 
quencies . . . . 


. 1-9% by weight in 
48 hours. 

. 3,500-5,000 lb. per 
sq. in. 

. 11,000-13,000 Ib. 

per aq. in. 

. 10-16 kg. cm, 

. Ca6 

. 0 057 -0-059 


Comparison of Cellulose Acetate Moulding 
Powders with Thermosetting Moulding Powders. 
— ^The cellulose acetate compositions are per- 
manently fusible and so the scrap can be re- 
used. There is no curing or baking period so 
injection moulding can be carried out at a 
speed of 8 times that of moulding thermosetting 
resins. The cellulose acetate compositions are 
more flexible, and withstand rougher treatment. 
The electrical properties are better than those 
of phenol-formaldehyde or urea-formaldehyde 
rosins. During agoing there is no change in 
shape. They can be cemented with acetone. 
The colours are relatively permanent and free 
from the ■ yellowing of phenol-formaldehyde 
powders. 

The disadvantages include low softening point 
— acetate mouldings will not withstand tempera- 
tures above 80°-90'’C. They are attacked by 
mild alkalis. They absorb moisture (see Tables). 
They are higher in price, 2s. to 4s. per lb., but 
riio increased speed of moulding compensates 
for this in the case of small mouldings. 


CELLULOSE ETHER PLASTICS. 
iKTBODUcnojr. — ^The cellulose ethers differ 
essentially from the esters of cellulose in 


chemical structure and are more stable, in- 
capable of undergoing hydrolysis, and therefore 
resistant to acids and alkalis. Films and coat- 
ings made from them do not undergo dis- 
coloration on exposure to ultra-violet light and 
like cellulose acetate are relatively non-inflam- 
mable. The solubilities of the ethers vary, 
some being soluble in organic solvents, some 
dissolving in dilute alkalL, and some in water. 
The solubility of the cellulose ethers varies 
with the degree of etherification. Ethylcellulose, 
for e.vample, is soluble in alkalis, water, or organic 
solvents according to the degree of etherification. 
The following table summarises the solubilities 
of some known cellulose ethers, and shows the 
effect of the degree of etherification. 


Approximate Ntoiber of Hydeoxyl 
Groups replaced per CjHjoOj. 



Soluble in 
alkalis. 

Soluble in 
water. 

Soluble in 
organic 
solvents. 

Mcth}']- 

0-25 

1-2-1-5 

3 

cellulose 

(3-4% 

(22-2C% 

(44-45% 


— OCH3) 

-OCHj) 

-OCH3, 

Ethyl- 

0-25 

1-2 

2-2 

cellulose 

(5% 

(27% 

(47% 


— OCjHj) 

— OCjHs) 

-OCjHs) ■ 

Glycol- 

cellulose 

0-25 

(3-4% 

— OC.HiOH) 


Bcnryl- 

cellulose 



1-8 upwards 
(59% 

-OCHj-CsHs) 


The technical applications of these ethers 
depend on their solubility. The alkali soluble 
tjrpes have outlets in textile finishing. They 
could also be employed in the same way as 
viscose (cellulose xanthogenio ester) in the pre- 
paration of films, rayon, etc., and have the 
following advantages over viscose : 

(1) Their solutions are more stable, 

(2) The products regenerated from alkaline 

solution require no desulphurising, 

(3) The products require no bleaching. 

(4) There are no odours during coagulation 

corresponding to the odours which arise 
during the conversion of cellulose 
xanthate to cellulose. 

(5) There is no need for careful control and 

ageing of the solutions, a necessary 
procedure in the case of the alkaline 
viscose solution. 

(6) When freed from caustic soda they may be 

stored indefinitely. 

Water-soluble cellulose ethers, soluble in cold 
water and insoluble in hot water, form solutions 
similar to gum tragacanth, but do not become 
acid or ferment on storing. They are used 
industrially as emulsifying agents, fixing agents 
for printing and thickening agents for textile 
printing, where they possess advantages over 
starch and British gum. 

The types of ethyl- and benzylcellulose which 
are soluble in organic solvents have industrial 
possibilities similar to those of cellulose acetate. 
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Tlie cellulo'e ethers, how e\ er, are more expensive 
and 80 are only employed where their special 
chemical properties, such as freedom from 
hj droli'si', make them particularly suitable. 

Compamon of the Properties of Cellulote Etkere 
{Soluble in Organic Sohenls) uifA Cellulose 
Esters 

(1) iraJer Eesislance.— The bygroscopieity of 
certain types of cellulose ethers la low 


IlggroKopicity. "o *o 

Ethylcellulose (47% 

— OC.Hj) 2 — _ 

Benzyleellulose 0 9 2 45 

Nitrocellulase 2 0 4 6 

Cellulose acetate (ace- 
tone soluble) ... 36 111 

Mg /so in /hr 

.Ifoirture Permeability. 

Ethyleellnloae (47% 

— OC,H.) 2 54 4 39 

BenzjleeMose . . 0 8 120 

Nitrocellulose . . 1 15 309 

Cellulose acetate (ace- 
tone lolubte) . . 2 14 5 51 

By the addition of suitable plasticisers, waa, 
etc., the above figures can be reduced still 
further. These ethers hare therefore possi 
bilitics in moistoie proofing compositions. 

(2) Atid and Allah fiesielanee — Denzviecllu 
lose compositions arc unattached by refatively 
concentrated acids and alkalis, such as siilphunc 
acid up to accumulator strength, and caustic 
soda up to 60^^ concentration. 

(3) Jtelntue .Yon-ifljf<Jfnma6i/i<y. — It must be 
emphasised that non mfismmabihty is purely 
a relative term and all cellulose derivatives will 
bum if the temperature is sufficiently high. 
The cclliiloic ethers arc relatively non in- 
flammable compared with nitrocellulose and 
arc similar in inflammability to cellulose acetate. 

(4) Thervioplaslieity — The cellulose ethers 
dilTer from nitrocellulose which decomposes at 
higher temperatures and must be treated with 
care even at 120 C., and m this they again 
resemble cellulose acetate. Thistbermoplasticily 
may be u«cful ui certain cases, for examph 
heat sc.iling lacquers. 

(5) Chemical istabilily . — ^The resistance to the 

attack of acids and alkalis has already been 
note<], but the chemical stability of cellulose 
ethers is evinced m another form, namely, 
freedom from discoloration on exposure to 

ultra.vnolet light. In this they are supenor to 

nitrocellulose and similar to cclluloso acetate. 

(6) Specific Gravity. — ^Tho specific gravity of 
cellulose ethers is in some cases less than that 
of the esters. 

Spcciflr gravit). 

Benzyleelluloso I’2 

Ethylcellulose 1'2 

Cellulose acetate 1*5 

Nitrocellulose 1 55 


(7) Tensile Strength. — ^The tensile strengths ot 
films made from some cellulose esters and ethers 

« as follows : 

Lb per sq In 

Benzjlcellulose . . . 6,000-7,000 

Ethylcellulose . . . 7,000-8,000 

Cellulose acetate . . . 8,000-9,000 

Nitrocellulose . . 9,000-11,000 

(8) Cheap Sohents. — The solvents used for 
cellulose ethers arc of the hydrocarbon type 
rather than the ester type and therefore 
inexpensive mixtures can be formulated. 

BENZYLCEILfLOSE LaCQDERS. 

Benivlcetlulose lacquers and enamels are 
prepar^ in the same wav as nitrocellulose 
lacquers and enamels. The benzjlccllulose, 
however, is obtained in the form of a dry pale 
yellow powder. It is soluble m mixtures 
(80 • 20 by V olume) of aromatic hydrocarbons 
and alcohol Tlie best method of preparing a 
solution of benzy Icellulose is to w et the granular 
powder with industrial spirits and then add the 
aromatic solvent The solution may be made 
up m any of the types of stirnng, shaking, or 
tumbling apparatus commonly used m paint 
manufacture In preparing very viscous solu- 
tions or dopes, say 30-40% solutions of benzyl 
cellulose, an apparatus of the Werner Pfleidercr 
ty'pe IS the most suitable. The pigments are 
dispersed m the usual types of grmding or 
milling machinery There are no restrictions 
on the typo of pigment used 

SiAients for Bemylcellulose Uydroearbons. 

-Aromatic hydrocarbons such as benzene, 
toluene, and xylene have a gelatinising effect 
on bcnzylcellulose, and excellent solvent mix- 
tures are formed by the addition of 20% of 
industrul spirits. 

Aliphatic hy drocarbons bav c no solvent action, 
even when mixed with alcohol, but may bo 
added as diluents to some solutions. 

yllcoAoi*. — Aromatic alcohols, e g benzyl 
alcohol, are solvents. Aliphatic olcohols are 
not themselves solvents, but confer solvent 
power on aromatic hydrocarbons and on 
chlorinated solvents 

Ethers.— ATomniic ethers and mixed ethers 
_.-o solvents. Methvl celJosohc (the methyl 
ether of ethylene glycol) and l:4.dioxanc aro 
solvents. The latter, of course, is generally 
avoided because of its toxicity. 

Ketones — Ketones themselves are non sol- 
vents, but the addition of 29-CO^o benzene 
confers solvent power maome cases, e.g. benzene- 
acetone (50 : 50 by volume). 6'ycfchexanono is 
asolvent. 

Esters. — A certain solvent action is possessed 
by some of the lower fatty esters, but this is 
improved by the addition of 20% benzene or 
toluene. 

Chlorinated 5ofien/s.— Clilonnatcd derivati^ 
of ethane and ethylene with the oddition of 20^o 
industrial spirits form good solvent mixtures. 

Ethylene chlorhydrm and dichlorhydnn are 
both Bolvcnta for bcnzylcellulose. 

The beat plasticisers are : tncreay j 
phosphate, dibutyl phthalatc, dicresyhn (ditolyl 
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ether of glycerol). Others include triphen3d 
phosphate, bcnz5d benzoate, p-toluene snl- 
phnnilide, dibenzyl phthalate, butjd stearate. 
Of these, onlj' benzyl benzoate, dibenzyl 
phthalate, and dicresylin are soh'ents at ordinarj’’ 
temperatures. Tricres3d phosphate is a solvent 
at elevated temperatures. 

Chlorinated naphthalenes such as Seeka3'’ 
Wax may be emplo3'ed aS' plasticisers but in 
limited quantity ; at -0% and over they tend 
to crystallise out. 

Castor oil may be used as a softener. 

The benz3'lcelluiose film is softer and more 
flexible than either a nitrocellulose or a cellulose 
acetate film and consequentl3' a smaller propor- 
tion of plasticiser is required. 10-1.5% on the 
weight of benz3’lcellulose is generalty sufficient 
in the case of a clear film, while in pigmented 
films the proportion may be increased to 20%. 

The natural resins most suitable with benzyl- 
cellulose arc dammar and run Congo copal. 

Benzylcellulose Moulding Powders. 

Composition and Method of Manufacture . — 
The benzylcellulose used in moulding powder 
manufacture is generally a dibenz3’l ether of 
cellulose, a pale 3’ellow powder with a in.p. of 
180°C. Benzylcellulose is more thermo- 
plastic than most cellulose derivatives. No 
solvent is necessary in incorporating it with 
fillers, colouring matter, etc., in the preparation 
of moulding powders. 

The quantity of plasticiser used {see benzyl 
cellulose lacquers) depends on the percentage of 
filler present in the final composition and on the 
degree of flexibility required in the moulding. 
The plasticiser content is generally from 4-10% 
on the weight of benzylcellulose, but may vary 
above or below this. Tricres3’l phosphate helps 
to maintain the fire-resisting nature of the com- 
positions. The fillers used with benzylcellulose 
are mineral fillers. The quantity varies, again 
according to the properties required in the final 
composition, but the thermoplasticity of the 
benzylcellulose permits the use of higher 
quantities than in cellulose acetate moulding 
powders. The filler content may be even above 
50% and the compositions still be easily moulded. 
The increased proportion of filler means increased 
specific gravit3' and an increased weight of 
powder required for moulding. The fillers used 
include china cla3’, blanc fixe, bar3-tes, lithopone, 
zinc oxide and powdered asbestos. The colour- 
ing materials used include inorganic pigments, 
lakes and d3’cstufi‘s. 

The moulding powders are manufactured b\- 
roughl3’ mixing the benz3’lcellulose, plasticiser, 
filler and pigment, and then completing the 
mixing on hot rolls. When a large percentage 
of filler is used the bulk of the filler 11103' be 
added while the benz3'lcellulose and plasticiser 
ore mixing on the rolls. The incorporation, 
temperature, and speed of the rolls are similar to 
those used for the preparatoin of cellulose acetate 
moulding powders. The crepe is removed from 
the rolls, cooled, and ground into granular form. 

Motdding . — As in the case of cellulose acetate 
powders, moulding can bo carried out bi' the 
compression and b3' the injection methods. 
The temperature of the mould in compression 
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moulding is about 110°C., and the pressure is 
ton per sq. in. 

In injection moulding the temperature re- 
quired varies according to the quantit3' of filler 
in the powder. Most lightli' filled powders 
mould at temperatures of 130'’-140°C. Heavily 
filled powders ma3' require temperatures of 160°- 
170°C. These figures refer to the outside 
temperature of the reservoir or “ pot ” of the 
injection press. 

Properties , — 

Specific gravity .... 1 •2-2-0 

Bulk density 0-6-1-0 

Tensile strength — . 

(a) Compression moulded 2,400-3,700 lb. per 

sq. in. 

(b) Injection moulded . 3,780-5,520 lb. per 

sq. in. 

Softening point .... About 70°C. 
Electrical resistivity — 

(Volume) ohms per cm.^ . 2-30-3-21 x 10'^ 
(Surface) ohms per cm.^ . 2-40-2-50 X 10'^ 
Breakdown voltage (volts for 
0-1 minute) .... 2,000-5,000 
H3'groscopicity (72-5% satu- 
ration at '20°C.) — 

After 24 hours .■ . . 0-40-0-99% 

After 48 hours . . . 0-40-l-00% 

Exposure in 100% saturated 
atmosphere ; gain in 

weight 0-19-0-38% 

Immersion of benzylcellu- 
lose moulding in water — 

Gain in weight after 24 
hours (0'0007- 0-0011 
grains per sq. cm.) . . 0-23-0-40% 

Gain in weight after 192 
hours (0-0022 - 0 0041 
grains per sq. cm.) . . 0-67-1-24% 

The outstanding features of benzylcellulose 
moulding powders are their low hygroscopicit3' 
and their resistance to acids and alkalis. Mould- 
ings remain visibly unattacked after 15 months’ 
immersion in various strengths of sulphuric 
acid: 10% b3' volume (sp.gr.- ,1-098), 20%, 
30%, 40%, and 60% (sp.gr. 1-5888) at room 
temperature, 5% hydrochloric acid, and 5% 
acetic acid do not affect the mouldings. 

Alkali Pesistance. — Benz3dcelluloso moulding 
compositions resist caustic soda solutions of 
1-40% strength at room temperature and show 
remarkable resistance to alkaline solutions at 
higher temperatures. 

Benz3'lcelluloso mouldings also resist various 
aqueous inorganic solutions. (-V/IO potassium 
permanganate, 26% solution sodium thio- 
sulphate, 5% sodium sulphide, saturated solu- 
tions of zinc chloride, potassium chlorate and 
potassium iodide) for 8 weeks. A series of tests 
carried out shows that ink resistance is ver3' 
good, and the powders arc therefore useful in 
fountain jicn manufacture. 

Trade Nasies. 

A. T. Cellulose, Eth3-lcellulosc (see Cellulose 
Ether Plastics). 
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Bexoid . . Anon-mflammaWeorBafctycel- CEMENT r. UciLnpc JlATEBiiLs. 

luloid made from ceDolose CEMENTITE, an iron carbide, Fe,C, con- 
acetate {aee Cellulose Ester taming 6 9% carbon, is an important 'consti. 
Plastics). tnent of cast iron and steel (Abel and Dcenng. 

Celastoid . . Anon inflammable or eafety cel- Proc. Inst. 3Iech. Eng 1885, 30 ; MoUsan, 

luloid made from cellulose Compt. rend 1896,122,431) In steels contain- 
acetate (see Cellulose Ester ing 1 5% or more of carbon, free cementite is 
Plasties). found crjstallised in large pseudo hexagonal 

Cellastine . . A thermoplastic moulding pow. plates (Groth. Chem. Krystallographie, 1906, i), 

der made from cellulose and in practically all steels it exists with pure 
acetate {stt Cellulose Ester iron {ftmte), in the eutectic mixture called 
Plastics). ptarhie (Ledebur, Stahl u. Ei«en, 1S9S, 18, 

Cellomold . . A thermoplastic moulding pov- 743). 

tier made from cellulose It is very brittle and harder than hardened 
acetate (see Cellulose Ester steel or glass (H =6) (Muller, Stahl u. Eisen, 
Plastics). 1898, 18, 392), and its presence is the cause of 

Coblac . . Pigmented celluloid like flakes the hardness of “white” or “chilled” cast 

used for enamel manufacture iron (Howe, Metallographist, 1001, 177). It is 
(ate Cellulose Ester Plastics), recognised under the microscope by its hardness 
ColIore«in . . Jlethylcellulote (see Cellulose end resistance to etching 

Ether Plastics). As cokemte, it is present m meteorites (Wem- 

Fibetloid . . KitroceIlu]ose..caiDphorcelluloid echenk, Ann Museum, M'len, 1889, 4, 94). 

{««« (>l]ulo9e Ester Plastics). CENTAURY, CENTAUREA. Cniem 
Globlak . A vanety of highly pigmented benedielua, Fam Gentianaee*, Blessed Thistle, 
black nitrocellulose flakes contains the bitter tome cnicin, C«H„0 

1 $' 

used for enamel manufacture CENTRAL ITES. These are derivatives of 
(see Cellulose Ester Plastics), urea which are employ eU m the manufacture of 
Glutolin . . Methylcellulose (see CelluJose smokeless powders to a«sist m the geJatinisation 

Ether Plastics). of the nitrocellulose and also to act as stabilisers 

Flutacele , Cellulose acetate celluloid (see of the powders during storage Centrahte 1 
Cellulose Ester Plastics) consists of diethyldipbenylurca, Centrahte 

Pyralin . . 2<itTocelluIose-camphor cellu 2 is dimethyldipbenjlurea, and Centrahte 3 is 

loid (aee Cellulose Ester ethylmethyldipbenylurea. Of these, Centrahte 

Plastics). 1 IS used to a much greater extent than either 

RHodoid . . A cellulose acetate moulding of the other two vanetirs H S. 

powder. A cellulose acetate CEPHAELINE. Cephaeline was named 
cellutoid IS sold under the and Erst characterised by Paul and Cownley 
same name (see Cellulose Ester (Pharm J. 1894, [lu], 25, 111), who showed that 
Plastics) the ether soluble alkaloids of ipecacuanha eould 

Rhodophane . Cellulose acetate films (see Cel- be separated into phenolic and non-phenohe 
lulose Ester Plastics). fractions. The rhirf constituent of the phenolio 

Sicoid . . . CeIlulo<e acetate celluloid (see fraction is cephaeLne, ond that of the non- 

Cellulose Ester Plastics). phenolic fraction emetme, which Carr and 

I^losc . . Methylcellulose (ere Cellulose Pyman showed later (J.C S. 1014, 105, 1591) to 

Ether Plastics) be cephaeline mono-methyl ether. 

Xylonite Xitrocellulose-campbor cellu- Patents have been taken out by the following 
loid, O. T. for the preparation of emetine by the metliyla- 

CELTfVM. iViw.w iy- tMS cepiuteixK t H. & B’eikuimr, Jl !!. 

optical and magnetic observation, the existence Carr, and F. L. Pyman. B.P. 14677 and 17483 
of a white earth having properties intermediate (1013) by means of dimethyl sulphate and 
between those of lutecia and scandia, end named sodium methyl sulphate respcctiiely ; by 
the substance celtia or celtium oxide, Ct,Oy. Farbw. vorm. Meister, Luems und Bruning. 
Coster and Hcvesy (Nature, 1923, III, 79), O.P. 298678 (1916) by means of diaro- 
examining the X-ray spectra of a number of methane, by Chem. Fabr. xorm. Sandoz, B.P. 
minerals, detected six fines which they attn- 291088 (1028) by means of phenyltrimethyl- 
buted to the element of atomic number 72, and emmoiuuro hydroxide ; by J. W. Sleader, B.P. 
named hafnium, stating that celtium was 11717, I171B, 11719 (1915) ; 103881, 104C52. 
probably the same element. Uibam and Pau- 105722 (1916) i U.S.P, 1209575 (1917) ; and 
Tilfirr (Nature, 1923, 111,218), asserted that the by Farbw. vorm. Jlebter, Lucius und Brtining, 
lines observed by them were identical with those O.P. 301493 (1915) for the preparation of 
obsened by Coster and Heresy, and claimed honyilognes of emetine by the alkylation of 
priority for the name celtium. The controvert cephaehne with derivatives of alcohols other 
continued (Dauvilfier, Compt. rend 1023, than methyl alcohol. 

176, 676; De Brogfie and Cabrera, t6«f. Proptrttta . — Cephaeline and its salts have been 
p. 433 : Urbain, Chem. and Ind. 1923, 42, fully described by Carr and Pyman (le.). It 
764 ; Bratiner, ibid. p. 884 ; Hansen and has the formula, C^jH^O^N,, and contains 
Werner, Nature, 1923, 111, 461 ; Coster and one phenolic hydroxyl group, three methoxyl 
Heresy, ibid. p. 462; King, ibid. 1923, 112, 9), groups, one tertiaiy nitrogen atom common to 
but Ihenamehafnium is nowgenerallyaccepted two rings, and one secondary nitrogen atom 
for the element. contain^ in a ring. A probable constitutional 
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formula for cephaeline has been put forward by 
Brindley ancl Pyman (J.C.S. 1927, 1067). 

Cephaeline forms colourless needles from ether, 
melting at 115°-116° (corr.), [ajj, —43° in chloro- 
form (c=2), sparingly soluble in water, ether, 
or light petroleum, easily so in alcohol or 
chloroform. The hydrochloride B,2HC1,5 to 
THjO forms colourless prisms, easily soluble in 
water, melts at 245°-270° (corr.) when anhydrous, 
and is dextrorotatory. The hydrobromide is 
also crystalline. F. L. P. 

CEPHALANTHIN, C^jHa^Og, m.p. 181° 
[a]p -f20-2°, a bitter stuff from the bark of 
Cephalanihus occidentalis. On hj’drolysis it 
yields a sugar which is either glucose or 
galactose {Claassen, Pharm. Ztg. 1889, 34, 384). 

E. F. A. 

CEPHARANTHINE, CgjHjgOgNj, m.p. 
140’-145°, [a]^^ -f 204°, is an amorphous slightly 
yellow base which was found by Kondo, 
Yamashita and Keimatsu (Chem. Zentr. 1934, 
II, 3256) in the roots of Stephania cepJiarantha 
Hayata (Fam. Slenispermacea!) together with 
the alkaloid isotetrandrine. The alkaloid is a 
tertiary, non-phenolic base, it contains three 
OMe and two NMe hut no alcoholic OH 
groups; the three remaining oxygen atoms 
probably represent O-bridges. Apparently 
cepharanthine does not contain double bonds; 
it reduces ammoniacal silver nitrate but not 
Fehling’s solution. It is soluble in organic 
solvents except light petroleum ; for colour 
reactions consult Kondo e< al. {l.c.). It forms 
amorphous salts with 2 mols. of acid, e.ff. 
picrate, o.xalate, perchlorate, and chloroaurate. 

The first step of the Hofmann degradation 
yielded one crystalline raethin base (a! -methine), 
CjgH^jOgN j, optically inactive, m.p. 170°-171°, 
prisms and plates, giving a crystalline 
methiodide) and two amorphous methin bases 
{a-methine, CjjH^jOgNj, optically inactive, 
m.p. 143°, yellow, giving a crystalline methiodide 
and methosulphate, and P-meihiiie (no details 
known)). 

The a-methine base is identical with phac- 
anthine-methine A (Santos, Ber. 1932, 65, [B], 
474), although cepharanthine and phaeanthine 
are different. Ozonisation of a-cepharanthinc- 
methylmethine gave the G-metho.vy-diphenyl- 
ether-3 : 4'-dinldehyde identical with that 
obtained by ozonisation of tetrandrine and trilo- 
bine, and a base which yielded a yellow 
crystalline methiodide, CjgHjgOgNjIj-p H^O, 
m.p. 217°, (Kondo and Keimatsu, Amer. Chem. 
Abstr. 1935, 29, 7988). Although the con- 
stitution of cepharanthine is still unknown, 
the above results point to the fact that it 
belongs to the bis-coclaurine alkaloids (for a 
survey, cf. Kondo, Arch. Pharm. 1936, 274, 65). 

Schl. 

CERADIA. The product of Ceradia 
(Othonna) furcata Lindl. It is an amber- 
coloured oleo-resin with the odour of elemi 
(R. Thomson, Phil. Iffng. 1846, [iii], 28, 422). 

CERALUMIN r. Antovs, Light. 

CERARGYRITE or HORNSILVER. 
Native silver haloids, Ag(CI,Br,l), occurring as 
small holohcdral-cubic crystals and ns compact 
masses ivith a homy appearance and te.xture. 
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The material is soft (H.=2J), tough, and sectile, 
and cuts like horn. On exposure to light, it 
quickly darkens. The name “ homsilber ” was 
used by C. Gesner in 1565, and the Greek form 
cerargyrite was first used by F. S. Beudant in 
1832. After the recognition of the bromide and 
chlorobromide in 1841 and 1842, the name 
cerarg 3 rrite came to be applied more especially 
to the chloride. But as the different members 
of the group so closely resemble one another that 
that they can often only be distinguished by 
analysis, it is more expedient to include them 
as sub-species under the name cerargyrite (sec 
Prior and Spencer, Jlin. Slag. 1902, 13, 174), 
viz.: 

Chlorargyrite, AgCl. Grey or colourless, 

sp.gr. 6'556. 

Bromargyrite, AgBr. Greenish-grey. 

Embolite, Ag(CI,Br). Greenish-grey, 

lodembolite, Ag(Cl,Br,l). Greenish-yellow to 

orange-yellow. 

Isomorphous mixtures are the rule, and 
of these sub-species embolite, with chlorine 
and bromine in indefinite proportions, is the 
most abundant. Large quantities of these 
minerals have been mined as silver ores in 
Mexico, Chanarcillo in Chile, and Broken Hill in 
New South Wales. They occur in the upper 
oxidised zones of veins of silver ore, and have 
no doubt been formed by the action of salt 
waters percolating from above. 

Silver iodide forms a distinct mineral, 
{odyriie, crystallising in the hexagonal system, 
but at a temperature of 146° it passes over into 
a cubic modification. L. J. S. 

CERASIN. The insoluble constituent of 
cheny tree gum. 

GERBER IN, C^H^oOe, m.p. 191°, Mp 
— 74-8°, is the glucoside of the seeds of Cerbera 
odoUam. It is hydrolysed to glucose and eer- 
beretin (De Vry, Ber. K. Akad. Wien, 1864, 
Jan. 16) (r. Cabdiac Glycosides). E. F. A. 

CEREALS. 

^lAIZE . — Zea Mays Linn. ; Indian corn. 

This cereal has been cultivated from pre- 
historic times in North and South America, and 
is now widespread, its production being little 
short of that of wheat. It requires a dry, hot 
climate. Many varieties are known, white 
maize being favoured for human food in Europe 
and South Africa, yellow in America. The 
yield of the crop is high. 

The composition of maize varies less than that 
of wheat. It is remarkable for its high Iht 
content, about equal to that of oats. Analysis 
of an average mixed American maize gave : 

Diaest- 

, Ible 

Jlois- carbo- 

turc. Oil. Protein, hydrate. Fibre. Ash. 

O' 0/ O' O' 

fO ,0 /O /o 

12-55 4-37 1002 09-71 1-50 1-25 

(MiUing, 1933, 80, 231 ; 81, 513). The cha- 
racteristic protein is rein, more abundant in 
the outer layers than in the endosperm ; 
myosirt, vitellin, another globulin, and small 
quantities of two albumins have also been 
I isolated from maize. The protein content is 
affected by climate and especially bv' rainfall. 



482 


CEREALS. 


During rijjcning, globulin and glutenin increase 
at a u^orm rate ; zcui. at first present in small 
quantit}*, is formed rapidij as maturity ap> 
proaches. An accompanjing decrease in nater- 
soluble non*prote:n nitrogen indicates the 
svntbesb of zem from simpler amino compounds. 
The biuret reaction gives a reddlsh-tiolct 
coloration, uhich can be used to detect and 
estimate maize in the presence of siheat 
(Cz>'zew8ky, Z. ges. Getreide- u. Muhlennes 
1932, 19, 141). The principal carbohydrate 
present is starch, particularly plentiful in the 
hard grained varieties ; aoft'grained varieties 
are richer in fat (Dvorak, ilez^azdasagi 
Kutatdsok, 1933, 8, 156 ; iluhlenlab. 1935, 
5, 110). Less than 1% of sucrose is present 
nith a small amount of reducing sugar, also 
dextnn and furfuroids and pentosans up to 
about 5%. The fats (72% fluid, 2S% sobd) 
constitute about 28% of the embijo The 
latter is removed nhole in milling, m order that 
the flour shall not be rendered dangerous as a 
foodstuff by the oU turning rancid ; modem 
maize flour is almost completely free Dom oil 
Rancidity is promoted by spontaneous heating, 
and IS suppressed by keeping the moisture con- 
tent below 15% 5 It can be measured by the 
aridity of an alcoholic extract (Milling, 1933, 80 
231 : Mbhle, 1035, 72, 35). 5Iaize contains 
0 1-0 2^0 sulphur, mainly associated with the 
protein ; phosphorus is mesent as pbytin from 
aRer poUmation till earl} m germmation (de 
Turk, rlolbert, and Howke, J. Agrtc. Ret 1933, 
46, 121)> The mineral content of the gram 
depends on soil conditions, fertilisation, and 
rainfall; tables are given by Wolff, “Aschen- 
analysen"; Bertrand and Mokragnalt (Bull 
Soe. chim. 1025, tv. 37. 554); and Schrumpf 
Pierron (Compt. rend Soc Diol. 1032, 109. Cl^) 
The V itamm content ii also variable, vitamin 
A » present, mainly in the outer part of the 
ecido8]>cnn. associated with the }ellow colour 
{Me}cr, J. -tgnc.Rcs 1029, 39.707 ; ilaugeand 
Treat, J. Biol Chera. 1928, 80, 107 . 1930. 86. 
161, 167 : Mangelsdorf and Fraps, Science, 
1931, 73, 241), but IS gradually lost on storage 
(I'raps and Trcichler, Ind Eng Chem. 1933, 
25,465). Vitamin D IS lacking .Maize supplies 
suflicicnt vitamin E vihen it forms 20% of the 
diet. The use of maize, especial!} white maize, 
as human food is associated with pellagra, but 
the nature of the connection is not clear It 
haa been attributeil to unsound gram, and to 
the absence of ]}sin and tryptophan from the 
li}dro]}sis products of zem. Pellagra is pre 
ventctl by foodstuffs containing vitamin but 
as this vitamin is olso present m mauc its 
deficiency cannot be the sole cause of the disease 
Possibly some toxic Bub«tancc is responsible 
(Avkroyd.Nutr. Abe. 1033,3,337 ; ••Vitamins,” 
.Med. Res. Counc. 1032, p. 184). 

Maize IS largely used for feeing animals and 
poultr}'. Thenutritive value of the wbolegruo 
IS slightly inferior to that of wheat (Boas- 
Fixsen. Hutchinson, and Jackson, Biochcm. J 
1934, 28, 592), the prolcm being equal (Fixsen 
and Jackson, Biochcm. J. 1932, 26, 1019, 1923 ; 
1934. 28. 592) and the germ inferior (Biscaro 
and dc Caro, Quad. Nutriziono, 1935,2, 169) 
Its digcstihihty is second only to that of wheat. 


Its large oil content being detrimental to the fit 
of pigs, tlcgerraed meal is used for pig feedm" 
(Wo^nian and Evans, J. Agnc. Sci 1932, 22, 
670). The germ is usctl for poultry food and iii 
the manufacture of oil for soap, margarine, 
baking, salad oil, and stand oU for paints (Wil 
bom, Farbi-n Ztg. 1926, 32, 240). -Alcoholic 
dnnka arc made from maize, and a large vanet} 
ofmanuDctured products, the chief being starch, 
gluten feeds, com syrup, and dextrin. The 
fermentation of the stalks and cobs giv es acetone, 
a gas and a residue suitable for paper makiiv' 
(^ruff and Busncll, Ind. Eng. Chem. 1929, 21, 
1181 . 1930, 22, 031). Furfuraldehyde, anvl 
various perfumes, insecticides, etc., can aho 
be obtained (Govier, Amec. Jliller, 1933, 63, 
(l).90) E. AF. 

MILLET 

Millet IS a name apphed to a number of 
species of grasses belonging pnncipall} to the 
Families .Andropogone» and Panicca-, import 
ant as food for man anu forage for cattle, 
particularly m India. 

Andropogonex. — .4. jSoryAun* (great millet, 
sorghum, cholam, ]awar (dan), broom com, 
sugar sorghum, Kaffir com, durrha, milo mauv } 
The term “ sorghums " includes man} vanetii'. 
of the species ubuh have been known at various 
t imes as Andropogon Sorgh u m or Sorgh u in t ulgan 
Pcnieex Pameum, — P. miliacfum (Linn) 
(common millet, Indian millet, ragi, marua, 
Proso hog millet. Indian buffalo grass) 

P mtliart Laui (bttle millet) 

P Utanum Vasey (Texae mdJet or Colorado 
grass) 

P /rumtntactum Roxb (Sauwa uiillut 
Shamaeo. Deccan grass). 

P moximum Jacq (Guinea grass) 

P. dteompMtIum (Australian millet) 

P tunguinale Lmn (Polish millet) 

P Crus galh Lmn. (Japanese broom com). 
Ptnmsdum — P. typhoidenm Rith (pearl 
millet, Egyptian, or cat's tail millet, bajri). 

Setaria — S \taUca Beativ. (golden or Italian 
millet) . varieties of this constitute German 
millet or Hungarian grass, Japanese millet, 
Boer manna, and California green molia 
Other millets are ■ PaigaltiOi. scrobieulatuin 
Linn (Koda or Kodon millet) . PUusme 
coracana (African millet) 

The importance of the millets ina} be gaui,nl 
from the following figures, taken from the 
■ I.I..A Yearbook of .Agricultural Statistic-s" 
(1934-1933) 

India [iiielttding Xalite Stales) 

Hectare* 

Millet — rogi or marua (Panieum 

mdiaetHtn) 2.691,993 

l\*arl millet — bajn or combii 

(Pennisetuni lypfioideiiin) , . 8,261,521 

•Sorghum— tliolam or janar (dan) 

(An Iropogon Sorghum) . . . 14,667,445 

L'ni/ed Sla/es of Amenett. 

Sorghum (grain) 1,213,000 

Sorghum for forage — 

(а) Grom . . 1,850.000 

(б) Sweet 1,439,000 
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South Africa. 

Hcctarf?. 

.yiUet {Boer uianna) (Selarta italica) 11.344 

Sorghum (Kaffir com) .... 87,llS 

Proximate Anait/sis . — ^The fol!o\Ying .analj-scs 
{“ Food grtiins of India." Church, 1SS6 and 
1S91) will serve to show the composition of the 
seeds of many “ millets.” 

N-free 


Srccies. Water. 

Pro- 

tein. 

Fat. 

ex' 

tract. 

Fibre 

Crude 
. ash. 


o/ 

O' 

0 

o/ 

o/ 

O' 


<o 

<o 

,o 

tO 

lO 

<o 

Sor'jhicjn vitlijarc 

12-5 

9-3 

2-0 

72-3 

2-2 

1-7 

S(rnjhU7n vuhjttrc 

13-2 

9-3 

33 

68-0 

2-5 

IT 

Var. sacc/iciTatus 

12-8 

IVS 

3-0 

68-3 

3-0 

1-1 

rcnnisd*U7n 
titphoidetim ^ 

11-3 

10-4 

3-3 

71-5 

1-5 

2-0 

^ptaria itfJlicn . 

10-2 

10-8 

2-9 

73-4 

1-5 

1-2 

Faniatm— 
milhirc * 

10-2 

9-1 

3-6 

69-0 

4-6 

3-5 


12-0 

12-6 

3-6 

69-4 

1-0 

1-4 


12-0 

8-4 

3 0 

72-5 

2-2 

1-9 


13-4 

14-9 

4-1 

64-5 

1-i 

2-0 

Vuspitlmn 

scrobicvlaiitni 

11-7 

7-0 

2-1 

77-2 

0-7 

1-3 

Etcti^ine cvra- 
cartfz . . 

13-2 

7-3 

1-5 

73-2 

2-5 

2-3 

Kangoon millet 

12-4 

10-6 

3-1 

70-3 

1-4 

2-2 

Millet . . . 

12-9 

IM 

4-5 

50-5 

7-5 

4-5 

Phutra . . . 

11-5 

9-0 

3-8 

70-1 

3-6 

2-0 

Pearl millet 

9-2 

12-9 

5-1 

68-5 

2-1 

0.0 


1 

With husk. 





Sorghum. 

The following tables give the proximate 
analysis of the different varieties of sorghum, 
by various authorities, extracted from IVinton, 
“ Structure and Composition of Foods,” Vol. I, 
1934. 


CoirostTtoy or Varieties or 
SOKGKI'.M. 

1. Chamberlain. 

(I'.S. Dept. Agric. Bur. Chem. 1909, Bull. 120.) 

N-frce 




Fro- 


ex- 




IVatcr. 

tciii. 

Fat. 

tmet. 

Fibre. .Ish. 


.0 

.0 

<0 

-0 

,0 

<0 

Eilra ... 

. 10-91 

11-44 

4-34 

80-31 

1-73 

2'IS 

didjci’-i.iwar 

. 11-0-2 

10-13 

3-30 

S3 36 

1-57 

104 

Pavdi-ja«-ar. 

. 11-35 

8-87 

2-41 

85-31 

1-06 

1*73 

. . 

. 10-91 

14-50 

2-97 

78-99 

1-94 

100 

Itjusjrtra 

. 11-35 

13-81 

3-52 

79-96 

1-60 

204 

White mito- 







utai.te . 

. 12-80 

11-12 

2-65 

82-44 

0 . 

107 

White Katlircurn 12*10 

12-94 

0 . 

79-95 

2-32 

1*07 

White Kailir corn 12 o5 

11-56 

sw 

81-68 

1-78 

1*03 

Kcd Kuilir corn 

. 12-31 

10-06 

3-73 

83-13 

1-56 

1*31 

Pwarfuiile maize 11-84 

12-69 

3*41 

80-71 

1-65 

1*34 


2. Bale and Bolhgeb, 

(U.S. IX'pt. Agric. 1915. Farmers Bull. CSC.) 


rro- 
Water. tclii. 

O (.* 

.o o 

Milo inaiie , 07 O-S'I I'i-ot 
l'^rarf tuilo 

Iiiaiie . , 55 9 3S 1210 

Fcti'rita . , S 9- OS H CO 

lOaokhuU 

Katiircoru TS 9 0S 14 10 
I'wart' Kaltit 

cere . . 13 9 95 13 C9 

Kcd Kailir 

core . . 37 0-50 12-01 

Shaliu . . 10 19-3S 15 17 


N-frve 

ex. 

Fat. tmet. Fibre. .Vsh. 

t’ U O' t> 

'O ,0 vO Q 

3-15 71S9 VIS 1-C2 

3 27 72-09 1-47 1-63 

2- 90 70-32 V-tS 1-72 

3 47 09- to 1-5S 1-TS 
3 25 70 49 1-52 1-70 

3- 10 72-03 1-51 1-73 
3 09 OS SO 1-92 1-9S 


S. TFinton. 

(Conn. Agric. Exp. Sta. Ann. Rep. 1902, 33S.) 

N-free 



Water. 

Pro- 

tein, 

F.xt. 

ex* 

tract. 

Fibre. .\sh. 

Bnwm Corn ^ 

hong brush 

0 

lo'-lo 

0 * 

0 * 

0 


.•0 

evergreen 

. 12-63 

3-49 

67*90 

2 -& 

2*46 

E.xr!y J aeau 

. 12-32 

11-87 

3-52 

63*36 

3-84 

2*S9 

California . 

Golden . 

. 12-86 

10-44 

3-74 

C3‘34 

3-84 

3-2S 

Improved . 

dwarf . 

. 12-S5 

9-56 

3-20 

64-93 

6-19 

3*24 

Sugar Sorghum 
Earb' amber 

1 

. 12*37 

11-12 

3-74 

67-43 

3-08 

2*20 

Earb' orange 

. 13*00 

9-81 

3-05 

69-80 

1-99 

1*75 

White Kaffir 

corn * . 

. 12-66 

10-31 

3-30 

71-01 

1-44 

1-28 

Kcd Kaffir corn 

* 12-23 

10-62 

314 

71-42 

1-10 

1-19 

tVhite dwarf* 

. 12-20 

12-62 

3-95 

67-03 

1-53 

2-07 

Bron-n divarf * 

. 12-48 

22-25 

3-97 

08-45 

1-19 

1-06 

White miio 

maize * 

. 11-98 

11-19 

3*17 

70-92 

1-37 

1-37 

Yellow mllo 

m.ii 2 c* . . 

. 11-18 

10*31 

2*91 

72-08 

1-75 

1-77 

^ With chaff. 

2 

Without chair. 



4. Bidtrell and others. 


(l'.S. Dept. Agric. Bull. 1922, 1129.) 

Ether N-free 

ex- Fro- Crude ex- Pento- 

Ash. tract, tein. fibre, tract. Starch, satis. 
Kernels. % % % 2'o % % % 

Kadir . . 1-SO 4-10 12-70 l-SO 79-60 61-90 3-30 

Milo . . VS9 3-47 13-90 1-93 7S-72 68-52 3-95 

Fcferita . 1-79 306 16-60 S-S2 76-24 O-t-16 3-3S 


•5. Baird and Francis. 

(Ind. Eng. Chem. 1910, 2, 531.) 

Summary of 5 Analyses. 

N.ftec 

Pro- ex- 

tVatcr. tein. Fat. tract. Fibre. Ash. 

Kaffir Corn. % % % % % % 

Miuiimmi . . lt-26 11-37 3-46 65-33 VSS 1-20 

Maximum . . 13-45 12-S5 3-SO 70-83 2-90 V67 

Average. . . 12-36 12-11 3-63 6S-0S 2-30 1-43 

"The various millets arc largely used as fodder 
plants, but cases of death among: animah fed 
upon young plants (of sorghum in particular) 
have been numerous. It has been shown by 
Punstan and Henry (Phil. Tnins. 1902, A. 391)) 
th.xt the young leaves and shoots of Sorghum 
vulgare contain a glucoside. dhurrin, which 
readily hydrolyses by the action of an enzymo 
also present in the plant, yielding jo-hydro.xy- 
benzaldehyde, d-glucose, and hydrocyanic acid. 
These observations were confirmed by Leather 
in India (.Agric. J. India, 1906, 1, part HI. 
220-225). Brunnich (J.C.S. 1903. 83, 7SS) 
obtained ns much as 2-44 grains of hydrocyanic 
acid from 1 lb. of green sorghum at 5 weeks 
old. corresponding to 13-3S grains per I 16. of 
dry matter. The amount rapidly diminished 
as the plant grew : At 9 weeks old, the same 
sorghum yielded only 0-20 grain per I lb. of 
green material (0-76 grain HCN per 1 lb. dry 
matter). 

Willaman (J. Biol. Chem. 1917, 29, 25) states 
that hydrocyanic acid is present in sorghum not 
only as the glucoside dhurrin but in another 
form. He also finds that leaves subjected to a 
low temperature contain more hydrocyanic .acid 
in both forms than ordinary leaves, thus 
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explaining and confirming the general opinion 
that joung sorghum is especiaUy poisonous after 
a frost. 

Doncll (J. Agric. Res. 1919. 16. 175) found 
that sorghum cut after a drought contained 
00514% HCN. uhereas that grown under 
normal conditions contained only 0 0220')o* 
Pinckney (.f. Agnc. Res. 1924. 27, 717) 
reporte<l that the application of nitrates in 
crea«ed the HCN content of the plant. Tsuku* 
naga (Agric. Exp. Sta 5fanchunan RIy. Co. 
Res. Bull. 1931, No. 2) found that the leases of 
sorghum contained 0 0358-0 1066% HCN and 
records \ anations associated vi ith seed colour, i 
Aeharja (Indian J Agnc. Sci 1933, 3. 851)! 
has studied in detail the development of HCN 
in choJam (sorghum). i 

The HCN is best determined by permitting! 
the auto enzymic decomposition of cyanogenetic I 
substances m HjO extracts of macerated ' 
material (48 hours) with subsequent distillation 
and determination of HCN by customary 
methods Addition of CHClj or toluene to 
extracts, as a prfscr\ati\e, does not check the 
action of the enzyme. The HCN content of 
choJam m (he early stages of growth is high 
anddeclincasteadilyto a minimum at the flower- 
ing stage. High X alucs occur in droughted plants 
and secondary grow ths Leaves conUm more 
HCN than stems or roots. The total HCN and 
the percentage in dry matter are low in the early 
znornmg. rising to a maximum at approximately 
2 pm. and declining rapidly after 6 pm. Seed 
lings grown in darkness have as much HCN 
as those grown in light. Drying cut plants u 
the sun reduces their HCN content by 3<M0% 
and in the shade by 10%. Heating at 100'* for 
several hours or brief immersion ui lO^o aqueous 
H|80. destroys the cyanophoric substance, 
and only traces of H C N remamed m planis after 
ensilage for 2 months. Poisonous plants are 
detected by means of the starch accumulation 
m the stems. Acharya'a work confirms that of 
Wilhman in that the presence in chohm of 
CN substances m forms other than glucosides 
IS indicated. 

Brunnjch (1 r ) was also able to detect hydro- 
cyanic acid in several other varieties of millet. 
Tsukimaga (1 c.) confirmed this. 

When jiiftiriently grown, hoHever, the variova 
millets afford good fodder, and the smaller 
varieties nutritious and palatable bay. The 
foDoaing are analyses of some millet hays grown 
m the Transvaal : 

N free 

Pro- cx- Crude 

Water telD. Fat tract Hbre. Ash 


in Its decomposition products and certain 
physical characters. From a 70% alcohol 
Bolntion, in which it is less soluble than zem, it 
readily coagulates on oierhcating. 

The nltimste composition of kaflinn u 
obtained by Johns and Brewster is as follows : 


Carbon 
Hydrogen 
Nitrogen . 
Sulphur . 
Oxygen . 


. 5519 
. 7 36 
. 1644 
. 060 
. 20 41 


Pocr maona . 7 
i)a)i)en id 1)I< t 7 
(^IlfomUn Breen 
nioba . . 6 


10 S 12 33 0 33 6 93 
CB 12 33 8 31 8 88 


ProttiM . — ^The principal protein of Kaffir 
corn and doubtless of allied if not all xaneties 
of the species is ka£trin, a prolamine, first' 
isolated by Johns and Brewster (J. Hiol. Chem. 
1916, 28. 59), constituting more than half of 
the protein of the gram. It is similar in ulti- 1 
mate composition to rein, of maize, but dtffen 


Amino Acida of Kaffirin . — Hydrolysis hy 
Jones and Johns (J. Biol. Chem. 1918, 36, 323) 
yteldcd the following . glycocol none, alanine 
8 08, valtne 4 26, leucine 15 44, cystine 0 84, 
aspartic acid 2 27, glutamic acid 21'23, tyrosine 
5 49, phenylaianifle 2 54, probne 7 8, tryptophane 
present, argminc 1 59,l\8me 0 95, histidine 1-12, 
and ammonia 3 46% Total 74 87%. 

Narayuna and Noms (J. Indian Inst. Sci. 
1928. IIA, 04. Table 4) in companng 
cicusinm (p. tnfra, p 488) with kaffirm and 
sorghumin gns the nitrogen distribution as 
follows 

Ksffirln Sorghumlg 

Iron Serffium 

A Sorghum * nlgort ' 


Amide 

20 76 

18 96 

Humm. 

1 35 

3 08 

Arginine 

3 92 

4 83 

Histidine 

1-71 

1 19 

Cystine 

1 23 

0 92 

Lysine 

248 

3-45 

Ammo 

. 66 85 

60 01 

Non-ammo 

0 32 

6 33 

• Expressed a: 

1 percentage! of total nitrogen. 


Jones, Ger.«dorfr and Moeller (J. Biol. Ciihm. 
1924, 62. 183) obtained the foUowmg figures in 
two preparations : 


Cystine .... 0 55 0 53 

Tryptophane . , Id? 0 73 

A'ltn^en Distribution in Ka^r Com ProUin . — 
Dowell and Menaul (J. Biol. Chem. 1921, 46, 
437) obtained practically all the protein matter 
of the gram by extracting with dilute alkab and 
precipitating with acetic acid. 

Determinations in this material by Van 
Slyke'a method gave the following results : 


Nitrogen is: 

Kumin adsorbed by bme 
Humm in amyl alcohol exti 
Cystine . . . 

Aigmine 
Lysine 
Histidine . 

Ammo in filtrate . 

Non ammo m filtrate 
Amide .... 


i') 

. 090 
. 241 
. 1-05 
. 1-79 
. 74 95 
. 7 20 
. 8 40 


Fat or Millets aso SoBontrMS.--Ana1yi« 
by Bersch (Landw. Versuchs-Stat. 1893, 46, 
103): 



Rough millet . 
Bran . 

Polish . 
Decorticated . 


Sap. no. 
216 

213-216 

210-212 

213-214 
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Iodine no. 
60 

58-59 

58 

56-61 


Smith and Waller (Anal 3 ’st, 1933, 58, 319) 
give the characteristics of three specimens of 
millet oil from Panicum miliaceum and of the 
fatty acids and unsapoiiifiable matter extracted 
from the oil. 


Table I. — Physical and Chemical Chabactekistics of Millet Oil. 


‘ 

I. 

II. 

III. 

licrsch, 

Fabris it 

Duubar & 
Binne- 

Koryo oil 
Japan, 


1030 crop. 

1931 

crop. 

180.1. 

1907.' 

1920. 

1930. 

Sp.gr. at 25°/25°C. . 

09076 

0-9194 

0-9120 


0-9275 

(15“C.) 

0-9228 

(22-5“C.) 

0-9206 

(20'’C.) 

Refractive index, . 

I-4G20 

1-4664 

1-4648 

— 

— 

— 

1-4649 

Saponification value 

166-8 

182-8 

183-8 

210 

183-8 

181-5 

183-0 

Acidity (as oleic), per cent. 

31-9 

36-6 

43-1 

— 

— 

11-9 

20 

Acetyl value .... 

18-0 

— 

— 

— 

— 

39-2 

— 

Unsap. matter, per cent. . 

4-9 

3-1 

4-4 

— 

— 

2*5 

5*4 

Iodine value (Wijs) 

132-2 

129-1 

130-5 

60 

130-4 

(Hubf.) 

114 

Bromine value .... 

— 

85-3 

80-2 

— 

— 

— 

— 

Calculated iodine value 

— 

134-9 

127-2 

— 

— 

195-5 

— 

Neutralisation value of 








fatty acids .... 

197-8 

198-6 

198-6 

— 

— 

— 

— 

Iodine value of unsaponifi- 








able matter .... 

i 



143-4 






Table II. — Fatty Agios extr.acted froji JIillet Oil. 



I. 

1930 crop. 

n. HI. 

1931 crop. 

Fabris & 
Settlnij, 
1907. 

Dunbar A- 
Binne- 
wies, 
19-20. 

Koryo oil. 

Appearance 

M.p. (capillary tube method) . 


Liquid w 
crvstallin 
23°-24°C. 

ith slight 
e deposit 
22°-23'’C. 

26°-27"C. 



Iodine value 

— 

136-8 

96-6 

— 

— 

— 

Bromine value 

— 

85-9 

87-2 

— 


— 

Calculated iodine value ' . 

— 

136-3 

138-4 

— 


— 

Thiocyanogen value (15 hours) 

— 

78-6 

77 

— 

— 

— 

Calculated composition, per 
cent. — 







Oleic acid 

— 

22*7 

17-4 

— 

— 

— 

Linolic acid 

— 

64-2 

67-8 

— 

— 

— 

Saturated acids .... 

— 

13-0 

14-0 

— 


— 

Lead salt and alcohol separa- 
tion — 







Solid acids, per cent. 

— 

7-0 

6-6 

15-5 

14-7 

28-4 

Iodine value 


2-6 

2-7 

— 

24-4 

13-1 

Liquid acids, per cent. . 

— 

93-3 

93-4 

84-5 

85-3 

71-6 

Iodine value 

” 

1281 

127-6 

146-3 

123-8 

120-0 


The unsaponifiahle matter consists largely'’ of 
a substance (m.p. 2S5°C.) composed of C 84-5%, 
H 11-8%, and O 3-7%. This is probablj- 
identical with the “ Panicol ” of Knssner (1888) 
and “ Prosol ” of Dunbar and Binnewies (J. 
Amer. Chem. Soc. 1920, 42, 658). A chloroform 
solution gives no coloration with sulphuric acid. 
The Liebennann-Burchard test results in the 
slow development of a violet tint. The oil 


contains no vitamin A. Smith and Waller 
agree with the suggestion of Dunbar and Binne- 
wies that the saturated acids consist of a large 
amount of palmitic acid and smaller amounts 
of camaubic and daturic acids. The un- 
saturated acids consist of oleic, linolic, and 
jsolinolic acids. Winton (p. 113) tabulates 
anah-ses of Kaffir com oil b\’ Baird and Francis 
(Ind. Eng. Chcm. 1910, 2, 531) and of feterita 
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and xiiOo oil by i'rancis and Friademann 
(Oklahoma Agric. Exp. Sta. 1917, Bull. 117): 


Soorre of Ref Mp. nen^ Sapon. Iodine, 

oil. Sp er. fod. ‘C. no. no. no. 

Ckffirrorn 0-939S 1 4GC9 44 2 CS 1 193 6 109 7 

reterlU O-02CO 1 4651 44 7 — 187 3 — 

>11)0 malte 0 9375 1 4675 43 9 — 189-5 — 


Bekhert* acids 'Lnsap 

Soern of Uclssl Rehner Aret}l liter matter 

oil no no. no 'C •, 

Kamreora 43 932* 423 34 0 1 72 

Feterlta . 30 95 1 268 30 6 084 

into malic 13 916 20 4 29 7 0-05 


There is marked difference in the fat coalenu 
of the malts. Cholam contains 4 1% of fat, 
matnly fatty acids, whereas barley contains 
mainly nentral fat. The high fat content 
of cholam tends to reduce the amount of extract 
obtainable from the malt. 

Cholam amylase is more acti\ e in its liquefying 
po«er than barley amylase, but the reverse is 
true of ita sacchanfying power; hence it is 
beheved that the enzymes are not the same in 
the two grains. 

By the action of cholam amylase on potato 
starch Patwardhan (J. Indian Inst. Sci. 1930, 
13. A, 31) obtained four different de-ctnns. 


In most respects the characteristics of the 
fats of the three sorghums agree closely with 
each other. L'eno and Kuzei (J Soc. Chem 
Ind Japan, 1930, 33, 433} obtamed from Man- 
ebunan gram .SorgAiim ru/gare, 3% of a pleasant 
smelling, brown, pasty oil (Kotvo Oil), conataots 
as m Table I. 

The yellow-brown fatty auds deposited a 
small amount of Solid acids at 16° and had 
oapoDification value 197, iodine value 1195, 
the liquid fatty acids (71 6%) and solid acids 
(28 4%), m p. 53 9*-54 6®, separated by the lead 
salt-ether method, had respective iodine values 
120, 13 1 ; saponification values 193 7, 315 3. 
After SKtylation the unsaponifiable matter 
yielded 7'9S% of a hydrocarbon (m.p 60 5®- 
61 8*), ateiyl acetates (m p. about 64®) and 196% 
of a frietion aystalLsing at 31 5® having acetyl 
value 104 S, and containing higher aliphatie 
alcohols 

The unsaturated fatty auds consisted of oleic' 
and lineoleie acids, 2 . 1, and the saturated acids 
mainly of palmitic acids. Steger and van Loon 
(Rec. trar. chim 1934, 53, 41) obtamed a fatty 
oil from Eanicum miltaeeum which contained 
3 3% of onsapomfiable matter and 88-7% of 
fatty acids, comprising saturated acids 10 7%, 
oleic acid 23 9%, Imoleic acid 46 9%, Imolemc 
acid 7 2^0. 

CxBBortTDBaTES (KaSIr com). — Baird and 
Francis (I.C.). 


Dcctnn I has[a] -I- 174 0® 

,. II .. -fl35 9® 

.. Ill .. -1-170 6® 

IV ,. -{-184 2® 

\iswanath and Suryanamyana (J. Inst. 
Bren. 1925,31, 425) found that both at low and 
high temperatures the hydrolysis of starch by 
cholam malt is slower than that by barley mail 
in the earlier stages, but eientually the rate fur 
cholam malt oiertakes that for barley malt. 
They concluded that two enzymes were cou 
cemed m the reaction an amylase converting 
starch into dextnn and a dextnnase further 
hydrolysmg the dextrin to maltose 

Acbarya (Indian J Agric. Sci 1934, 4, 476) 
has studied the hydrolysis of starch by enzy mes 
m the malt of cbolam The optimum reaction 
and temperature of tbe active maltase arcpn 4 3 
and 48® respectively, thus resembbng that of 
maue and barley. A study of the UquefyiDi 
and saccharifying properties of the diastases 
cholam and barley malt indicates differ- 
ences which are due to different contents of 
a-andfiamylaae. 

^L(^£ItaL CoxsTiTC£S'« — Ash analysis of 
four samples of Kaffir com hy Baird and Francis 
({.c.) are summarised by Wuiton as follows : 

K^O N»0, &0 M*0 Fe,0, 

Minjoum .24 83 0-94 1 46 15 25 1 18 87 47 

UaximUDi 29 78 2 42 2 15 18 80 2 08 46 72 

Aveisge . . 27 17 1 18 180 17 34 157 43 04 


Feoto- Galac- Gin- Su- ex 
Starch, sans taos eose close, tract 

Mlnimcm . 57 12 3 79 0 10 134 0S7 66 16 

lUxlmum . 6071 sot 021 1 44 080 CS 44 ' 

Avense . 58 86 4 33 0 15 1 39 0 53 67 33 

Ekzwes — Bidwell «< al (I c.) record malting 
expenmenta with the kernels of the gram sor 
ghums. nido and fetenta, rompanng tbe results 
with those obtamed from Kaffir com and maue. 
They do not consider the kernels suitable for 
malting purposes. The protein content of 
fetenta is higher than that of the other grams. 
The homy endosperm m each ca>c lias more 
protein than the starchy endosperm. Tbe germs 
of the sorghums are \ ery similar in composition. 

Tbe amylase of cholam (5'orgAim rulyare) has 
been studied and compared with tbat of sprouted 
barley by Patwardhan and Xoms (J. Indian 
Inst. Sci. 1928, 11, A. 121) and Xarayanamorti 
and Xorris (J. Indian Ihst. Sci. 1929, 11. A, 
134). 


Sllnlmum . 0 17 0 06 

Maximum . 122 4 15 

Average . 0 52 2 16 


044 

058 

0-49 


288 
573 
4 00 


ViTAsn>s. — M. C. Smith (J. Agric. Res. 1930, 
40, 1147) compares the \ itamin A content of the 
gram sorghums began and yellow railo with 
yellow maue Yellow maize is 20 times as nch 
m vitamin A as began ond 10 times as nch as 
yellow imlo. Copeland and Fraps (Texas Agric. 
Exp Sta. Bull 1932. No 473) fed sorghum silage 
to dairy cows snd found that it was not possible 
to give sufficient to pro5 ide the normal \ itamin 
A requirements for mamtamanec, while the milk 
produced had a low and variable vitamin A 
content. Fomin (.\rch Tierernihrung u. Tier- 
zucht, 1932, 8, 150) found tbat green sorghum 
contains a sufficiency of Mtamin C, but to pro- 
vide normal requirements of vitamin B it must 
constitute 20*5o of tbe ration. By the ensilage 
ofaorghum the content of B and C is reduced, 
but vitamin D is unaffected. Reder (Proc. 



CEREALS. 


487 


Oklahoma Acad. Sci. 1934, 14, 50) gives values 
■for the content of vitamins B and Bj- 

SoBnnvji Juice axd SyKur. — ^Martin and 
others (.1. Agric. Res. 1931, 42, 57) examined the 
leaf and intemode juices of seven varieties of 
sorghum and determined their freezing-point 
depression and conductivity. The total solids 
of the intemode juices varied from 6-5 to 14'3%. 
Honey sorghum yields 15-238 (average 75) 
gallons of syrup per acre ; 30-45% of the 

Height of the cane is obtained as juice. The 
sugar content varies from 5'7-14-7% (Ark. 
Agric. Exp. Sta. Bull. No. 241, 1929). The 
most important source of colour in sorghum 
syrup is la;vulose. According to Willaman and 
Easter (Ind. Eng. Chem. 1929, 21, 1138) the 
colour value as measured by the Pfund colour 
grader varies linearly with the logarithm of the 
concentration (in degrees Brix) and with the 

The iron content of sorghum syrup is high 
(0-0147%) owing to the acidity of the original 
juices and evaporation in iron pans (Sheets and 
Sulzby, .1. Home Econ. 1934, 20, 431). 

The jollying of sorghum syrup on evaporation 
and the difficulty in filtration are due to the 
presence of starch. Preliminary' treatment of 
the juice with malt diastase greatly increases the 
rate of filtration and prevents the jellying of the 
finished product (Sherwood, Ind. Eng. Chem. 
1923, 15, 727, 780), Willaman and Davison 
(Ind. Eng. Chem. 1924, 16, 609). 

Pnysioi.ooicAL Chemistey of Soeguum. — 
-Acharya (Madras Agric. J. 1931, 19, 157) 
has done some experiments on the growth and 
rate of adsorption of mineral nutrients. The 
tissues are richest in plant nutrients at the 
flowering stage or immediately following it. 
Taking an average crop of cholam to yield about 
1,000 lb. of grain and 2,000 lb. of dry straw per 
acre, the mineral nutrients removed bj' the crop 
are, per acre : 

Nitrogen 35 lb. 

Phosphoric acid . . . . in lb. 

Potash 32 lb. 

Potash fertilisers increase the total sugars 
and sucrose in sorghum (Poromarenko, Nauk. 
ZapiskiTzuk. Prom. 1933, 10, No. 27, 165). 

Miller (J. Agric. Res. 1924, 27, 785) measured 
the daily variation of carbohydrates in the 
leaves of sorghum and maize and found that the 
amount of dry matter per unit leaf area was 
always greater in the sorghum. 

In connection with storage Coleman and others 
(U.R. Dept. Agric. Tech, Bull, 1928, No. 100) 
measured the respiration of grains and found 
that at high humidities damaged kernels respire 
more vigorously than do normal kernels. 

Valuable crosses between sugar cane and 
sorghum have been developed ; Viswanath and 
others (Indian J. Agric. Sci. 1934, 4, 210) have 
experimented -with these crosses and have 
recorded the analysis of the juices in relation to 
the maturity periods. 

Antoniani (Atti R. Acad. Lincei, 1935, [VI], 
21, 192) records the enzymic transformation 
by the embryos of Sorghum saccharatum (sugar 
grass) of sodium phosphoglyccratc into pyruvic 
acid, the yield of the latter being 25-27%'of the 
theoretical. 


V. Cuciilescu (Z. Unters. Lebensm. 1934, 68, 
651) gives the analysis of the seeds, stems, and 
sjT-up of sugar grass. 

Masufactube of Bleached Pule feom 
SoKCHUM Stalks. — Yamamoto (Rept. Lab. Sci. 
Manchuria Rly. 1929, 26 ; J. CeUulose Inst. 
Tokyo, 1928, 4, 53) digested the stalks first with 
■water at lOO^-WO® for J-1 hour, and then with 
12% of caustic soda at 130°-140° for 3-4 hours. 
A 46% yield of light brown pulp was obtained 
which bleached with 2-97% of avmilable chlorine, 
giving a' 36% yield of bleaehed pulp. It is 
estimated that the annual production of stalk 
is about 14-4 million tons. 

Common Millet. — Fanicum miliaceum L. 

Composition of common millet and products, 
Bersch (Landw. Versuchs-Stat. 1895, 46, 103) : 

N-frcc 

Pro- cx- 

Watcr. tein. Fat. tract. Fibre. Ash. 

O' O' O/ O/ 0/ O' 

/O 'O /O /O /O /O 

Hough millet . 0-40. 11-5G 3-29 62-97 10 00 2-S8 

Bran . . . 30-27 6-68 2-33 19-50 52-50 8-72 

Brjin . . . 9-65 6-25 2-38 28-58 43-78 9-36 

Polish . . . 8-83 18-06 18-48 35-02 11-07 8-44 

Polish , . . 9-00 18-37 lC-50 42-61 6-38 7-14 

Decorticated 

milletJ . . 9-77 13-00 2-84 72-99 0-40 0-88 
Decorticated 

millet 1 . . 9-10 11-40 2-81 75-14 0-23 1-20 
' Extreme sizes. 


Chamberlain (i.c.) gives the analysis of 38 
samples of Proso. The range and average 
composition are : 

Pro- 
tein N-freo 

(jV X cx- 

IVatcr. 6-25). Fat. tract. Fibre. Ash. 

CZ O/ C/ 0/ 0/ o. 

/O /O /O /O /O /o 

Jlinlnuin) , . 8-15 10-0 2-88 65-09 4-58 2-78 

Maximum . 10-93 17-94 3-78 75-22 10-89 5-65 

Average . . 8-93 12-77 3-27 71-23 8-95 3-78 


Peoteiss (Winton op. cit., p. 125). — In 
samples analysed by Bersch (I.c.) the protein 
nitrogen and amide nitrogen in millet and its 
products were as follows : 


Rough millet 
Bran 
Polish . 
Decorticated 


Protein N Amide N 

1-83 0-02 

0- 96-1-04 0-03-0-04 

2-71-2-79 0-09-0-23 

1- 76-1-94 0-01-0-33 


The nuclein ranged from 0-70 in the polish to 
0-40 in the decorticated millet. 

Cakbohydeates (Bersch, I.c.). — 


Rough millet 
Bran 
Polish . 
Decorticated 


Starch. 

62-56 

19-03-27-83 

.34-12-41-59 

72-56-74-40 


Sugar, etc. 
0-31 

0-47-6-75 

0-90-1-02 

0-37-0-74 


Miheeal Cos’s-nTUEKTS. — ^The composition 
of the ash of millet, given by Haskins (Mass. 
Agric. Exp. Sta. 1919, Spec. Bull) in terms of 
parts per thousand of the grain, as recalculated 
by Winton in percentages of the ash : 

Dndctcr- 

KjO Ni,0 OO MgO PjOj SO, Cl miued.* 
11-2 1-1 0-7 9-5 22-0 0-3 0-3 .54-6 

' Mostly silica. 
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Konig reporta similar figures including sibca 
66% (Chem. Menseh. Nahr-Genussm. Berlin, 
1920, 2. 873). 

Pearl Millet. —Pennisetum amenVanum 
Schum=P. tyhoideum Rich.=P«ni'eiUar»a ajneaUt 
Willd. Extensively gron-n m Africa, India, and 
other Asiatic countries. In sub-tropical Europe 
and America it is grown as fodder. In Afoca 
It IS known as ducbn or doban. 

Chemieal Compoatiton. — As analysed by 
Church (Watts' Diet. Econ. Prod. India. 
Calcutta, 1889, 6, Part 1, 30), and Balland 
(Comp. rend. 1902, 135. 1079) . 

Nfree 

Pro- **• 

tVater teln Fit tract Fibre Ash 

Chnrch .113 10 * 33 71 5 15 20 

BilUnd— 

.Mlnlnam 11 0 8 78 2 35 flO 07 1 35 0 30 

Maximum 14 0 1010 0 25 71 17 3 85 2)0 

Italian Millet (.Setaria ttaliea). — Kondo 
(Imp. Jap. Inst. Nutrition , Bull. 8oc hvg. ah 
ment, 1027, 15, 491, 524) records the following 
analysis : 


Water . 

Crude protein 
Albuminoids . 
Fat . . . 

N-free extract 
Fibre . . 

Ash 


. 13 37 
II 12 
10 38 
5 32 
. 63 83 
. 1 71 
. 087 


PaoTEis (Kondo). 

N distribution as pcreentige of total 


Humm 

Amide 

Arginine 

Cystine 

Histidine 

Lj'sine 

Mono ammo 

Non-ammo 


. 254 
1203 
. 9 71 
. 2-21 
n 81 

. 605 
49 43 
4 76 


VrrAMi59 — Millets show considerable varia- 
tions in tbeir content of fat soluble vitarain, 
and even in specimens which are nehest in this 
factor the content appears to be insuIBcient to 
promote the growth of rats for long periods 
(Steenboek and others, J. Biol Chem. 1923, 56, 
345). 

According to Corkill (Lancet. 1934, 226. 
1337) the fundamental condition causing 
pellagra m the Sudanese millet eaters la a 
lack of cholesterol anil > itnniins A and D in the 
food, lack of C being a contributory factor 
Vitamin D and not uater soluble Bj is the 
antidermatitis vitamin. 

Physiological ChiEJiisTBY — Schleusencr (Z. 
Pflanz. Dung. 1926, A, 7. 137) shoued that the 
course of adsorption of plant nutnenta by 
different varieties of millet dunng the growing 
period is similar to that of the summer cereals, 
particularly barley. 

Production of drj’ matter lags behind the 
intake of plant nutrients, which is largely 
completeil by the time of flowenng. Dunng 
the first three fortnightly penods of the growing 


season the course of adsorption is not msrkedly 
inflaeaced by the manuring. Only in the case 
oTjutrogen was the course of adsorption affected 
by manuring, and the greater the amount of 
nitrogen given the more did adsorption provide 
formation of dry matter. The plant nutrient 
requirements of millet appear to be less than 
those of barley. 

Borodma (Bull. Appl Bot. Leningrad, 1931, 
27, No. 5, 171) records experiments on the 
influence of nutrition on the time of appearance 
of the ears of millets. This is not affected by 
N or K but lack of P causes delay. Schaffer- 
Kircher (Arch. Pflanzenbau, 1933, 10, 324) has 
investigated the influence of soil reaction on the 
germination of millet and maize. In general 
millet prefers the more acid conditions and the 
Py range of germination is wider than that of 
maize. 

A fermented bcierage called “ Bosa " is made 
from millet. HeiduschkaandDantscheff (Pharm. 
Zentr. 1931, 72. 337) give the following direc- 
tions A 1 ‘ery thick mash of finely ground millet 
IS boiled and cooled several times and inoculated 
with an infusion of ground chjck-pea and air- 
dned embryos of millet After keeping over- 
night at room temperature, the diluted mash is 
filtereil through wire gauze and allowed to fer- 
ment further. The resulting yellowish-brown 
beverage m which are suspended the finest 
particles of the millet is termed “ Bosa ” and 
contains at the end of 13 days 0 515% of 
ethyl alcohol, 0 493% of lactic acid, and 0 0976% 
of acetic acid. 

Cleurme corocong Gsertin. 

This cereal, also known as African millet, like 
the sorghums and pearl millet (Fenaiaelum 
typhotdtum Rich.) is extensively grown in 
Centra! and Southern Africa and to some extent 
m Egypt and Abyssinia. Under the name 
** raei ’* it is the staple cereal crop of the state 
of 3lysore. India (Narayana and Norris. I e.). 

Composition of Coracan ( Wmtoii, op eii. p. 178). 


Wai 


Nfree 

Pro- ex- 

• telo Fat tract. Fibre A»h. 


Churtli— 

Mholearaln 12 5 59 08 74 0 30 20 

Husked grain 132 73 IS 73 2 25 23 

Adolpli . . 8 50 5 84 5 75 74 20 2 01 3 04 

Naraiana and 

Borrls, I . 0 00 6 90 4 82 85 23 3 27 2 7S 

Nararana and 

>OTris.n . 0 00 0 83 1 01 82 50 3 54 2 52 

pROrnvs — Narayana and Norris (1 c.) found 
that the protein matter of the gram consisted 
largely of a prolamine to w hich they gave the 
name efeiiainia. 

The finely ground gram was extracted with 
three times its w eight of 7(yJo alcohol. The extract 
waa filtered and the clenr yellow liquid was 
evaporated under reduced pressure until the 
first aigns of precipitation. The liquid was then 
filtered and poured with constant stirring into 
ten times its \ olumc of distilled water. A milky 
fluid was produced from which the protein was 
precipitat^ by the addition of sodium chloride. 
The precipitate was purified by solution in 
alcohol and rcprccipitatcd. AftcY washing with 

ater the precipitate was dried and catracted 
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with ether to remove the fat. The final product 
contained 15'9% N and both tyrosine and 
tryptophan. There was no P present and 
cystine was probably absent. 

The ultimate composition was : 

% 

C 63-29 

H 7-35 

N .... 15-91 

O 23-34 

The nitrogen distribution was determined in a 
mixed sample by the Van Slyke method (J. Biol. 
Chem. 1911, 10, 15) as modified by Plimmer 
(J. Biol. Chem. 1925, 10, 1004). Expressed as 
percentages of total nitrogen : 

Humin. 


Insoluble ... 

. 0-87 

Soluble .... 

. 0-28 

Amide .... 

. 20-52 

Basic. 

Arginine 

. 2-60 

Histidine . 

. 2-69 

Lysine .... 

. 0-64 

Non-bastc. 

Amin-D .... 

. 69-03 

Non-amino 

. 2-13 


Enzymes. — Patwardhan and Narayana (J. 
Indian Inst. Sci. 1931, 18, A, 38) found that the 
amylase of “ ragi ” had greater saccharifying 
power than cholam malt and maize malt 
enzymes, but less than that of barley malt 
ara 3 'la 8 o. The optimum temperature lay be- 
tween 65° and 60°. The optimum reaction 
was between pg 4-86 and 5-07. W. R. S. L. 


OATS. 


Cultivated oats include eight common species 
of the genus Avena. Their cultivation is 
practically confined to Europe and North 
America, and occupies about half as great 
an area as wheat. Owing to their hardness, 
they were very little used for human food 
before the introduction of machinery, and 95% 
of the crop is still consumed "by animals and 
poultry. 

Oats vary in composition as wheat does. A 
typical analj'sis of crushed oats (Jlilling, 1933, 
80, 340) gave : 


Mois- 

ture 

. 5 , 


UiRC.st- 

llllc 

Albumin- carbo- Woody Mineral 
Oil. olds, hydrates, fibre, matter. Silica. 

O' O/ O' O O’ o 

/O /o /O O /O /O 

C-77 11-12 50-92 0-14 2-00 0-85 


Other annlj’ses have been carried out b^’ Aitkcn 
(Trans. H. and Ag. Soc. 1901, v, 13, 292, 293), 
Wilson (ibid. 1903, v, 15, 183) and Atwater 
(U.S. Dept. Agric. Exp. Sta. Bull. 1899, No. 28) 
and a complete clementarj- nnal^-sis by Bertrand 
and Ghitcscii (Compt. rend. 1934, 199, 1269). 
The variations due to the varietj- of oat are the 
most important, cspeciall v for the manufacture of 
oatmeal, and the proportion of husk to kernel is 
the most significant factor. Oats are remarkable 


for their high fat content and are also rich 
in protein, constituting a valuable and con- 
centrated foodstuff. They are, however, de- 
ficient in vitamin A, traces of which are found 
in the oil only (Meyer and Hetler, J. Agric. 
Res. 1931, 42, 601). Oat otra-v* io valuable ao 
fodder, since it is cut while the transference of 
food to the ripening grain is still incomplete 
(Milling, 1933, 80, 340). 

In addition to human and animal foods, an 
important product is furfural, first made from 
oat hulls by the Quaker Oat Co. about 1924, 
This process was for long the only commercial 
source of furfural, and is stiU the largest source. 

E. A. F. 

RICE. 

Contents. — Introduction ; Yields ; MiUing of 
Bice ; Composition of Rice and Rice Products 
Proteins; Fat; Carbohydrates and Enzymes; 
Mineral Constituents ; Minor Elements ; Pvice 
Husks ; Rice Straw ; Storage ; Vitamins ; 
Organic Phosphorus Compounds ; Rice Pro- 
ducts as Feeding Stuffs ; Physiological 
Chemistry ; Analytical ; Wild Rice. 

Rice (Oryza saliva, L.). — ^A swamp grass 
which has been cultivated in Asia from remote 
ages. It was known in China and Japan before 
3000 B.C. It is the staple cereal of the Bast, 
being extensively grown in China, Japan, India, 
Cej’lon, Burma, the Malay Archipelago, and 
Siam. In the New World it is grown in the West 
Indies, Central America, and Southern States of 
U.S.A. In Europe it is cultivated in Italy 
and Spain. 

Rice in its original state, t.e. unhusked, is 
sometimes known as padi or paddy. 

There are upwards of 2,000 named varieties, 
but these may be classified into two distinct 
groups : glutinous rice and non-glutinous rice. 
The glutinous rice, sometimes assigned the 
specific name of “ glutinosa,” with coarse, 
large, red, purple, or blackish grains, forms 
the staple food of the people in the north of 
Siam. 

Some of the other varieties of rice have been 
wrongly described as distinct species, e.g. 
hill pad! or mountain rice, 0. montana ; quick- 
growing rice, 0. praecox. Quick-growing rice 
may take only 70 days to mature, whilst some 
of the slower growing varieties will occupy the 
land for 9 months. 

Rico maj’ be sown broadcast or by transplant- 
ing from nurseries. 

In Malaya a dotible transplanting is favoured. 
Rice is the only important crop that is grown in 
water. In Siam, Indo-China, and Bengal there 
is a variety of broadcasted padi kno^vn as 
floating rice, grown in certain areas whore at the 
end of the wet season the water on the fields 
rises to a great height. The rice planted in these 
fields is able to keep pace with the rising water. 
The grov-ing tips of the plant always remain 
above the surface and from the submerged 
roots of the stems subsidiary rootlets are sent 
off into the muddy water. Harvesting is done 
from boats followed bj- a final gleaning after 
the floods have subsided. The stems of floating 
padi sometimes reach the amazing length of 0 
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roeltta Trop. Agrk. 1931, LXXVII, 

173. 

PbINCIPIL RICE-CBOWISQ Cor^TRIES — 
Yield and Area under Cultivation. 
(From " International Yearbook of Agri- 
cultural Statistics,” 1934-1935.) 

Europe. 


Quintals 

Area In per lb 

Hectares IlccUte per acre 


Spam 

46.103 

63 7 

5.633 

Italy 

130,722 

47 2 

4,211 


America 



USA 

310,100 

21 7 

2.201 

Dr Guiana 

28,712 

135 

1.740 


^sia. 



Cey Ion . 

340,000 

97 

865 

China 

18,398,800 

21 3 

1,900 

Manehunv 

203,850 

16 6 

1.481 

Formosa 

666,966 

25 3 

2,257 

Br. India 

32.780.000 

13 9 

1.240 

Dr Malaya 

207.331 

17 5 

1,561 

Durma 

6.125,700 

135 

1,205 

Indo-Cbina 

3,332.000 

99 

883 

Japan . . 

3.U6.C00 

30 6 

2.730 

Philippines 

2.004,030 

11 6 

1,035 

Fiam 

2,933,830 

13 7 

1.401 

Java 

3,398.200 

157 

1,401 


Tbe highest recorded }ieM in Siam «itbout the 
use of fertilisers is 3,563 lb. per aero (Ladell, 

JO 

The Millino or Paddv. — T he first process is 
the rcRioial of husks or hulls, leaving «bat is 
called “ brown rice ’’ The brown nee then 
passes through conical mills or 'pearling cones 
which remove the outer skin and produco; 
skinned nee, sometimes called Loonzem or * hite j 
rice In the next process the white nco is I 
polished hj whirling the groin m contort with I 


felt <w leather pads. Finally the nee is glared 
Various mineral materials, such as talc, steatite 
mica, kaohn. or gypsum are used, with or with' 
out the addition of glucose, glycerine, or 
mineral oil. Glazing is not often practised m 
tbe East. 

StncUy speaking, “ rice meal ” is the bran 
resulting from skinning the rice in the conical 
mills or pearling cones, but the term is some 
times applied to the polishings or to a mixture 
of the bran and polishings. “Cargo nee” is 
the mixture of husked rice and paddy' from the 
bullets. “ Broken rice ” is composed of the 
broken grains separated by sifting the product 
from the different processes, and varies m 
composition according to whether it comes 
from the hulls, conical mills, or polishers 
According to Fraps (nrfe infra) the American 
process is briefly os follows : 

1 “Stones” remove the husk or hulls from 
the purified paddy. 

2 “Stone bran reel” which separates tho 
“ chits ” consisting of broken nee and nee hulls, 
and “ stone bran,” consisting of a mixture of 
broken ncc and nee hulls. 

3 The paddy machine separates the mixture 
of brovrn nee and paddy nee. The brown nee 
goes to the “ hullcrs " 

4. “ Hulling ' This term is one that has led 
to much misunderstanding, as it is tho bran that 
IS removed, not the hulls The hulhr bran is 
usually mixed with tbe “stone bran" and 
the mixture is known as ” neo bran ” 

5. “ FearUng cones ” credo much of the outer 
covering of the rice gram, resulting in tho 
production of ■' cone meal ” 

6. “ Brushes.” consisting of cybndrieal frames 
covered with hide or skin, revolving rapidly 
inside a cylindrical cover of a closo mesh wire 
screen This process rubs oil the remainder of 
the thin outer skin of the rice gram and gives 
rise to the " polishings.” 

Fraps (Texas Agric Exp Sta lOlLGiill 101) 
made a eomprehensive investigation of rico 
milling products and by products (we IVmton. 
“Structure and Composition of Foods,” Vol 1, 
p. 140, Chapman and Hall, Ltd , I/indon, 1032) 


CosiposiTiON or Rice and its Br pRODVCTS,(rBAPS). 



Nil <ir 

anil])llR 

VVsIcr 

Protein 

Fat 

N Tree 

Fibre 

Adi. 

Sand 

Pro>li’fls 

Roiich ricr 

Mm. 

9 

9 01 

7 2J 

1 39 

CO {!> 

6 99 

4 30 

4 24 

Max. 


13.59 

8 05 

2 07 

60 41 

10 10 

6 42 

4 24 

Aver. . 


11 6<{ 

809 

1 80 

64 52 

8 80 

5 03 

4-2t 

Brown rice . 

Mm. . . . 

10 

1065 

700 

1-41 

71 39 

0 78 

0 95 

OO-v 

Max. 


14 41 

10 05 

2 56 

76 74 

1-51 

1-54 

0 28 

Aver, . 


12 10 

013 

200 

74 53 

108 

MO 

0 10 

Head (fancy) rice : 
Jim. . . . 

8 

11 91 

660 

0 25 

73-11 

0 35 

0 30 

006 

Max. . . . 


13 84 

loot 

0 08 

79 85 

0 48 

ftOt 

0 13 

Aver. . . . 


12 57 

0 01 

050 

77 02 

0 40 

050 

009 
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CoJirosiTiox OF Rice and its By-Rhodccts (Feaps). — conlinued. 


I 

No. of 
samples. 



Fat. 

% 

N-frec 

extract. 

% 

Fibre. 

Vo 

Ash. 

Or 

Q 

Sand. 

Of 

/O 

By-products. 
.Stone bran .- 
Min. 

22 

0-79 

7-46 

4-28 

29-63 

14-09 

• 9-74 

0-63 

Max. 


11-64 

11-78 

n-55 

47-97 

25-94 

20-99 

17-97 

Aver. . 


9-69 

9-77 

7-66 

36-73 

20-92 

15-23 

12-06 

Cone bran ; 

Min. . . . 

2S 

S-;H 

12-50 

11-78 

38-35 

2-50 

5-39 

0-39 

Max. 


11-50 

16-52 

20-32 

55-94 

8-79 

8-61 

1-77 

Aver. . 


9-77 

15-39 

15-97 

46-13 

5-66 

7-08 

0-88 

Rice polish : 

Jlin. . . . 

10 

8-46 

11-13 

5-62 

59-43 

1-52 

2-41 


Max. 


10-76 

14-45 

12-95 

67-28 

2-79 

5-57 

— 

Aver. . 


9-91 

12-88 

9-07 

61-81 

2’L2 

4-21 

— 

Rice hulls : 

.Min. 

11 

6-11 

1-78 

. 0-54 

24-50 

31-43 

14-83 

13-09 

-Max. 


10-95 

5-00 

1-98 

38-83 

40-37 

22-00 

20-84 

-Aver. . 


8-49 

3-50 

0-93 

29-38 

39-05 

18-59 

17-52 


Wartli and Darabsett (Dept, of Agric. 
Burma, 1913, Bull. No. 10) record tlie chemical 
composition of paddy mill products. Brown 
rice will produce : polished rice 55%, broken 
rice (all grades) 30%, dust 4%, and meal 1 1%. 
Tlie 3 ' give the composition of the ash as follows : 


Mineral Constituent.s 
No. 1. 



-Skinned rice Polished 


Paddy. 

/Q 

(J.oonzein). 

O' 

/U 

rice. 


% 

Silica . . . . 

. 4-28 

0-16 

0-03 

Iron and aluminium 



phosphate . . 

— 

010 

0-01 

Lime . . . . 

— 

0-03 

0-02 

Slagncsia . 

— 

0-20 

0-05 

Phosphoric acid . 

. 0-54 

0-67 

0-23 

Potash 





Nitrogen . 

. 0-91 

Ml 

0-99 


Xo. 2. 




Skinned rice. Polished 


Paddv. 

(Loonzein). 

rice. 


Of 

lO 

O' 

• 0 

Uf 

/O 

Silica 

. 3-08 

0-10 

0-01 

Iron and aluminium 


phosphate . 

. 



- - 

Lime . . . . 

— 

0-02 

0-01 

Magnesia . 

— 

0-19 

0-05 

Phosphoric acid . 

. 0-57 

0-69 

0-24 

Potash 

— 

0-30 

0-08 

Nitrogen . 

. 0-91 

1-09 

0-98 


Mineeal Constitcext.s of Bv-Prodlcts 


Silica (SiOj) . 
Lime (CaO) . 
3Iagnesiii (MgO) . 
Phosphoric acid 

(PcOj) ... . 

Potash (KoO) . 
Nitrogen (N) . 


Meal Meal 
from from Mill 
pollsliers. coiie.s. dust. Husk. 
Vo t* u o 

0-970 1-402 ll-oOOn-is 
0-04 0 0-001 O-OGS — 

0- 175 0-990 0-449 — 

2-81C 3-858 1-092 0-041 
— 1-404 — — 

1- 040 1-8S0 1-127 0-027 


The outstanding figures are the high pro- 
portion of silica in the husk and in the mill dust, 
which consists largely of broken husk. The 
meals contain large amounts of phosphoric acid, 
potash, and nitrogen. 

Parboilinc (Charlton, Agric. Res. Inst. Pusa, 
1923, BuU. No. 146). — The village method of 
parboiling paddy is to place it in a receptacle, 
copper pots, earthenware pots, or kerosene oil 
tins. The paddy is covered u-ith water to a 
level of almost 2 ins. above the grains. The 
receptacle is heated until the contents boil and 
the glumes commence to split open. The paddy 
is then spread on mats to dry. This takes from 
one to two daj’s. The paddj' is ready to pound 
when the grains have become hard. Parboiled 
rice is more sustaining than white rice. B'hen 
cooked it remains sweet for a longer period than 
white rice and has a pleasanter taste. Millers 
have adopted the village method to large scale 
operations. Parboiling reduces breakage and 
milling losses. Thus the process increases the 
milling output and profits to the miller. 

Parboiled rice is more nutritious than raw rice. 
This is due partly to the fact that during the 
process of parboiling, vitamin Bj penetrates into 
the endosperm layer and is not entirely lost in 
polishing. Moreover, parboiled rice is generallj" 
richer in both nitrogen and phosphorus than 
raw rice, even when polished to the same 
degree, but as a rule the parboiled rice is never 
polished so severelj- as raw rice, which is another 
factor in favour of a higher nutritive value 
(Sreenivasan and Das Gupta, Current Sci. 
1930, V, 75). 

^Joncs and Taylor (U.S. Dept. Agric. Circ. 
No. 3-10, 1935) found that increases in “-head 
rice ” (best polished rice) due to parboiling were 
independent of the period of soaking, tempera- 
ture, or amount of steaming. These factors, 
however, did affect the colour and texture of the 
product. 

Joachim and Kandiah (Trop. Agric, 1928, 
LXX, 19.5) have analysed Ceylon paddies, rices, 
and milling products.’ 
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The hill paddy is richer in organic constituents, 
but poorer in minerals, chiefly phosphoric add, 
than the irricsted paddies (see Cochran's “ (^lon 
Manual of Chemical Analyses," 1895). The pure 
line paddies appear to be richer m proteins, fats, 
and minerals than the ordinary cultivated 
variety. The average chemical composition of 
the Ceylon paddies is similar to that of Indian 
paddies (Sen, Agric. Res. Inst. Pusa, 1917, 
BuU. No. 70). 

Le Qerc (Cereal Chem. 1932, 9, 600) 
the following figures for Japanese nee: 

Unpoliahcd \ 

(brown Glutinous: 

rice) roliihtd tke I 
Weight of 100 ker- I 

nets . .2 011 1 824 2 650 I 


CoMPQsmojr or Drv SlarrEB 


Unpolialicd PolUlied Glutinous 


Protein . . . 8 67 

Fat . 2 45 

Fibre . 0 88 

Carbohydrates . 66 70 

Ash . . . . 1 22 


8 15 8 63 

0 37 2 89 

0 10 M2 
00 79 86 00 

0 36 1 36 


Takahashi and Sato. (J. Coll. Agric. Tokyo, 
1913. 5. No. 2, 135) analysed 44 samples of 
poLshed nee specially prepared and “ u hitened " 
for brewing sake. 

Moisture . 12-15 

Sugar. 0 51-0 79 

Fat . 0 24-M8 

Total Nitrogen . 1-3-1-4 

Non protein nitrogen 0 11-0 36 
Ash . .0 29-0 38 

The pounding and polishing of rices result m 
a marked decrease m their fat, phosphoric acid, 
fibre and, to a lesser evtent, protein contents 
Thus the “ silver skin " or “ aleurone " layer 
of the nee gram contains the more valuable 
nutntive constituents. Parboiling affects un- 
appreciably the chemical composition of rices, 
except for a slight falling off of the fat content 
Bran is x ery nth in fat, protein, and phosphoric 
acul 

The composition of rices from different 
countnes is given by Wiley (U.S. Dept. Agric 
Bur. Chem. 1898, Bull. 13, 1182) Wiley 
tabulates the maxima and minima, and means 
of the various constituents. The following 
figures represent typical samples • 


j 


Water 

Protcio 

Fat 

jsol earbo- 
'h) dratri 

Cnids 

fibre 

Ash ^ 

Unhulled 

300 

10 5 

76 1 

1 6 

67-4 

90 

40 

HuUed 

2 50 

120 

80 

20 

76 0 

10 

10 

Hulled and polished 

2 20 

12-4 

75 

04 

78 8 

04 

06 


Borasio (Qiom risicolt, 1929, 19, 131 ; 1930, 
20, 71, 88) reports tho analyses of pobsbed 
rice, rough nee, and gemma (germ) i 

CouFosmon: or Rice Gbru. 


Gemma ^ ^ 2 2 ? C < J 

(germ) •, «/ % 

Min. 10 50 10 50 10 70 62 50 3 30 7 40 3 70 
5fax.l230 11 80 13 40 55 80 3 90 800 4 10 

Rice Pboteixs. — Tadokoro t' al. (J. Coll. 
Agnc. Sapporo, 1927, 19, 03) compare the 
physieo chemical properties of the nee proteins 
separated into four fractions, soluble in woter, 
NaCI sol, NaOH sol., and alcohol respec 
lively. 

Olulehns — Rosenheim and Kajiura(J. Physiol. 
lOOS, 38. No. C), investigating rice proteins, 
found a glulehn which they named oryzenin, 
amatl amounts of albumin and globulin were 
reported but not prolamine (gliadm). 

Lariuour (.T. Agnc. Res 1927, 35, 1091) 
describes the preparation of alkali soluble 
proteins (gluteLns) from nee and other cereals 
and tabulates their N distnbution by Van 
Styke’s method. 

Jones and Csonka (J, Biol. Chem. 1027,74,427) 
prepared the glutelin by extracting the rice 
with 0 2% NaOH and treating the extract with 
(NH,),S 04 to 3% saturation. The product so 


obtained has an iso-electnc point of 6 45 and 
a higher content of nitrogen, with a different 
N distnbution compared with the preparations 
of other workers. 

Jones and Gersdorff (J. Biol. Chem. 1927, 74, 
415) obtained 2 4% of a glutelin from polished 
nee but none from rice bran. In contrast 
with wheat endosperm, which contains two 
different glutelins, nee endosperm contains only 

Konefo and ffayashi filfem. Coff. Agnc. Kyoto 
Imp. Univ. 1926, No 2, 37, 65)u8ed 0 05N-N aO H 
to diasoh e the glutelin end 0 05A’ acetic acid to 
flocculate it, maximum flocculation occurring 
near absolute neutrality. They record the N- 
distribution for the anhydrous protein so pre- 
pared. Hondo e( al. (ibid 71) studied the 
influence of sodium acetate, sodium chlonde, 
potassium chlonde, and lithium chloride on 
solutions of rice glutelin. These salts carry 
the optimum part of flocculation to the acidic 
side, and the apparent iso-elcctric reaction 
of the protein is variable according to Ibe 
salt used and its concentration (Hondo and 
llayashi, ibid. 83). In contradistinction to the 
theory propounded by Robertson and by AVing- 
ton, the authors conclude, from their results, 
that refractive indices of solutions of sodium 
nee glutclinate or sodium caseinate are not 
Lnearly related to their concentrations. The 
authors, moreover, maintain that-the defermins- 
tion of the nitrogen-equivalent refractisity of 
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the protein indicates the degree of dissociation 
of the protein salt, and conclude that to an 
ampholyte such as protein belong different 
nitrogen-equivalent-refractivities, according as 
the protein behaves as a kation or an 
anion. 

Tadokoro (J. Coll. Agric. Sapporo, 1925, 14, 
129) concluded that glutinous rice contains 
more oryzenin than common rice. The oryzenin 

(а) prepared from common rice differs from that 

(б) prepared from glutinous rice, in iso-electric 
point, nitrogen, sulphur, and phosphorus content 
and in its physical constants. On the determina- 
tion of the amino-acids it was observed that 
in (a) there was a predominance of am- 
moniacal, arginine and lysine nitrogen, whilp 
in (b) there was an excess of monoamino, 
histidine and cystine nitrogen. The content of 
tyrosine and tryptophane is the same in both 
forms. 

■ Tadokoro et al. (J. Coll. Agric. Sapporo, 
1926, 16, 73) divided 16 samples of common 
Japanese rices into two groups: (a) those 
employed for fermentation to sake and (6) those 
not so employed. The oryzenin prepared from 
these differed in physico-chemical properties. 
The ash content of (a) is always 79-95% of (6), 
sulphur and phosphorus of (6) are more than (a). 
The sp. rot. power of (a) is considerably lower 
than (b). The iso-electric point of (a) is more 
acidic than that of (i). The silver salts and the 
N-distribution are different. Takahashi et al. 
(J. Coll. Agric. Tokyo, 1913, 6, 134) separated 
proteins from rice prepared for breudng purposes 
using Osborne’s method (Amer. J. Physiol. 
1908, 20, No. 1 and No. 4). Four kinds of 
protein were obtained: albumin, soluble in 
water; globulin, soluble in 10% NaCl; 
prolamine, soluble in 80% alcohol ; and glute- 
lin (Rosenheim’s oryzenin), soluble in dilute 
alkali. 

The three kinds of proteins, albumin, globulin, 
and oryzenin, are utilised by sake yeast and 
Aspergillus Oryzae ; prolamine is not. 


Distbibution op Nithooen in Rice Geutelin 
BY Van Slyke’s Method. 


Grams per 100 g. of Protein. 



Jones 

Osborne 

Kondo 


and Csonka. 

el al.^ 

and Hayashl.’ 

Arginine . 

. 11-13 

9-15 

8-40 

Histidine . 

. 2-39 

3-32 

3-65 

Lysine 

. 4-73 

4-26 

6-48 

Cystine . 

. 2-35 

1-26 

8-,95 


1 

> 


J. Blol. Chem. 1915, 22, 259. 

Mem. Coll. Agric. Kyoto, 1920, 2, 37, 


Prolamines (gliadins) are present only in small 
quantities in the inner endosperm of rice. 
Suzuki, etc. (J. Chem. Soc. Tokyo, 1908, 29, 3) 
found only 0-11% of nitrogen soluble in 60% 
alcohol, but 1-16% in bran. 

Hoffman (J. Biol. Chem. 1925, 66, 501), by 
e.vtraction with hot -70% alcohol obtained 
from polished rice 0-12% of a protein ; C 55-92, 
H 6-49, N 10-22, and S 1-14%. 

Globulins and Albumins . — Rosenheim and 
Knjiura (l.c.) found 0-14% of a globulin. 
Suzuki, etc. (i.c.) found in white rice 0-17% 
N soluble in 10% salt solution and 1-37% in 


bran. By extraction of rice endosperm with 
salt solution (5%), Jones and Gersdorff (J. Biol. 
Chem. 1927, 74, 415) obtained 0-09% of a 
globulin coagulating at 74° and 0-07% of a second 
globulin coagulating at 90°. Rice bran gave 
2-88% of globulin and 0-13% of albumin. 
Kondo and Ito (Jlem. Coll. Agric. Kyoto Imp. 
Univ. 1931, No. 11, 31) demonstrated the 
presence of two globulins in polished rice, 
one crystallisable from saline solution and the 
other non-crystalline. They found that the 
latter contained more cystine, histidine, and 
arginine than the former. Jones, in collabora- 
tion with Gersdorff and Csonka {I.c. 422), 
recorded the following composition of the two 


globulins. 

Globulin 
coagulable 
at 74° C. 

% 

Globulin 
coagulable 
at 90° C. 
% 

Cystine 

2-25 

2-89 

Arginine 

7-85 

15-18 

Histidine 

2-42 

3-01 

Lysine 

7-14 

3-63 

Tryptophane 

2-69 

2-32 

Tyrosine 

5-60 

7-53 


Amino-Acids of Rice Proteins . — Jodidi (J. 
Agric. Res. 1927, 34, 309) found that the total 
nitrogen in oven-dried rice varied from 1-7- 
1-24%. Polypeptides and free amino-acids 
occur in brown rice, amino-nitrogen amounts to 
0-75-1-02% of the total N. Corresponding 
figures for acid amide N are 0-14^-23%, 
and for polypeptide N, 0-85-1-15% (Mild, Arb. 
mid. Univ. Okayama, 1933, 3, 499). The pro- 
tein from rice embryo yielded on hydrolysis 
arginine and traces of histidine, but no 
lysine. 

According to Suzuki, el al. (J. Coll. Agric. 
Tokyo, 1909, 1, 77), the dry matter of brown 
rice contained 1-2% N of which 1-165% existed 
as true proteins. The glutelin obtained by 
Ritthausen’s method yielded on hydrolysis; 
alanine 3-7, leucine 14-3, aspartic acid 0-4, 
glutamic acid 14-5, tyrosine 0-5, proline 3-3 
phenylalanine 2-0, lysine 0-86, histidine 0-81 
arginine 1-6, and ammonia 2-33%. 

Maranon and Cosme (Philippine J. Sci. 1935, 
57, 289) recorded the nitrogen distribution in 
bran containing N = 14-15% protein. Non-basic 
N accounts for 70-9%, and basic N for 16-4% 
of the total. 

OiE OF Rice. — The oil of rice is concentrated 
chiefly in the bran from the conical mill and 
in the polish from the polishers. 

Winton {op. cil. 1, 147) tabulates the constants 
of rice oil obtained by various workers {see table 
on next page). 

Phylosterol . — ^Tsujimoto {I.c.) obtained a phyto- 
sterol melting at 136°-137°C. from the un- 
eaponifiable matter. Weinhagen {I.c.) obtained 
a saturated hydrocarbon, C 2 ,H 4 g, m.p. 80°, from 
the phytosterol by fractional crystallisation 
from alcohol. 

Nabenhauer and Anderson (J. Araer. Chem. 
Soc. 1926, 48, 2972) obtained 10% of- oil con- 
sisting largely of free fatty acids. The tin- 
saponifiable matter (5%) containing a phyto- 
sterol, myricyl alcohol, dihydrositosterol, and 




■ Mpit) niolprularvelglit ofin'otutilr aci<ls38!>3; inciting; pofot 3(S* 

t ^Itan molecular weight nria«olubl.“apliJj 250 1, melting point «8 5 , snponlfieation ntinil'cr 516 3 


atijmasterol. No substance resembling Wem- 
hagen'a aatorated hydrocarbon waa identified 
According to Antoniam (Atti R Accad Lmcei. 
1932, [mJ. 16, 510) the phytosteroU of Naben 
hauer and Anderson (fe) arc mixtures of a 
sterol, C|]H 4,0 (bi p US”), with its dihydro 
derivative. 

Tanaka (J Biocheni Japan, 1933, 17. 483) 
examined the sterols of thence embryo which on 
fractionation yielded my rieyl alcohol (C^j^tjO) 
m.p 80*-87*. and dihydrosiiostcrol Tanaka 
(i2>id 18. 1) also obtained evidence of the 
presence of ergosterol Kimni and NogiirUi' 
{Sci I’apers Inst Phys Chcro. Res Tokyo. 
1033, 21, 1) obtained phyto«tcrolm from the 
ether extract of rice embryo Ibo solid acidsi 
were nivristic, bchenio, palmitic, and cerolic' 
acids. The brommation of the unsatiirated 
acids yicldcil linolcic acid tetrabromide The 
unsaponifiablc matter (onfaincd 0o% of ergo ' 
sterol, al«o nielissyl alcohol and dibydmsito- 
sforol. 

Wax i> RiCE.—Tanjre (Sci Papers Inst. 
Phys. Chem Res. Tokyo, 1930, 14, 275) obtained | 
0 03% of w ax from nee polishings by extraction ' 
with boding alcohol. After washing with ether 
to remove laf, the wax »asdj«so)»ed m benrcnci 
and reprecipitated by the addition of methyl; 
alcohol. The wax had a m.p of 815®— 82 5" 
and was identified by saponification as melissyl 
cerolatc. i 

Cabboiiyprates axd EhzvMEs.— Frap’sff c.)| 
investigations showed that most of the di> 
sacchandts were conecntralcd in the bran, 
leaving very little in the milled rice I 

HrJuriog Dlsacclis 
suaar, rl>ies Prntosans 

Brown rice . 0 12 0 79 2 12 j 

Fancy head rice . 0 14 U 17 1 7.» | 

Stone bran . . 0 78 l'I5 13 87 j 

Cone bran or meal 153 2 15 5 81 I 

Polish ... 1 27 2 26 3 47 

Hulls or husks . 0 24 0 43 1S14 1 


I Marauon and Cosmo (2 e ) record the carbo 
.hydrate distribution in Wan containing 44 5% 
I carbohydrate 46 76% carbohydrate occurs ss 
I starch, 0 87% as reducing sugars, and 11 06% 
' as non reducing sugars 

Starch . — In common rice amylopectm ii 
I more abundant than amylose, while in glutinous 
I nee the reverse is the case (Tadokoro, J. Coll 
Agnc. Sapporo. 1923, 13. 1 , 1926, 16. 91), tf. 
iTanaUa. Ind Eng. CWm 1012,4, 678). 

I Warth (Mem. Dept. Agrie. India, Cliem 
I Series, 1014. III. 135), doing experiments on the 
fractional liquefaction of ncc starch at ranous 
I temperatures, found that the starch from 
Iglutmouv noe liquefies at a lower temperature 
' than the starch of the non glutinousneea. 

Komuro did some experiments on the sarchari 
fieation of flaked rico with acida (J. Soc. Chem 
I Ind Japan, 1031, 34, 16C), the hydrolysis 
IS slower than that of potato starch duo pvrtly 
to the diflerent properties of tlie starch granule 
and partly to the prescuco of the ampbotenc 
protein oryzenin winch is deposited from the 
hot filtrate of hydrolysed nee on standing. 
Tao (Bull Chem Soc. Japan, 1030, 5, 200} 
ahow^ that the chemical change undergone by 
nco during coo)i}ng is mainly hydrolysis to 
water soluble reducing sugars and poly- 
saccharides These chemical changes resemble 
those taking place on the germination of nee 
eeeds, except that tho velocity of conversion 
of starch into soluble sugars la greater in the 
former, and the change of starch into CO| and 
HjO takes place only m the latter, Sahasra- 
buddhc and Kibo (Indian J. Agnc. Sci. 1935, V, 
12) made a biochemical study of tho starches 
from old and new grams of different varieties of 
Tire Jo ascertain whether tho nee starch under- 
goes anv disintegration during storage. There 
was a difTncnie of two years between the old 
and the new. As rices grow old they become 
more susceptible to the action of hydrolysis- 
I Thus old rices are easier to digest than new nces 
Thc-e differences arc attributed to the presence 
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of an amylo-hydrolytic enzyme in the resting 
grain, which remains active and attacks the 
starch. 

Saknrada, etc. (Bull. Inst. Phys. Chem. Res. 
Japan, 1935, 14, 361), studied with the aid of 
X-ray and enzymic observations the change of 
^-starch ->• a-starch under varying conditions 
of temperature, dilution, and time. Matsumoto 
and Rise (Bull. Res. Inst. Fermentation, 1929, 
Xo. 102, 63) found that when rice malt is 
saccharified at 55° the buffer action of the 
solution first increases and then decreases, 
apparently due to the presence of lactic 
acid bacteria, but the remains constant. 
The titratable acidity normally increases during 
saccharification. When soluble starch -or rice 
paste is saccharified by diastase or malt 
extract the buffer capacity remains constant. 

Jaschke (U.S.P. 1681118) describes a method 
for the extraction of starch from rice. The dry 
rice is ground to a degree of fineness auflacient 
to liberate the starch granules. The powder is 
then macerated for 12 hours in 0-26-0-3% 
NaOH, causing the gluten and fibre to swell 
and rise to the surface, leaving a thick 
susjiension from which the starch is recovered 
by centrifuging and settling. 

Warth and Darabsett (Pusa Bull. 1914, 
No. 38) found that dilute alkali rapidly dis- 
integrated polished rice, whereas unpolished rice 
was not affected. They suggested that this 
action of alkali might be used as a basis for 
testing the quality of starch in rices. 

Steinbarger (Cereal Chem. 1932, 9, 317) 
tested the cooking quality of eight varieties of 
domestic rice by a standardised method and 
.suggested that the diversity of cooking times 
made the maxing of varieties undesirable. 
Sugiraoto, et al. (Imp. Jap. Inst. Nutrition; 
Bull. Soc. Hyg. aliment, 1927, 15, 481, 624) 
also record the effect of cooking methods. 

Amylase . — Venkata Giri and Sreenivasan 
(.1. Indian Inst. Sci., 1934, 17a, 127; Science, 
1935, 81, 343) have done valuable work on 
the amylases of rice, etc., and have devised a 
simple qualitative method for their differentia- 
tion. The method consists in adding a small 
drop of enzyme solution to a thin layer of 
agar gel impregnated with starch in a petri dish 
and allowing it to diffuse for 28 to 48 hours at the 
laboratory temperature. At the end of the 
period a dilute solution (N/200) of iodine is 
poured on the plate, and allowed to remain 
there for about 2-3 minutes, until the colours 
of all the diffusion zones come out clearly. A 
deejj blue background with a round diffusion 
field at the centre is formed. The central 
diffusion field is coloured violet in the case of )3- 
amylase and colourless in the case of a-amylasc. 
Amylases which contain mixtures of both the 
components produce a central colouring diffusion 
field with a violet or green and violet zones 
surrounding it, depending on the nature of the 
amj'laso and starch used. They show that the 
resting rice grain contains two amylases with 
different optima. One, of optimum pg 
4-6, behaves like a pure )3-amylase, and another, 
of optimum 7-0, behaves like a pure a-amylase 
in the hydrolysis of amyloamylosc. These two 
enzymes can be obtained in an active state 


bv extraction with phosphate buffer (Jf/15) 
at pg 7-0. The work of Venkata Giri and 
Sreenivasan does not agree with the view put 
forward by Ohlson and co-workers that the 
amylase arises only during the germination of the 
seed (Nordh and Ohlsson, Z. Physiologischemie, 
1931-32, 204, 89 ; Ohlsson and Uddenberg, ibid. 
1933, 221, 165 ; Ohlsson and Edfeldt, ibid. 1933,- 
221, 174 ; Waldshimdt-Leitz, Reichel, and Purr, 
Naturudss. 1932, 20, 254; Myrback and Myr- 
brack, Biochem. Z. 1933, 258, 158 ; Samec and 
Waldschmidt-Leitz, Z. Physiol. Chem. 1931, 
203, 16). 

Karmakar and Patwardhan (J. Indian Inst. 
Sci. 1931, 14A, 4) obtained rice-malt amylase 
by extracting the sun-dried malt powder, 
obtained after paddy had been steeped for 4 
days at 24°-25° and allowed to germinate, with 
0-6% aq. NaHCOj, and precipitating with 
alcohol. They found it to be less than a 
quarter as active as wheat amylase. It loses its 
activity after 15 days’ continuous dialysis. The 
optimum temperature is 60°. 

Amylosynihease . — ^Minagawa (Bull. Agric. 
Chem. Soc. Japan, 1935, 11, 62) obtained from 
rice an amylosynthease which differs from that 
obtained from yeasts. It can be precipitated 
by ethyl alcohol or acetone from aqueous 
solution as a highly active powder. A similar 
enzyme has been detected in com, millet and 
potato. The amylosynthease is inactivated by 
acids, alkalis, HgClj, and heat, it is not re- 
activated by neutralisation, HjS, or cooling. 
When it is precipitated by CdClj and treated 
with ( N HiljSOj its enzymic activity is restored. 
Glutinous rice gives an amylosynthease with 
optimum pg of 6'7-6-8. The preparation of this 
is described by Minagawa (ibid. 1933, 9, 547, 
549). 

Catalase . — ^Winton (op. cit. 151) states that 
Sampietro (Giorn. risicoltura, 1923, 13, 133) 
obtained results indicating that there is a rela- 
tion between the germinative capacity and the 
catalase content. Borasio (ibid. 1924, 14, 143) 
was unable to find any such relation although he 
states that other enzymes may influence 
germination. Higoehi (Imp. Jap. Inst. Nutri- 
tion, Bull. Soc. hyg. aliment. 1927, 15, 481, 
524) determined catalase as follows : 100 grains 
were ground and suspended in 100 c.c. water. 
The mixture was filtered, 25 c.c. were kept for 
one hour at 25° after admixture with 10 c.c. 
neutral HoOj (0’05%) and the excess was 
titrated with permanganate after addition of 
sulphuric acid. He described the variations of 
catalase, peroxidase, and o.xidase wdth the 
quality and origin of the rice. 

Protease . — Giesen (Inaug. Dis. Bern, 1909) 
found 0-70% calculated as trypsin. 

Lipase . — Browne (l.c.) first showed that the 
rapid deterioration of rice oil was due to this 
enzyme. 

Oxidase and Peroxidase . — ^Noguchi (J. Sci. Agr. 
Soc. Japan, 1923, 245, 115) carried out experi- 
ments on the effects of storage on the enzymes. 
Oxidase did not change, but peroxidase decreased 
abruptly after one year. Hondo and Okaraura 
(Ber. Oh.ara Inst, landw. Forsch. 1931, 5, 57) 
experimenting with the green- coloured rice 

Aomai,” and the action of various coloured 



CEREAlf. 


lights on the chlorophyll content, found that . 
there was also a reduction in the activity of the 
catalase and peroxidase present. 

Yamaguhi (J. Agnc. Chem. Soe. Japan, 1034, 
10, 496, 502) aajs that the “starch liquefying 
enzymes ” of padi and brown nee showed opti- 
mum actmty at pg 4 1^3 and 36®— 42®C. 
They were absent from polished nee. He 
found that an aqueous extract of a mixture of 
pobahed rice and papain bquefiea starch and 
suggested that zymogen may occur m polished 

"Bishop and Teik (Malay. Agne. J. 1928,16. 14) 
give an account of the proceas used by the 
Chinese in Malaya for the manufacture of 
“ Samsu ” from nee The process depends on ; 
the utilisation of a mould {Amylomyeea JtouxiC 
contaming a ferment which converts moist 
starch into alcohol. The mould u added in the 
form of “ nee cake ” consutmg of nee starch, 
soya bean*, clay, vegetable tiasue, and variable 
amounts of nucora and yeasts. The nee is 
boiled, allowed to cool, and the rice rake roughly 
mixed into it in the proportion of 3 parts of nee 
to 1 part of rice cake. The mixture is placed in 
earthenu are jars with water and left for 27 days. 
DistiUation is earned out m a pnmitive appara- 
tus, A yield approx. 54% theoretical is 
obtained. “ Moti '' is a form of nee cake made 
hr steaming and poundmg glutinoua nee. 
3laeda and Syhzi (Set. Papers Inst Pbya. Chem 
Bea. Tokyo, 1931, 16, 201) lavestigated the 
conditions under which this material Mrdena to 
a etone*Uke mass. They contend that it u 
due to the evsporatioa of water from the surface 
and the binding of free water in the mtenor of 
the mass by starch granules. The hardening of 
“ moti " IS analogous to the aettiag of cement. 
Both dunng cooling and heating. “ moti ” 
shows a transition point at 63 5®C. ^is may be 
connected with the water of crystallisation (c/. 
St. V. Xiray Szab6, 2. physikal Chem. A. 
1930, 151. 420). 

Mjsor £lesie>t8 ih Rice.— 4/umiinum.— 
1-4 mg. per kg dry matter (Bertrand and 
l^vy', Compt. rend 1931, 192, 525). 

Copptr. — Dry, hulled nee, 6 4 mg. per kg. 
(Gu^ntbsuJt, C^mpt. rend. 1920, 171. 196); 
nco pobsh (dry), 8 0 mg. per kg. (McHargue, 
J. Amer. Soc. Agron. 1925, 17, 368); nee (1) 
(air-dried), 1*32 mg per kg., nee (2) (air-dned). 
1-66 mg per kg. (Quartarob, Ann. Chim. 
appl. 1928, 18. 47). 

Iron . — Sherman (U-S. Dept. Agnc. Off. Exp. 
Sta. 1907, Bull 185,51): 

F« (ma per kc 
dr; loatterj 

Polished nee . 0 

Bice— Japanese . . 9 

Rice— meal .... 19 

Winton {op. ctt. 152, 153), quotes the fol- 
lowing figures: 


Polished rice .... 
Rice pobsh .... 
Unshelled Japanese nee 
Polished nee . 

Rice bran . . 


7 6 (JIcHargue) 
14-7 (Birckner*) 


Polished rice . 
Bice pobsh 


. 112 (JIcHazgue*) 


Rice bran . . . 33 3 (Bertrand and 

Benzon *) 

drsenie : Ai (mg per kg 

dry matter ) 

Rice kernel .... 0 07 (Jadin and 

Aatruc *) 

i * J Illol Chem 1619,38,191 

* Bull Soc hyg aliment 1923,10,457. 

/ * Comp rend. 1912, 156, 291. 

' Utilisation or Paddy Hcsk or Hclls— 
Ip Siam, and. to.a smaller extent m Italy, the 
power to run the mills is obtained by burmeg 
the hulls in furnaces. The insoluble portion of 
the ash of paddy husks is largely sibca, and 
jMongeot (Giom, Chem. Ind. Appl. 1930, 12. 

1 74) suggests that this sibcious ash could be used 
in the glass industry in Italy, the annual pro. 
duction being 16,900 tons. 

Dry datiUation of the busks gives a carbon of 
; low density, acetic acid, propionic acid, furfur 
I aldehyde, phenols and cresols The busks are 
I nch m cellulose and might be used as a source of 
I industnal alcohol According to Harding (Ind 
Eng. Chem. 1928, 20. 310), a pure edible cellulose 
may be prepared from the hulls of nee and other 
cereals by boibng with strong soda and sub 
aecroent hydration treatment to reduce the 
cellulose to the proper physical condition, for 
raisiog the roughage content of breakfast foods 

A typical cellulose conaiati of a-cellulose, 72%. 
hydrated cellulose 25%, ash 0 8%, with cop^r 
cumber 8 7. 

Sauerbrey Mascbinecfabr. A -G. (O.P. 456891) 
desenbrs an apparatus for distilbng rice husks. 

Rankin has patented a method for oxiduing 
the carbon compounds to oxabc acid (U.S.P. 
1520885). Finely divided nee hulls are fed in ’ 
at the lop of a cybndncal Tcsel containing 
strong nitric acid. The nee hulls are rapidly 
oxidised, with formation of oxahe acid. 

The husks may also be used for making paper 
Dickie and the British Bunnah Petroleum 
Co , Btd , have patented a process for the 
manufacture of .waterproof board, utilising the 
fibre from paddy husks (E.P. 239970). 

hlorgenier (U.S.P. 1570389) suggests boiling 
the nee hulls for 2 hours with NaOH at 10°fitf 
(d. 1 07), removing the bquor and beating the 
residue to a pulp. Puttaert (U S P. 1588335) 
prepares a pulp, using a more dilute aolution 
of NaOH and boils for 6-8 hours at a pressure 
of20-801b.per8q in. Utaka (Rep. Osaka Ind. 
Rea Lab. 1923, 5. [16]. D- hydrolysis with 
steam under a pressure of 100 lb. to the square 
inch, obtained a yield of 9-10% furfuraldehyde 
using HCI as a catalyst. Other products were 
003% acetaldehyde, 0 07%. “volatile orgsius 
acid," 2% sugar, and a trace of methyl alcohol. 

Rice Straw. — Ricc straw has little value ss a 
fodder. Analyses of straw (1) from a gw 
harvest, (2) from a poor harvest, were made by 
Takecxuhi (Bull Coll. Agr. Tokyo, 1908, 7, 
610 ): 
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Rice Steaw from India. 

Analysed at Rothamsted Experimental Station 
in Fermentation Laboratory. 

Percentage on Dry Matter. 
Ko. Type of Soil. Pentosans. Ash. Nitrogen. 


1. 

Marshy 

26-54 

17'2 

0-41 

2. 

Salty clay 

22-4 

— 

— 

3! 

Hard clay 

25-2 

— 

— 

4. 

jMedium clay 

20-9 

— 



Rice Straw (India). 

C. N. Acharya (Bioehera. J. 1935, 29, 1459). 

Constituents. % 

Cellulose (deducting xylan contained) 32-82 
Xylan associated with cellulose . .11-73 

Xylan not associated with cellulose . 9-31 

Lignin (direct) 10-67 

Protein 2-88 

Ash 17-50 

Alcohol-benzene extractive . . . 3-05 

Moisture 8-40 

Total . . . 96-36 


Composition of Rice Straw. 

R. D. Rcge (" Annals of Applied Biology,” 1927, 
XIV, 1). 

g. 


Dry matter , 

. 100 

Organic matter 

. 82-67 

Ash . . 

. 17-33 

Cellulose . 

. 45-46 

Starch 

. 0-7 

Dextrose . 

. 0-65 

Invert sugar . 

. 0-6 

Pentosans 

. 24-6 

Lignin 

. 10-06 

Total nitrogen 

. 0-41 


According to Iwata (J. Dept. Agric. Kyushu, 
1920, 1, 217) the digestibility of rice straw- ma}’’ 
be increased by treating -with solutions of 
NaOH (0-75-1-6%) or boiling with milk of lime 
(CaO 1%) for 3 hours. The quantity of 
lignin is reduced and the starch value of the 
dry matter may be increased from 20% to 
53-68%. 

Taketomi (J. Soc. Chom. Ind. Japan, 1926, 29, 
43) obtained sugar and alcohol from rice straw. 
The straw was heated with 1% HjSOj at about 
134° for 30 minutes in an autoclave. Neutralised 
■with CaCOj, the liquid concentrated and fer- 
mented with yeast (race XII). The yield of 
sugar was about 15% and of alcohol about 5-4% 
of the drj' matter used. 

Patwardban (J. Indian Chem. Soc. 1930, 7, 531) 
found that the yields of reducing sugar obtained 
bj’ hydrolysis of Bangalore rice straw are 
proportionately' increased by increase of the 
concentration of the sulphuric acid used from 
2% np to at least 6%, these results being at 
variance with those of Thaysen for Burma 
rice straw. (“Fuel for Motor Transport,” 
H.M. Stationery Office, 1927.) B. acetoethylicna 
may bo trained to ferment pentoses (such as 
are obtained by processes similar to the above) 
at concentrations up to 7%, but yields of alcohol 
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and acetone, which are somewhat variable (cf. 
Thaysen and Galloway, Ann. Appl. Biol. 1928, 
15, 392), generally decrease' continually as the 
concentrations of sugar are increased above 3%. 
Change of nutrient mixture from ammonium 
phosphate and peptone to combinations of 
ammonium nitrate, disodium hydrogen phos- 
phate, and yeast water does not materially' affect 
the yields. The presence of small quantities of 
hexoses, e.g. dextrose, facilitates the growth of 
the bacterium and fermentation of the pentoses. 

Stra-sv' as a Raw JiIaterial for Makino 
Paper. — Reyes and Cruz (Philippine J: Sci. 1929, 
38, 367) recommended the use of rice straw as 
raw material for the manufacture of paper and 
compare it favourably with the weed cogon 
grass. Rice straw requires only about 8% oi 
soda, whereas cogon needs 20% to produce a 
bleachable pulp, and gives a higher yield. For 
cardboard, cogon requires digestion "with 4% 
soda, and gives a yield of 51-5% of pulp, whilst 
rice straw requires only 2% of caustic soda and 
gives a yield of 55-4%. 

Kumagawa and Shimomura (Z. angew. Chem. 
1923,36, 414) compared rice straw with bagasse 
for the manufacture of paper pulp. In spite 
of a much higher ash and silica content, rice 
straw was more easily decomposed than ba- 
gasse, but the yields ■n-ere smaller. The liigh 
ash content of the resulting fibre did not affect 
adversely the quality of the papeT^ 

Storage of Rice. — Jack and ‘ffagoe (Malay. 
Agric. J. 1930, 18, 447) say that under rat- 
proof and well ventilated conditions rice may bo 
stored in good condition for two years, but 
should be wnnowed before use. It can also bo 
stored in airtight containers for at least 2 
years if fumigated irith CS, (5 c.c. to 18 litres 
of rice). This fumigant ’imparts a yellow 
tinge to the uncooked rice, but does not affect 
its edibility. The vitamin B content of rice 
does not deteriorate on storing. 

Kondo (Ber. Ohara Inst, landw. Forsch, 
1926, 3, 153) studied the variations in tempera- 
ture of stored, hulled rice in relation to the air 
temperature and the changes in water content 
and other properties of the rice during storage. 

Kondo and Okamura (ibid. 1929, 4, 1) give 
data to show the superiority of storing rice in 
airtight vessels, or in CO 2 , over the normal 
method used by the Japanese farmer of storage 
in straw bags. The same authors (ibid. 1929, 4, 
127, 147, 163 ; 1932, 5, 375) conclude that the 
grains of unhulled rice are as hy'groscopio as 
hulled (brown) rice, although the husk itself is 
less hygroscopic than either. 

Storage of rice in the presence of CaClj 
minimises the loss of gerrainativo capacity with 
age (Kondo and Okamura, ibid. 1931, 5, 221; 
1935, 7, 99), There was no specific relationship 
observed between loss of germinating power 
and destruction of the catalase. Kondo and 
Okamura (ibid. 1932, 5, 395, 407. 413 ; 1934, 6, 
149, 175) continuing their studies on storage 
conditions found that the germinative power, 
vol.-wt. per 1,000 grains, HjO a bsorbing power, 
and swelling capacity of stored grain decrease 
■with time. Provided insect attack is avoided, 
changes in chemical composition were small in 
1 a period of 2-5 years. The relative vitamin B 
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contents during tlie first 4 years of storage were 
100. 93, 82, 01). and 23 respectively. The safe 
limit of storage of hulled nee in straw baga u 

2 jears. Conditions causing loss of genninat* 
ing power in stored nee (e g. high temperature 
and moisture) aUo favour loss of vitamin B 
Airtight storage tiiinimises losses. Prolonged 
storage of sun dn«l nee (11-13% H,0) did not 
greatly affect its plijsicil condition or chemical 
composition. Little or no peroxidase activity 
was retained, hut the catalase activity and 
vitamin B contents were relatively high. 

Ivondo and Okamura concluded that nee 
may be safely stored m seated eontainera, or tn 
CO} for several jcar<, if the HjO content la 
10-12%. With >14% H}0 drtenoration in- 
creases rapidly with rising water content 
Catalase activity of hulled nee decreases after 

3 5 5 ^ar 8 in storage, or earlier if uith >13% 
H}0. Glucose ami dextrin contents decreased 
rapidly. No change m vHainin B activitv 
occurred during storage for 5 jears with 
10-12% H,0. In unhulled me, stored for 
46-84 years in granaries (14-14 9% HjO), 
there was a decrease in fat and, in somo cases, 
m sugar content, but no change m protein, 
starch or ash. Tho activity of peroxidases 
catalase and urease disappeared, that of diastase 
and reductase declined considerably, but lipaso 
was not affected. Colour and davour deienor- 
ateil (Hondo and Okamura, Proc Imp Acad 
Tokjo, 1034, 10, 523) Storage in airtight 
containers of nee having 13% of HjO involved 
minimum changes in swelling capacity, flavour, 
ond gcrminative capacity la the range 
10-16% HfO changes m carbohydrate, protein, 
and ash contents were insignificant Fat, 
crude fibre, and Pu declined m gram stored with 
>14% H,0. Catalase activity decreased with 
rising H}0 content Vitamin B remained con- 
stant with 10-12%. but decreased with >14% 
H^O. btorage in CO, had no beneficial effect 
(Hondo and Okamura, Ber Ohara Inst landw 
Forach, 1934,6, 331) 

Bice with an initial HjO content of 14 2^(> 
lost 1 5% during storage with CaCI}. retained 
good <ioahty and a gerrainativc capacity of 
93-09%; with 10 9% initial HjO content, 
quality was less good and the gernunativo 
capacity fell to 33-04%. In both cases the 
lower parts of tho containers were less elfeclivcly 
desiccated and the rice was inferior. 

ViTAHiV B. — ^Thc study of benberi," a 
disease characterised by sev ere nervous disorder, 
occurring pnncipally among tho populations 
of the East, and avian polyneuritis, the physio- 
logical equivalent of human “ benlKn,” 
proved that they were caused by n diet restricted 
to highly milled or polished nee. “Benberi” 
ond poI>’neuriti3 can both be cured by a diet of 
unmiUed or home-milled rice, or by restonng to 
the diet tho voluablo constituents (embryo and 

G ricarp) removed in tho milling The diseases 
,ve b«n proved to be duo to the removal of 
vitamins from the rice, vix, the vit.imin B com- 
plex. Tho largest quantity of the anti 
neurotic factor is found in the embrjo or germ, 
tho bran (ptricarp and alcurone lajcr) contains 
Ic's. while the emlosjuTm h cntirelj deficient 
in this substanii. Thus the deficiency of 


polished nee is due more to the removal of the 
embryo than to the actual “ skinning ’’ of the 
gram. Bcnbcri can be cured by on alcoholic 
extract of the bran or nee meal. 

The normal composition of rice poh«hings 
(dorak), from which the .anti beriberi concen- 
trates (tiki tiki extracts) aj^e made, is given by 
Ilcrmano and Anido (PhihppineJ.Sci. 1933, 59, 
189) os protein 13 61, fat 16 06, carbohydrates 
38-36% 

Suzuki €l al. (Bioehem. Z. 1912, 43, 89 ) 
first isolated the anti neurotic principle from the 
alcoholic extract of rice bran and polishings and 
called it oryranin, not to be confused with the 
glutclin oryzenin, p 492. Oryzanin is soluble m 
water and ddute eJcohol, and js precipitated by 
some of the usual protein reagents (see Bj 
ViTASiis, Vol I, p. 583) 

Tox/c SuBsn.vcES PBEStirr iK Polbued 
Rice — Williams (Biochera. J. 1027, 21, 1349) 
stated that rice bran and meal although 
capable of preventing avian polyneuntis when 
incorporated in a basal diet consisting of polished 
nee. are distinctly harmful to pigeons when fed. 
as the exclusive diet This harmful effect v anes 
w ith different samples 

Distraction oj Vtlamn JB — Rosedalc, el a!. 
(Biochcm J 102S, 22, 1363) found that the 
antinueitic vitamin of an extract of rice pobsh 
mgs IS destroyed by fermentation and by 
stenlisation Van Veen's (Gencesk Tijds 
Ned Ind 1934, 74, 672) experiments showed 
that washing and steaming had little effect on 
unpolished nee. at least half of the vitamin B 
remaining intact Quite short washing had a 
great effect on slightly polished rice, whilst a 
single steaming did not causo much change 

Van V'een and Koks (Genccsk. Ttjds Ned. 
Ind. 1934, 74, 482) state that exposure to SO|. 
up to 3-4 3% cone, for almost 3 hours (the 
Clayton process) caused a loss of v itamm D| 
depending on the moisture and degree of milling 
of the rice, also on the method of packing 
When the nee was packed m sraall sacks the 
loss of vitamin Bj in dry paddy was ncghgihlc, 
that in lightly {lulled “silver skin" nee was 
over 30%, and that in half milled nee 60%. 
When aiiver-skm nee wivs packed m large sacks 
the loss of B, was ncgligi blc. 

Hondo (Proc Imp Acad. Tokyo, 1929, 5, 
159) proved that rice preserved for 4 years 
m CO} m airtight containers showed no loss 
in germination, food value, and vitamin B 
content when compared with freshly harvested 
nco, whilst nee kept in straw sacks showed a 
total loss of vitality. 

l*irosr«ORt.’S.OROAJfrc Co3fPOc;>DS. — Phos- 
phoric Acid occurs in organic combinations with 
inosite in tho seeds of many plants, including 
rice, the most important of these compounds is 
known as phytin. Thompson (J. Agnc. Rm 
19)5, 3. 435) records the following figures for 
phosphorus, rice bran 2 291%, unpolished 
rue 0 321%, polished rice 0 UO^q. He deter- 
luinctl the phytin by extracting JOO g- ®f 
the sample with 0 2% HCI and precipitating 
with alcohol; washed viith OO'^o alcohol and 
then with ether and dried at JOi'C Bran 
contained 822% phjtin. Nonp was obtaimd 
from polished rice. According to Bcrnadim 
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(Atti R. Accad. Lincci, 1911, 21, 2S3) 
phosphorus is distributed as folloivs : 


Form of combination. 

Enibrjo. 

O' 

tVholc grain- 
<» 

Lecithin 

0-04 

0-003 

Lecithide .... 

0-22 

0-018 

Phytin 

5-15 

0-436 

Xuclcin 

0-76 

0-502 

Inorganic .... 

0-04 

trace 

Borasio (Giorn. risicolt. 

1929, 19, 

131) found 


2-4% of phosphorus of ■which phytin accounted 
for 1-7% and lecithin 0-003%, in “ gemma ” or 
rice embryo. Kimura (Bull. IVaseda App. 
Chem. Soc. 1933, 19, 14) gives the composition 
of “ oryza-nucleic acid ” from rice embryo ; 
N 14-42%, P 0-81%. On hydrolysis he 
obtained pentose, guanine, adenine, and uracil, 
but not cytosine. 

Iwata (Proc. Imp. Acad. Tokyo, 1930, 6, 
212) extracted from polished rice 0-2% of a 
toxic compound, lysoheithin (C 24 H 5 (,N PO,), 
by repeated digestion with 94% alcohol. The 
compound is lajvorotatory, —4-52°, softcii-s 
at 100°, and decomposes at 262°-2G4°. On 
hydrolysis it yields palmitic acid, choline, and 
glycerophosphoric acid. 

Belfanti (Arch. Ital. Biol. 1931, 85, 190; 
Chem. Zentr. 1931, II, 2029) calls attention to 
the lack of phosphatase in polished rice which 
would decompose toxic lysolecithins. This is 
important in connection with the onset of avita- 
minosis. Marotta and C'alo (Annali Chim. 
Appl. 1932, 22, 763) extract the phosphorus- 
organic compounds with 0-25% HCI, followed 
by neutralisation with NaOH. 

Rice Products as Feeding Stuff. — 
Warrington’s (“ Chemistry of the Farm,” 1919, 
p. 130) classic figures for the composition of rice 
meal are : 

Sol. 

Albumin- carbo- 

IVntcr. olds. Amides. Fat. livdrate. Fibre. Ash. 

Of Of Of 0/ ' O/ U- O' 

tO /O /O JO JO JO JO 

10-3 11-3 1-0 12-0 47-8 8-6 9-0 

Digeslibilily (Warington, l.c. 144) ; 

Cattle, Sheep, and Goats. 

Digested for 100 of each constituent supplied : 

Total Nltro- Sol. 

organic genous carbo- 

mattcr. substances. Fat. hydrate. Fibre. 

75 63 85 86 26 

Peroni (Giorn. Agric. Domcnica, 1932, 42, 
12, 151 ; Bicd. Zentr. 1933, A-3, 434) after, 
feeding experiments avith cows and store cattle, 
suggests that rice bran should be oven-dried to 
prevent ranciditj- (c/. West and Cruz, Philippine 
,T. Sci. 1933, 52, 1) and found that broken rice 
tends to produce firmer fat than bran. Honcamp 
and Pfnfl (Landw. Versuchs-Stat. 1924, 102, 
243) describes digestibility trials with sheep fed 
on a basal ration to which various mixtures of 
rice-meal and ground rice-husk were added. 
The digestibility of the mi.xtures steadily 
decreased ns the proportion of husk increased.' 

Tirol (Agric. J. Fiji, 1933, 6, 41) records 
analytical data for coarse and standard rice 
bran. With pigs the former produces poor and 


the I the latter good growth ivhen fed with a supple- 
' ment of salt and lime. 

Martin (Arkansas Agric. Exp. Sta. Bull. 1934, 
303) contends that for the satisfactorj' fatten- 
ing of pigs on mixed rations containing rice, 
bran and other by-products, the process 
must be finished by the provision of hard fat- 
producing foods. Smith {ibid. 1934, 304) 

recommends the use of rice products for feeding 
poultry if supplemented -with a vitamin A 
concentrate. Hermann (Philippine J. Sci, 1933, 
51, 567), by feeding experiments on young rats, 
concluded that Mancasar rice, although con- 
taining less protein than the three other -varieties 
tested, has the highest nutritive value. Nagaska 
(J. Agric. Chem. Soc. Japan, 1933, 9, 1365) 
saj-3 that fresh, unpolished rice is more readily 
digested by rats than material heated to 150°C. 
or steamed. Sheets and Semple (U.S. Dept. 
Agric. Misc. Publ. 1931, 132) record the analyses 
of milling products and their uses in various 
livestock rations. 

Some of their findings are : for milch cows 
rice bran is worth, in digestible nutrients, about 
5% more than wheat bran and 75-80% as much 
as ground corn, but rice polish is superior to 
ground com. For fattening cattle brewers’ 
rice and rice polish have practically the same 
feeding value, but in the feeding of hogs the 
quantity must be limited on account of its 
tendency to produce soft pork. For horses and 
mules good results have been obtained with 8 lb. 
of ground rough rice, as has 1-1 f lb. cottonseed 
meal daily per 1,000 live w-eight. In general 
rice bran and rice polish should be fed w-ith 
barley or com or supplemented by some variety 
of oil cake or a similar food rich in protein. 

Physiological Chemistry of Rice Plant. — 
Davidson and Chambliss (Science, 1932, 75, 
294) analysed five varieties of Chinese rices 
grown on soil continuously cropped for cen- 
turies, and four rices grown under the American 
method of cropping. There were no marked 
differences betucen the tu-o groups in ash, N, 
P, K, Ca, Mg, and S contents. Professor King, 
in his book “ Farmers of Forty Centuries,” 
contends that the Chinese and Japanese cultiva- 
tors have long been applying quite as much of 
the three main plant foods (N, P, K) as are re- 
moved by the crop. It is true that rice in China 
and Japan is grown under continuous cropping 
but not -without restitution of plant food. 

In a private communication, M. R. Ry. K. 
Ramiah reports on the formation of starch in 
the developing rice kernel thus : “ In the 

early stages of grain development the starch is 
present in the ovary wall and pericarp layers and 
gradually infilters into the endosperm region. 

. . . Starch appears in the embryo a little later 
than in the endosperm. As the grain matures 
the starch gradually disappears from the peri- 
carp but remains longer in the embryo region. 
Starch was first noticed in the endosperm 
on the fourth day after anthesis, whereas 
Shinichi Terada (J. Coll. Agric. Sapporo, 1927,. 
19, 245) observed it to have taken place on the 
eighth day." 

Tao (B'uU. Chem. Soc. Japan, 1930, 5, 64, 69) 
studied the chemical changes of the starch during 
germination. 
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Lo^3 of weight occHfs during germmatwii, dement to become « limiting factor in growth, 
the chief decrease occurring in the etarch con- l^itra and Fhukan (Proc. XV. Ind Sci Cong 
tent, whilst the amount of reducing sugars 1D28, 167) reported that masimum root 
and soluble pol^sacchandes increases, hut not development was associated with a water- 
I'ufiicicntly to account for the starch dcstro3xd culture In which 0 5 of the total osmotic con- 
Fat remains constant. Sahasrabuddhe and centration was dueto KHjPO^, 0 2 to MgSO,, 
Kibc (J. Vniv. Bombay, 1934, 3, 121) studied and 0 3 to CaiNO,),, and minimum root 
the seed from the time of sowing until it was development with 0 3, 0 2, and O-S respectively, 
depleted of its food constituents. The seed Mitra and Phukan (Agnc. J. India, 1929, 24, 
absorbs water rapidly and retains a high 190) continued their cTperiments with riee 
moisture content throughout. Crude fihto and seedlings using water cultures of p„ varying 
ash are little utilised, and 00% of the proteins from 3 0 to 8 4, The total length of root pro 
are used up. Tno ether extract increases for duced was again taken as a measure of plant 
some time, due to formation of fatty acids, growth. The maximum growth was obtained at 
The soluble carbohydrates are first converted j>(, 7-9. At pg 6 0 growth was below notmali 
into glucose and finally utilised by the growing atpg 3’fi the culture solution was strongly toxic, 
parts of the new plant. An amylohjdrolytic and at pg 3 3 growth was inhibited. Evidence 
enzyme is present in the germinating nee seed, is presented that toxicity was due directly to 
Dastur and Desai (Ann Bot. 1935. 49, 53) the hydrogen ion concentration and not to tbe 
investigated the aerobic and anaerobic respira titratable acidity or alkabnity. Dastur and 
tion of rice seeds. In rice germinating in air Malkani (Indian J. Agnc. Sci. 1933, 3, 157} 
tbe total sugar content at any time is directly found that from solutions of ammonium sails 
correlated with the output of CO. When the nee plant absorbs more NH^ ions than 
germination occurs in an atmosphere of nitrogen anions. After 8 days the pg of the solution 
no hexosea occur at any stage, sucrose is present drops From nitrate solutions a similar pheno- 
only in sroall amounts, but ethyl alcohol is menon is noticed, but in the later stages the 
formed In aerobic and anaerobic respiration NO^ ion is absorbed in greater proportion than 
the COj produced is more than equivalent to the cation and so the pg of the solution rises 
the carbohydrates lost. The excess is probably These results arc quoted as an explanation of tbe 
derived from the oxidation of organic acids work of Kellner (1884) and others who observed 
formed during protein synthesis Tadokoro that the nco plant needed ammoniacal nitrogen 
(J. Coll Agnc Sapporo, 1027. 20, 333) in tbe early stages of growth and zutrate 
studied the chemistry of ripening nca gram, nitrogen in the later stages 
During the nMnmg process the non protein Dastur. in collaboration with Kalyani (Indian 
decreases and tne protein increases. The com- J. Agnc. Sci 1934, 4, 803), continued his investi- 
position of the oryzenm changes by a decrease gattona on the nitrogen intake of the nee plant 
of mono-ammo and an increase of diammo withr^ard to (a) changes in the pg value of the 
nitrogen The degree of po)ymen<ation of soil and plants when fertilised with ammonium 
the starch decreases m the middle of the npemug sulphate, sodium nitrate, and a mixture of tbe 
period and then increases later. two salts ; (6) pg of the water culture solutions 

Tadokoro and Abe (J Fac. Agric. Sapporo, before and after nee seedlings, 7 days old, 
1030, 27, 349) found that dunng npe- had remained in them for a fixed period, and 
nmg the ash and phosphorus decreased at pg of the plant juices ; (e) the iso electric point 
first. The total nitrogen was unchanged, but of the proteins in the protoplasm of the roots 
the rotio of protein to non protein N increased and leaves. The results show that the iso- 
The water soluble protein decreased, whilst the electric point of the plant-tissue hes between 
NaCI and alcohol soluble groups increased pg 4 1 and 4*4. In the early stages of growth 
The amount of dextrose formed by acid hydroly- the pg values of the roots he on the alkaline 
SIS was maximal before complete ripeness side of the isoelectric point of their proteins 
At the same period the rotatory power of tbe and therefore the latter ivill combine more 
acctylated starch was maximal and its acetyl readily with the basic ions than with the acidie 
content minimal. ions. As the ammoniacal nitrogen is in form 

PXJl^T Foot>- REQViBEStESTS OE BiCE. — of the basic ion it IS absorbed in the earlier 
Bice takes up nitrogen m the form of ammonia, stages of growth while the nitrate ions, being 
amides and nitrates, but Nsgoaka (Bull, acidic, are very httle absorbed. Tbe reverse is 
Coll. -Agnc. Tokyo, 1904, 6, 283) found that tbe case dunng the later stages of growth. Tbe 
upland riee (hiU nee) which grows normally pg of the roots is on the acidic side of the iso- 
in aerated sod needs less ammoniacal nitrogen electric point and therefore the proteins of the 
than docs awamp rice. Espino (Pbil. Jlag. roots absorb acidic ions in preference to basic 
1920, 16, 455), experimenting with water Jona. Thus the absorption of nitrate nitrogen 
cultures, show ed that some nitrate w os necessary takes place w hile the absorption of the ammoraa- 
to even the youngest nee plants. Jn the cal nitrogen diminishes. 

absence of nitrates the tips of the leaves always Jacobson (J. Amer. Soc. Agron. 1923,17, 583) 
died. Gericke (Soil Sci. 1930, 29, 207) adversely also atudied the changes of pg of water culture 
cnticued Espino’s work. He stated that the solutions with nee. Four solutions of different 
nutrient requirements of rice cannot he deter- salt compositions were employed. Previous 
mined by growth to maturity m complete to the teat the cultures were grown in their 
nutrient solutions. Under these conditioos the respective eolutioni, which were renewed every 
plants absorb more mineral matter than » 3} days, for 100 days. On the hundredth day 
utilised for growth purposes. Iron is tbe first fresh solutions were supplied to each culture. 
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after -which samples of these were taken at 
different intervals for 3 days and analysed for 
total N and tested for ; 

(1) 80% of total N was gradually removed 
during the 3 days of the experiment. 

(2) The jpjj changed from 5-0 to 3-0 in one 
3-day period. 

(3) The decrease in p,;, although gradual, was 
more marked after photosynthesis had ceased. 

(4) CO 2 from roots was probably the main 
•cause of this decrease. 

(5) The taking up by the rice plants of cations 
of salts having SO 4 anions, resulting in the 
formation of H 2 SO 4 , was only a partial cause. 

Ishizuka (J. Agric. Chem. Soo. Japan, 
1934, 10, 128) after experimenting with sand 
cultures on the adsorption of N, P, K, concluded 
that K is required throughout growth, and N 
up to the ninth week. P is necessary for the 
first 3 weeks or for the whole period after the 
third week, the former being better. 

Investigating the adsorption of Ca and Mg 
by rice plants in water cultures, Ishizuka 
(i 6 id. 1933, 9, 1022) found that the CaO/MgO 
ratio was 3 ; 1 at first but gradually approached 
1:1. Gile and Carrero (J. Agric. Res. 1915, 5, 
357) analysed the ash of upland rice at different 
stages of growth. They found that the amount 
of potash, phosphoric acid, and sulphur in the 
ash of the whole plant above ground decreased 
with the age of the plant, while silica increased 
and N in the dry matter decreased with age. 
The percentages of iron in the ash of the green 
loaves and straw decreased with the ago of 
the plant, while the iron content of the above 
ground portions of the plant remained constant 
after 20 days’ growth. The total ash varied. 


thus : 

Ash — “i on dry matter — 
Days. wliolo plant above ground. 

18 17-75 

48 22-21 

103 14-99 

123 14-90 


Gile and Carrero’s conclusions do not agree 
with the findings of Herrero (Actes du Congrts 


Intemat. de Riziculture Valencia, 1914, 128), 
■with regard to potash. Treating the plant’s 
maximum content as 100, Herrero tabulates his 
results as foUo-vvs : 



Seed- 

bed. 

Growth. 

Flower- 

ing. 

Matur- 

ing. 

Duration . 


52 

22 

22 days 

Nitrogen . 

0-94 

74-90 

85-51 

100 

Phosphoric acid 

1-01 

75-80 

93-10 

100 

Potash . 

0-81 

74-84 

100-00 

48-60 

Dry weight 

8-20 

70-80 

84-00 

100 


Kelly and Thompson (Hawaii Agric. Exp. 
Sta. 1910, Bull. 21) made a full investigation of 
the composition of the rice plant at various 
stages of growth both -with and without the use 
of fertilisers. The following tables show the 
composition of the dry matter of the plants on 
the untreated control plots. 


Composition op Dry Matter. 


Just before 

Formation of the Flower. 



Vegetative 

Total 


Boots. 

portion. 

plant. 

0/ 

Nitrogen 

■ 0 

. 1-14 

2-43 

2-17 

Potash . 

1-86 

2-51 

2-38 

Phosphoric acid 

. 1-10 

0-89 

0-93 

Lime 

0-44 

0-19 

0-24 

Magnesia 

. 0-51 

0-24 

0-29 

Carbohydrates . 

. 29-94 

30-36 

30-27 

At Time of Full Flower. 





Total 

Leaves. 

O' 

Boots. Stems. 

O' 0 

Panicles. 

plant. 

/O 

Nitrogen . 1 -80 

O-OS 0-G3 

.'0 

1-45 

>0 

1-15 

Potash . 1-89 

0-93 1-77 

0-72 

1-49 

Phosphoric 




acid . 0-63 

0-91 0-74 

0-68 

0-71 

Lime . . 0-36 

0-42 0-12 

0-12 

0-22 

Magnesia 0-20 

0-39 0-21 

0-27 

0-24 

Carbo- 




hydrates 24-00 

35-09 44-08 

33-01 

34-86 


At Maturily. 



Boots 

0 

u 

Stems 

0 

/O 

Leaves 

O' 

/O 

Chaff 

<1 

0 

Grain 

O' 

tO 

straw 

/O 

Total plant 

tO 

N . . . 


0-50 

0-80 

HIIStH 


0-58 

0-90 

K„0 . . 


2-18 

1-30 

HStH 



1-10 

PcOs • • 



0-28 




0-61 

CaO . . 


0-10 

0-09 

.0-15 



0-19 

MgO . . 

Carbo- 

0-83 

0-08 

0-21 

0-26 

0-27 

0-13 

0-24 

hydrates 

34-55 

29-01 

18-53 

18-02 

79-66 

24-36 

47-.32 


Some of Die Cojiclusiomt. — Ecrtilisation with 
nitrogen either with or witliout minerals greatly 
increased the growth of tlio rice at all periods of 
its development. 

Tlic percentage of N was considerably 
increased by N fertiliser and wn.s .“till further 
increased by the application of minerals in 
addition to nitrogen. The percentage of N 


in the mature plant wa.s not materially changed 
by the fertilisers. 

The plants receiving N, P, K contained at 
every period of growth a higher percentage of 
potash. 

The percentage of PjOj at the first period w.is 
influenced sUghtly by the fertilisers. In sub- 
scqticnt grou th no dilVerenec in the phosphoric 
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acid content was found. The Ca and Mg 
in the total plant were not greatly different 
at the several penoda of growth. The Ca at | 
maturity is stored in the leaves while the Mg 
jniirrates to the grain. 

The bjdrolysable carbohjdrates vary in-j 
Tersely with the percentage of N abaorhed 
Reducing sugare were found at all stages ofi 
growth and were greatest at the first penw I 
Sucrose. — First period, traces only, second 
nod, 10 3S% in stems. At maturity this bad i 
en largely converted into etareh ' 

Chlorosis — According to Wilbs and Carrero 
(J. Agric. Res. 1923, 24, 621) nitrogenous j 
fertilisers may cause chlorosis m nee. The ' 
basic residues of sodium and calctam nitrates 
may precipitate iron in a form unassimilabte I 
by plants, whereas the acid residues from 
ainrsoniom sulphate tend to retain iron in a 
soluble form. The infenonty of nitrate fer I 
tiliscra compared with ammonium salts for 
rice IS ascribed to chlorotic effects rather , 
thin, as prci lously beliei ed, to the toTic effect ' 
of nitrites produced by reduction Metzger and 
Janssen (J. Agric. Fes 1928, 27, S89) say that' 
nee plants become chlorotic when they suffer 
from a lack of available N, particularly 
ammonia, in the early stages of nontb 
Kapp (Arkansas Agnc Evp Ste. Bull 1932. 
No. 277) reported that chlorotic plants occurred 
on soils recciMng nitrogenous fertilisers but no 
lime. Addition of iron salts did not always effect 
an traprorcnient. He suggests that chlorosis 
IS the result of an unsuitable Pe . Mn ratio 
Mi>ako and Adachi (J. Btochem. Japan. 
1933. 5. 321) found that nitrogenous fertilisers 
lowered the hydrogen ion concentration of the 
juice of the rice plant, the effect being greater 
w hen applied m conj unction u itb P and K. On 
the other hand, P alone increases the hydrogen 
ion concentration, the effect being weakened 
by K or N. In the first period of growth K 
decreuses and in the second period increases 
the hydrogen ion concentration of the juire. 

Behai (Comp rend 1928, 186, 7SI) showed 
that the leaves of the nee plant contain more 
J'.w) Jiwf K.'fft.'v Ahr.T tiff fftffosff. < 

Probably the only reducing sugars present are I 
the inversion products of sucrose. The amount I 
of sugars increases towards the autumn I 
According to Soriano (Philippine Agnc 1934, 23, 1 
29S), leaves of plants fertilised with ammonium ' 
sulphate contained more chlorophyll and less 
ash than those receiving nitrate of soda. The 
dry matter was equal m both cases. Root 
excretions of grasses and weeds have been 
found to be injurious to other plants. According 
to Copeland (‘‘Rice,”p. 27), ^']}legras attributes 
to this cause the poor growth of rice preceded 
by cogon grass (lalnng). 

Onodcra (Bcr. Ohara Inst I.indw. Forsch. 
1923, 2. 3S3) showed that the gases from the 
decomposition of green manures may have a 
harmful effect on the growth. In laboratory 
experiments using "gingo” {Ailrala^ sinicua) 
as a green manure, the growth of nee was 
improved by applications of lime, or calcium 
carbonate, or uy treatment of the soil with 
H|0{ On the field scale the best results were 
obtained by liming, the application of super* 


phosphate and draining of the water in the 
I middle of the growing season to allow the soil 
to crack and aerate. Tziurupa and BezruchenVo 
i(X- Cancassian Gram Inst. CoU Sci Papers. 

1 1933, 1. 89) proved that the failure of second 
year planting of nee m Kuban under conditions 
jof constant flooding was due to the utilisation 
I of oxygen by sulphur bacteria inhibiting the 
germination and subsequent development of the 
^seedlings. 

' EfTEcr or Febtilisers os the Commshtov 
or THE Rice Crop — Seven years’ tnals m 
: Mandalay, Burma (Charlton, private com- 
' raumcatioaj, testing the effect of various 
fertilisers on the composition of the crop 
I showed that farmyard manure and super 
phosphate were by far the most important m 
this direction The percentage increase m 
I “ mineral ” content above that of the control 
plots w as as follow a 

I N P.Oj K,0 

PVMGram .3 14 14 

j Straw 8 160 17 

I Super. Gram .10 14 8 

„ Straw 6 167 —1 

Am Sulp Gram 0 -16 -8 

Strsvi- 0 -20 -7 

Sod Kit. Grain 3 -6 -3 

„ „ Straw *“5 —11 —1 

Superphosphate was shown to be much 
more active than bone meal Nitrogen manures 
used alone tended to reduce the PjOj and K,0 
in gram and straw. The effect being more 
pronounced w ith ammonium sulphate than wffh 
sodium nitrate, but this effect was not shown 
when super was given in addition. Potash had 
very little effect on the composition of the 
gram, dung, m fact, being the only manure that 
affected the potash content to any appreciable 
extent. Apart from an 8% increase in P,Oj 
m the gram the effect of hme was negligible 

Awslytical — Only a few methods of special 
interest wiJ) be mentioned. 

i?«ce Flour, and Starch — Wagenaar (Z. Unten 
Lebensra 1927,54,357! 1928, 56.203) descnbei 
micruscopicuf nrefdoifir Ar fdo 
determination of rice flour in other flours and 
in apices. One method depends upon the 
adsorption of an acid dye, fuchsin-S. by the 
protein granules. The peculiar distribution of 
these in the rice gram gives a characteristic 
appearance to the particles of rice flour. This 
method is not applicable to the esanunation of 
pepper, but a solution of carmine in ammonia 
and gly’cerm is quite satisfactory. 

Tuffi and Borgbetti (Annali Chim Appl. 193j, 
25. 331) give the following method for the 
detection of nee starch m wheat flour. A 
mixture of 10 g. of the flour with 300 c c. of 
H.O is left for 5 minutes, the supernatant, 
milky liquid being decanted and left for 5 
minutes; a third similar settling is earned 
out. A drop of the resulting liquid, spread on a 
microscope slide, is allowed to dry, and the 
residue fixed by treatment for 5 minutes with 
methyl alcohol. Thedry residue is stainedforo 
minutes with a fresh mixture, in equal volumes 
of02% methylene blue and 0 1% cosm-A »oIu 
I tions. After w ashing w ith w ater the rice starch 
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grannies appear bluish-green, large -wheat starch 
granules colourless or pale blue, and the smaller 
ones colourless ; masses of violet-stained protein 
are usually seen ; 1% rice starch is detectable. _ 

Bice in Linseed Cake . — Cecconi and Ferrari 
(Ann. Falsif. 1936, 28, 335) describe a method 
for detecting rice in linseed cake based on the 
high percentage of ash in the crude fibre. 

Determination of Starch in Bice and Other 
Cereal Producls.—Ball (J.S.C.I. 1931, 50. 429T) 
suggests that the term starch “ be reserved 
to describe all matter included in and within 
the geometrical envelope of the starch grain 
irrespective of its chemical and physical con- 
stitution.” The malt-diastase method.s of 
O’Sidlivan (J.C.S. 1884, 45, 1), slightly modified, 
Bro-wn and Millar (Trans, of the Guinness Res. 
Lab. 1903, 1, 79), and Tempus (Naturprodukte, 
1923, 52), -when applied to rice give figures which 
are in accordance -(vith the starch determined by 
“difference ’’and with figures obtained in the com- 
mercial extraction of starch from rice, and there- 
fore satisfy the authors’ definition of starch. 

Bice H\isha in Bran . — ^Marchadier and Goujon 
(Ann. Falsif. 1924, 17, 328) describe a method 
for determining rice husks in -wheat bran. 
The method depends on the large proportion 
of silica present in the ash of the rice husk. 
Wheat bran yields an average of 5-5% of ash, 
and when this ash is treated with sulphuric and 
hydrofluoric acids, evaporated, and re-ignited, 
the loss or gain in weight docs not exceed 0-2%. 
Rice husk yields 16-3-17'5% of ash, and the 
decrease in weight after treatment with 
HjSO^-bHF is about 94% (15-l-16-4% cal- 
culated on the husk). 

Raunicr and Pau (Ann. Falsif. 1930, 23, 229) 
state the amount of adulterant is determined by 
calculating the ratio of ash to silica, the figures 
obtained being for bran 7-78, sa-n'dust 2'26, 
rice hulls 1-05. Rico hulls and sawdust give 
different colours from those given by bran and 
sharps when treated with iodine or with methyl- 
p-phenylcne-diamine sulphate or -with phloro- 
glueinol and phosphoric acid. To characterise 
the adulterant, parallel colorimetric testa are 
made on the sample and on a mixture made 
according to the results calculated from ash and 
silica content. 

According to Amos (Analyst, 1929, 54, 332), 
rice husks may readily be detected under 
the microscope after boiling the sample with 
chloral hydrate, for the cells of the outer 
epidermis are arranged in longitudinal rows. 


are square in general outline, and have very 
sinuous side walls. Dagger-like hairs or hair 
scars are also to be seen. A normal bran has a 
fibre content of 7-10%, sharps 4-5-6-5%, but 
rice husks contain about 40% fibre. Honcamp 
and Pfaff (l.c.) estimate the husk in rice meal, 
etc., by heating with dilute HCI. The hea-vier 
sediment is -washed, by decantation, free from dis- . 
solved and suspended matter, dried, and weighed. 

Sand in Bice Flour . — Edilhauser (Chem.-Ztg. 
1930, 54, 44) incinerates 5 g. of the material 
over a micro-bunsen, boils the ash for 10 minutes 
with 10% HCI. The liquid is filtered and the 
filter paper -ivith residue is gently boiled for 
J hour with 100 o.c. of 1-25% KOH. The 
residual sand is -washed -vrith very dilute HCI, 
ignited, and -weighed. 

Determination of “ Silver Hush .” — ^The deter- 
mination of “ silver skin ” or “ silver husk ” 
in rice is a measure of the vitamin B content. 
Goudswaard (Pharm. Weckblad, 1933, 70, 770 ; 
Pharm. Tijds. 1933, 10, 112) enumerates the 
various methods for determining the vitamin B 
content of rice. He suggests a ne-w method of 
double staining the grains, first in a medium 
(diluted 10 times) consisting of equal parts of 
10% aq. K 4 Fe(CN )6 in acetic acid, then in 
FeClj, and finally in a medium of 6% PhOH 
and 1% fuchsin in 10% EtOH similarly diluted. 
The silver skin of the unpolished rice is stained 
red and the kernels with no silver skin (polished 
rice) are coloured deep blue. 

Wild Bice {Zizania agwa(ica).— Winton (l.c. 
p. 155) quotes analyses of the grain from this 
species. “ It is sometimes known as Indian, 
water, or black rice and water oats, grows in the 
wet marshes of streams and lakes both on the 
coast and inland.” Johnson (U.S. Daily Con- 
sular and Trade Rep. 1912, 15, 258) states that 
“ in the province of Ontario, Canada, and 
neighbouring states of the U.S.A. the Indian 
tribes gatlier the crop in canoes, dry it in the 
sun, parch it in iron pots, and thrash out the 
kernels.” Kennedy (J. Agric. Res. 1924, 27, 
219) describes it as an annual grass gro-wing 
extensively in North America. By feeding 
experiments on rats it was found to be an 
inadequate food. Its proteins are of lo-w 
biological value, its inorganic constituents are 
insufficient for growth, and it is deficient in 
vitamin A. It has, however, a greater food 
value than cultivated polished rice, since it 
contains more protein (14%), which is of better 
quality', and sufficient vitamin B. 


Co.uPosiTroN OF AYild Rice. 



Wafer 

"o 

Protein 

"o 

I'at 

‘Jo 

N-frcc 

extract 

o« 

/o 

Starch 

O' 

>0 

Soluble 

carbo- 

hydrates 

n* 

/O 

Fibre 

Asli 

O' 

.0 

W'oll : 







Hi 


Parched 

9-.54 



74-04 






1-44 

Sun-dried . 

9-99 

I3G5 


72-08 

— 

— 


1-58 

Kennedy : 









\ ... . 

7-74 

13-30 

0-46 

75-96 

65-20 

2-98 

1-39 

1-09 

11 ... . 

7-85 

1.3-97 

0-89 

74-50 

61-69 

3-69 

1-41 

1-38 

HI ... . 

8-93 

14-02 


72-62 

60-47 

2-33 

1-94 

1-17 

IV ... . 

7-83 

14-40 


74*57 

62-03 

2-93 

1-29 

1-25 
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Mi.KERAL CONSTITIEVTS (KESXEOY). | 
K|0 Nj|0 C»0 MjO P,p, SO, ' 
0 066 0 0S6 0 025 0-133 0D71 0 6281 

Ackkowledcements. — W here reference to I 
the original papers has not been possible, n«e 
has been made of the following. “ British 
Chemical Abstracts"; Winton. "Structure I 
and Composition of Foods,” ^’ol I , Copeland. J 
" Rice ” — to the authors of which thanks are 
due. W. R.S. L. 

WHEAT. 

Wheat has been cultivated for at least ! 
6,000 \ears, and one of the earliest varieties, 
Emmcr, is still found among isolatedraces For 
the origins of wheat, fee Vasilov, “Study of 
Origins of Cultivated Plants, " Inst Appl 
Botany, Leningrad, 1926 , Elliot Smith, ICature. ' 
1927, 119, 81. Pcreival. ibid 157; Peake, tftirf. 
153 ; and Int Rev. Agric , Pt 2, 1929, 20. 420 
Etjsting sarjeties arc described by PercivaJ, , 
“Wheat Plant,’ 1921, and are divided into' 
three species, diploid*, tctraploids and hexa - 1 
ploids, distinguished by chromosome numbers I 
of 14, 28 and 42 respectively. The diploid j 
Tnlieuin motioeoeeum (Einkom) is a very ancient 
species, probably originating in Asia Minor, 
where it ts stilt found wild and occasionally i 
cultivated. The tetraploids, which probablyi 
originated in Ahvssinn. include T. dicoccum 
(Emmer), 7*. turyiduin (rivet wheat), native to 
the Mediterranean but still growm in England, 
and T. durum, the macaioni wheats The 
hesaploiJ wheats include the very important 
bread wheats, T lul^ore. and the rarely culti 
sated T SjitXln The) appear to have b«n 
disseminated from Afghanistan and Upper 
India At A later ilate than Earner and Emkorn. 

Wheat IS now the most widely used of all 
cereals, owing to high nutritive v^ue combined 
with the dough forming properties of the gluten. 
While superior to rice and maize, especully m 
protein and mineral content, it is about equal m 
food value to barlcv, oats, and rve, but is unique 
in posscs'iiig the coherent gluten which makes 
it pee eminently suitable for bread making. 

The (Xr/nfaw/ficni of fho tdreat gram vanes 
greatly with the variety and the climate and 
to A smaller extent with soil, fertilisation, and 
time of harvesting (Humphnes and Biffen. 
J. Agnc. Sci. 1907, 2. 1 . Biffen. i6iJ. 1909, 3. 
86; Jacob, Z. angevv. Chem. 1935, 48. 246, 
Iksj field. Ohio -Agric. Exp, Stn Bull. No. 563, 
1936J. The greatest variation is in the cellulose I 
content, the least in the fat {Berrzeller ami I 
WastJ, Biothcm. Z. 1927, 181. 117). Thel 
changes m composition of the developing gram 
have been investigated bv Teller (Ark. Exp. 
Sta. Hull. A*o. 52, ffi£Ki), Crenchfey and JfaKi 
(I. Agric. Sri. IIHK). 3, 195), and Woodman and! 
Englcilow (ibid. 1921, 14, 563). The most 
marked change is in dextrose content, which is 
relatively very high m the early stage# of gram 
tlev elopmen t. The immature grain u also ncher 
m nitrogen and ash, and has a slightly higher 
diastatic activity than the ripe gram. The 
mateml entering the gnm is of nearly constant 
composition throughout. About a quarter of 
the nitrogen is at first present in the form of 


soluble compounds ; these are converted almost 
wholly into protein. In the last stages, the chief 
change 3# Joss of water, finally so rapid that the 
weight of the grain falls. According to Neumann 
(“ Brotgetreide u. Brot," 1929, 3rd ed , p 175), 
on average sample of wheat contains : 

Carbo. 

Water Protein Fat. hj Urate. Fibre. A»h, 


50 110 


1 9 


63 5 


19 17 


Other analyses are given by the authorities 
already quoted and by Aloj and Untersteiner 
(Quad. Nutnzione, 1936, 3. 32). These con- 
stituents are by no means uniformly distributed 
through the gram : the protein, fat, fibre, and 
minerals are concentrated in the bran and germ, 
while the endosperm (about 85% of the gram) 
consists largely of carbohydrate, although the 
protein of the endosperm is actually considerable 
and 18 responsible for the bread-making 
properties. 

Of the qualifies which vary with variety, etc , 
the most important from the baker's point of 
view- IS protein (gluten) content. This is affected 
much more bj climate than by any other factor, 
as IS indicated by the following results of experi 
ments by Leclerc and Lcavett (U.S. Dept 
Agric. Div Chem. Bull. No. 128, 1910) . 

FrotciD In product 
grown In 

Origin of Protein CsU- 

Avar seed In seed Esnsas fornla Tesa* 
1006 Kansas 16 22 19 13 10 38 12 18 

11007 Kansas 19 13 22 23 11 00 16971 

1907 California 10 38 2223 11-33 1822 

1 1907 Texas 12-18 22 81 11-37 lS2l| 

The Enghshor North western European climate 
tends to produce soft, starchy wheats of low 

S rotcin content, an average figure being 7 to 8%. 
Iigh protein wheats, of an average content of 
12-14%. are grown in the prairie regions of 
North Amcnea. Wheats of intermediate pro- 
tein content and baking quality are grown in 
other certain well-defined areas. Although 
wheat IS stated to be grown in every country m 
the world except Siam there are, m fact, eight 
great and duf met wheat regions m the w orW . 

A Europe : 

(1) The plains of Southern Russia and the 
Danube Basin, the latter including 
Rumania and Hungary. 

(2) The countries bordering the Slcditerranesn 
Sea, especially Italy. 

(3) North-western Europe, ry. Germany, 
France, Holland, Belgium, Great Britain. 
B North America : 

(1) The great central plains of Canada and 
U.S A. which arc really one region 
although belonging to different countries 
(2) The Columbia Basin m the extreme north 
west orU.S.A., i.c. Eastern Washington 
and Oregon. 

C. Northern India, mainly the Indc Gangetic 
Basin and Punjab. 

D. Central .Argentina. 

E. Southern Australia. 

“ Strength " or good baking quality, 
is not nccessanly always associated with higd 
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protoin content. Durum or macaroni wheats 
have a high protein content but are not of 
satisfactory baking quality. “ Strength ” is also 
associated with variety. Eife, for example, 
shows marked “ strength ’’when grown in Eng- 
land although many foreign “ strong ” varieties 
become “ weak ” when grown in our climate. 

Spring wheat usually contains more protein 
than winter wheat. This is not a case of cause 
and effect, but is due to spring sowing being 
general in those climates which produce high 
protein wheats. (For a further discussion, «ec 
Fisher and Jones, “ The Wheats of Commerce,” 
2 vols., 104 pp., London, 1932.) 

The proteins of wheat have been studied by 
many workers. Osborne (Amer. Chem. J. 1893, 
16, 392 : 1894, 16, 524 ; Amer. J. Phys. 190.5, 
13, 35 ; 1906, 17, 223 ; Carnegie Inst. Wash. 
1907, Pub. 84) divides them into gliadin and 
glulenin, forming nearly all the protein of the I 
endosperm, and leucosin, globulin, and a small 
quantity of one or more proteases, contained 
chiefly in the embryo. Gliadin is insoluble in 
neutral aqueous solutions, but distinguished by 
ready solubility in neutral 70% alcohol. Glutenin 
is similar in elementary composition, soluble in 
very dilute acids and alkalis, but insoluble in 
dilute alcohol or neutral aqueous salt solutions; 
it differs from gliadin in the proportions of the 
decomposition products obtained on boiling 
with strong acids. Leucosin resembles albumin, 
is freely soluble in water, and coagulates on 
heating the solution to 50°-60‘’. The globulin 
is similar to that found in other seeds. The 
fractionation of wheat protein by means of 
various solvents has been investigated by Sharp 
and Herrington (Cereal Chem. 1927, 4, 249). 
The gliadin : glutenin ratio was formerly thought 
to determine the baking quality of flour 
(Fleurent, Ann. Sci. agron. fr. 1898 (2), 4, (i), 
371), but recent investigations show no correla- 
tion (Kosrain and Popzowa, jliihlenlab. 1934, 
4, 163 ; Feyte, Ann. Agron. 1935, 5, 72). 
Jloreover, according to Blish (Cereal Chem. 
1930, 13, Ro. 5, suppl. 10), these fractions are 
themselves complex mixtures, varjdng in 
composition with the conditions of preparation, 
while Rich {ibid. 1930, 13, 522) considers wheat 
protein to be a single individual. On hydrolysis, 
wheat protein yields an exceptionally large 
amount of glutaminic acids and of ammonia, 
about the same quantity of histidine as most 
seed proteins and relatively little arginine and 
lysine (Osborne, l.e.). The amino-acids essential 
for growth are present in larger proportion in 
the jirotcin of the bran than in that of the endo- 
.sperm (Murphy and Jones, J. Biol. Chem. 1926, 
69, 85). 

The carbohydrate of wheat, especially of the 
endosperm, is mainly starch ; dextrin, reducing 
sugar, and sucrose are also present, mainly in the 
germ. The germ also contains nearly all the fat. 

The average mineral content of wheat is 
given in the follou-ing table, compiled from 
various sources : 


Whole wheat 

Fe 

0-0050 

Ca 

0-045 

K 

O' 

0-473 

Nj 

0-039 

Bran 

0-007S 

0-120 

1-217 

0-154 

Germ 

— 

0-071 

0-296 

0-722 



P 

Cl 

S 

Mg 


O' 

eO 

,o 

% 

% 

Whole wheat 

0-423 

0-068 

0-181 

0-133 

Bran 

1-215 

0-090 

0-247 

0-511 

Germ . 

1-050 

0-070 

0-325 

0-342 


A small quantity of manganese is also an 
essential constituent ; its variations have been 
investigated by Albizzati and Carradd (Ann. 
Soc. cient. Argent. 1936 (3), 121, 97). The 
calcium : phosphorus ratio (1 : 10) indicates 
that wheat foods must be supplemented by 
others rich in calcium, the ratio considered 
necessary for health being 1 : 1. The phos- 
phorus is present mainly as phytin (in which 
form very little can be assimilated), nucleotides, 
and lipins ; in wheat germ the proportion of 
the total phosphorus present in these three forms 
of combination is 42, 28, and 9% respectively 
(Javillier and Colin, Bull, Soc. Chim. biol. 1933, 
•15, 1552). The phosphatides of germinating 
wheat contain (saturated) palmitic and (un- 
saturated) linolic acids in the ratio of 1:5 
(Dieniair and Bleyer, Biochem. Z. 1935, 275, 
242). 

Vitamins Bj, E, B,, and carotene, which can 
act as a precursor of vitamin A, especially the 
first two, are present in wheat, chiefly in 
the germ and bran. Wheat germ is by far the 
richest known source of vitamin E. 

The germ, constituting about 2J-3% of the 
grain, is generally removed in milling, on account 
of its adverse effect on the baking and keeping 
qualities of the flour, the fat present in large 
proportion tending to turn rancid. To enhance 
the keeping qualities of the separated germ, heat 
treatment is proposed (Hertwig, Cereal Chem. 

1931, 8, 226 ; Wanklyn and Stacey, B.P. 
332847). Attempts to isolate the constituent 
responsible for spoiling the baking quality 
have so far been unsuccessful, though it is known 
to be soluble in water, not in fat solvents, and to 
decrease with ageing of the germ (Sullivan, 
Near, and Foley, Cereal Chem. 1936, 13, 453 ; 
Geddes, Nat. Res. Coun. Ottawa Ann. Rpt. 

1932, 15, 84). According to analyses in Die 
Muhle, 1932, 69, 1103, the composition of wheat 
germ is approximately ; 

N-free 

Water. Protein. Fat. extract. Fibre. Ash. 

or O/ or O/ or o/ 

/O /o /O /o /O /o 

11 32 9 42 1 5 

Germ oil, rfjj 0'9268, iodine number 123'6, 
contains linolenic, linolic, oleic, palmitic, stearic, 
nnd.lignoceric acids (Jamieson and Baughman, 
Oil and Soap, 1932, 9, 136); its absorption 
spectra have been studied bv Bowden and 
Moore (Nature, 1933, 131, 512; 132, 204) and 
by Morton and Edisbury (ibid. 131, 618). 

.Several pigments are present in wheat, the 
most important being carotene (pro- vitamin A). 
Bran contains a yellow indicator which it is 
suggested could he used for the determination of. 
bran in flour (Schulerud, Miihlenlab. 1936, 6, 
129). 

Wheat contains many enzymes — amj-lolytic, 
proteolytic, and oxidising. For bread-making, 
the amylases are of great importance, ns they 
convert the starch into sugars which the yeast 
can utilise. 
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iletfiod* of Analyils—ln the analysis of] 
wheat and wheat flour, the ordinary methods! 
employed for feeding stuffs are followed, the 
only special determinations required being those 
of gluten and gliadin. 

Fop the determination of gluten 10 or 20 g. of 
dry flour, or of the ground wheat from which 
the husk haa been siAed, are weighed out on to a 
beaker or porcelain dish, moistened with water, 
and kneaded up with a spatula into a dongh. 
This is then transferred to a piece of bolting 
cloth about 8 ins. square, the silk is gathered 
togetherorer the dough, and the dough is kneaded 
m several changes of water or under a tap until 
no more starchy liquid flows away, being finally 
squeezed in the air until it cea»cs to lose water. 
The gluten will then generally form an elastic 
coherent mass which can be removed from the 
silk without loss, weighed in its wet condition, 
spread on a tared sheet of glass or porcelain 
basin, dned at 100° to a constant weight, and 
weighed agaiti. The ratio between wet and dry 
gluten IS regarded as of some importance. For 
more accurate mechanical methods of gluten 
washing, see Halton and Fisher (Cereal Chem. 
1036,13,575). For gliadin, 5 g of flour are put 
in a flask with 250 c c. of 70^^ alcohol, and 
shaken in a machine for 6 hours The mixture 
IS then rapidly filtered, and 100 c c. of the solu- 
tion are placed in a Kjeldahl flask. The alcohol 
IS distilled off and the nitrogen m the residue is 
determined in the usual way. Nitrogenx5 68= 
gliadin. 

For detailed methods of wheat and flour 
analysis, itt “ A A C C Cereal Laboratory 
Jlethods.” 1035, “A.0AC. Official and 

Tentative Methods of Analysis," 1930 

The proportion of rye mixed with wheat 
flour can be determined by the percentage of the 
total protein soluble in a saturated solution of 
calcium sulphate (Konig and Bartechat. Z. 
Unters. Nahr. Genuasm. 1923, 46, 321 , Analyst, 
1924. 49. 187). 

For other tests relating to baking quality, see 
Bread. 

Vi'heat ttraw is of more variable composition 
than the grain, smee the plant tends to keep the 
composition of the seed constant at the expense 
of other parts. By the time ripening is com 
plete, nearly all the nutntionally valuable 
constituents are transferred to the grain: for 
use as fodder, therefore, straw cut early is 
preferable. Tj^iical analyses of wheat straw are 
given in the following table, due to Konig : 


|e II 

zS 


Analyses of the ash of mixed samples grown 
—1 different plots at Rothamsted over the ten 
years 1882-1891 gave the following results : 


Ash in dry matter . 
Feme oxide . 

Lime . . 

ifagnesia 

Potash 

Soda .... 
Phosphoric acid 
Sulphuric acid 
Chlonne 
Carbonic acid 
Silica 

Sand and charcoal 


. 5 52-8 13 
. 0 31-0 94 
. 3-49-9 14 
. 1-41-2 46 
9 D2-23 84 
. 0 03-0 58 
. 2 26-4 26 
. 3 44-6 72 
. 1 66-6 59 
. 0 00-1-25 
45 59-67-70 
. 141-3 78 


English 

gown — 13 6 1 3 3 3 394‘ 37 1 53 
German 
winter 

sown — 14 3 12 30 35 9 40 8485 

American 
spnng 

sown 7 96 1-3 34 43 5 3S0 42 

* Carbohydratci. 


In addition to supplying Ltter and fodder, 
wheat straw is used m building materials, for 
packing, for making matting and yellow 
wiuppmg-papw, av.4 as s* soMxet of wU-akwe 
and of furfural for synthetic resins (Rav, 
Int Rev. Agnc. 1934, 25. 525T). E. A. F. 

CEREBROSE, the sugar of the brain, first 
isolated from this organ by Thudichum, is in 
reabty galactose. The cerebrosides pAreiwuis 
— also called cerebron — Aeraain, and wnon, sre 
found IS nerve and brain tissue m considerable 
amounts E. F A 

CEREBROSIDE8 are galactoLpics 
occumng in the brain in which a higher fatty 
acid is combined with ^lactose and spoyngosme, 
the higher ammo alcohol 

CH, lCHj),t-CH CH CH(NHjlCH(OH)CH, OH 
CERERITE 1 . Cesicm Metau avd 

EaiiTRS. 

CERESIN, Protoparaffn, is obtained from 
“ earth-wax," i e. ozokente. It occurs in 
commerce m the form of thm, round masses 
several inches in diameter, of a dazzling 
white appearance 5 inodorous, and transparent 
at the edges. It is harder than paraffin wax, 
doea not sweat, and usually has a fine crystalline 
stnicture. It yields paraffins on distillation, 
but paraffins have not yet been converted into 
cercams (Tokmanov, 1930, B, 596 ; Saehanov 
and Beatuschev, Petroleum, 1926, 22, 48). The 
melting point Is between 75' and 80°. It is not 
attacked by acids, either in the cold or when 
beatod ; nor by alkahs, which do not saponify 
a trace of it. It is usrf as a substitutute for 
beeswax. The determination of cereein m 
ozokerite can bo effected by treating the 
benzine solution with eulphoail (silica gel 
activated with sulphunc acid), the ceresm 
remaining unadsorlKd (Tokmanov, 1928, B, 
592). 

For the detection of paraffins in ccre«m, 
Holde and Schlinemann (Z. angew. Chem 19-8, 
41, 368). On oxidation it yields a imxture of 
liquid and solid acids consisting chiefly of * 
nuiiture of polymerised unsaturated fatty acids, 
acid value 115, iodine value 11 (Marcusson, 
Chem-Zlg. 1923.49. 166). , 

CERFUUORITE. Jlixed cubic crystals 
obtained by fusing calcium fluoride with cenum 
flnonde. 
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CERIN. The constituent of beeswax that 
is soluble in alcohol; it consists chiefly of 
cerotic acid. The term is also applied to the 
wax extracted by alcohol from cork. 

CER 1 N E t). Cerium Metals axd Earths. 

CERINSTEIN v. Cerium Metals and 
Earths. 

CERITE, A h 3 ’drous silicate of cerium 
metals. Eammelsberg’s analysis (1859) showed 
the presence of 64-65% CSjOj with 7-28% 
(La.DijjOj and approximated to the formula 
2 Ce 203 - 3 Si 02 - 3 H 20 . Later analyses showed 
a predominance of lanthanum and didymiura, 
suggesting the name lanthanocerite. Crystals 
are orthorhombic, but of rare occurrence. 
The mineral is usually found as reddish granular 
masses much resembling in appearance certain 
varieties of corundum, from which, however, 
it is readily distinguished by its lower hardness 
(H. 5^ ; sp.gr. 4-9). It occurs as a bed in 
gneiss at Bastnas in Sweden, and was the 
material in which the element cerium was first 
detected. L. J. S. 

CERIUM. Sj’inbol Ce. At. no. 58. At. 
wt. 140-125 ±0-007 ; 2 isotopes 140 and 142. 
Tile most abundant of the rare-earth elements 
and estimated to be more plentiful terrestrially 
than silver, gold or platinum. The metal has 
been prepared b}’ (1) the electrolysis of the fused 
chloride with or without an admixture of barium 
or calcium chloride or alkali chloride ; (2) the 
eIectrol 3 'si 8 of a mixture of cerium dio.xide and 
cerium fluoride (Borders and Stockem, D.R.P. 
172529; Muthmann cl aL, Annalen, 1902, 320, 
231 ! 1904, 331, 1 ; 1907, 355, 116). By the 
latter process, the yield corresponds with 57% 
of a current of 750 amperes and 7-5 volts with 
current densities of 9-10 amperes and 3 amperes 
per sq. cm. at cathode and anode respectively. 

A cerium amalgam is readily obtained by' 
electrolysis of anhydrous cerous chloride solution 
in methyl or eth 3 -l alcohol using a mercury 
cathode which is agitated to prevent formation 
of crust. This amalgam, which may contain 
3% of cerium, is enriched to 15% of this metal 
b 3 ' vacuum distillation to 235°. Further heating 
to 1,000° in an o.xide-lined crucible in vacuo 
furnishes metallic cerium (Jukkola, Audrieth, 
and B. S. Hopkins, J. Amer. Chom. Soc. 1934, 
56, 303). Electrolysis of fused cerous chloride 
using carbon anodes and mol 3 -bdenum cathodes 
3 -ields cerium of high purity (Trombe, Trans. 
Elcctrochem. Soc. 1934, 66, 231). 

Metallic cerium has the colour and lustre of 
iron ; its hardness is comparable with that of 
silver or tin ; m.p. 635° (Hirsch, Ind. Eng. 
Chem. 1911, 3, 880), 623° (Muthmann and 
Weiss) ; sp.gr. of fused product of elcctrolvsis 
6-92 at 25°: specific heat 0-05112 (20°-100°); 
hardness (ns determined b 3 ' the scleroscope), 
25-9 and 9-5 for rolled and frcshl 3 ' cut surfaces 
rcspectivel 3 - ; ultimate strength (as determined 
in an Olsen machine, with test bars of 0-212 in. 
diameter), 12,900 Ib. per sq. in. ; and no elonga- 
tion witli a constant load at 350 lb. Cerium 
is paramagnetic ; magnetic susceptibility, 
(K)±182-2x 10~' (Stefan Meyer, Monatsh, 1899, 
20, 309). In dr 3 - air the metal is moderately 
stable, but bccomc.s superficialh- tarnished with 
yellow dioxide. The temperature of ignition 
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in oxygen is about 150°-180° (Muthmann and 
Kraft, Annalen, 1903, 325, 261). The metal is 
malleable and ductile; it has a fairly' high 
latent heat of fusion and thermal conductivity. 
The heat of oxidation of the metal is 1,740 cals, 
per g. ; the wire burns even more brightly than 
magnesium, and combines readily with the 
halogens. Cerium is very slightly attacked by 
cold water; a slow evolution of hydrogen 
occurs in boiling water, and the metal is tarnished 
black ; it is readily dissolved by dilute acids, 
but concentrated nitric acid produces a brown 
deposit consisting mainly of dioxide. By 
heating the metal to 345° in hydrogen, cerium 
hydride is produced, without luminescence. At 
1,000° it combines with nitrogen to form the 
nitride ,- and direct combination also occurs 
when the metal is heated in sulphur vapour 
(Hirsch, Chem. Met. Eng. 1911, 9, 540). Cerium 
silicide (CeSij) is formed in cry-stals with steely 
lustre by the reduction of cerium oxide .with 
graphite and silicon ; it is stable in air but 
decomposed by acids (Sterba, Compt. rend. 
1902, 135, 170). The addition of cerium 
oxides to an electroly'tic cell containing a melt 
of calcium fluoride, chloride, and silicate 
CaSiOj, leads to a cathodic button of the 
silicide with some free silicon (Dodero, Compt. 
rend. 1934, 198, 1593). This compound is 
brittle and when added to cerium in such pro- 
portion that the mixture contains about 15% 
of silicon, forms a good pyrophoric alloy. 
The magnesium-cerium alloys are excellent for 
thermal reduction processes since — the combina- 
tion of the two metals being endothermic — 
more heat is developed by the oxidation of the 
alloy than by that of the two metals in admixture 
(Hirsch). 

AVhen scratched ’or rubbed with a steel edge 
cerium emits brilliant sparks, and this property 
has been utilised in the preparation of gas 
lighters. For a description of pyrophoric 
cerium alloy's, see Eng. and Min. J. 1917, 212 ; 
Vogel, Z. anorg. Chem. 1917, 99, 25. 

Cerium alloys are produced by molting to- 
gether the component metals under fused 
sodium-potassium chloride (Muthmann and 
Beck, Annalen. 1904, 331, 46). Cerium- 

aluminium, CeAl 4 , is thus obtained in rhombic 
or monoclinic needles with metallic lustre. 
The combination of these two metals is highly 
exothermic. Cerium and zinc combine ivith 
explosive violence, the alloy, containing 1 part 
of cerium to 2 of zinc, is blue. All such alloys 
rapidly become oxidised in the air. 

Separation and Purificalion of C'eria (CeOj). — 
Of all the rare earth oxides, ceria is most readily 
isolated in a pure state, and the following 
methods have been employed in separating this 
oxide from lanthana, praseody'mia and neo- 
dy'mia. 

(1) Treatment of the hydroxides suspended 
in aqueous caustic alkalis with chlorine ; ceric 
Iiydroxide remains undissolved, while the other 
hydroxides are converted into soluble chlorides 
and hypochlorites (Mosander, 1842; Menge], 
Z. anorg. Chem. 1898, 19, 07). 

(2) The mixed oxides dissolved in hot nitric 
acid and the solution evaporated down with 
ammonium nitrate until ceric ammonium nitrate 
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eeparates. The double salt is crystsUiscd from 
nitric acid until the oxide left on ignition has a 
light-yellow colour (Auer von Welsbach, 
Slonatsh. 1834, 5, 503 ; SchottlSnder, Ber. 1892, 
25, 378) ; or the mixed oxides are treated with 
4 times their weight of concentrated lutnc acid 
and gradually heated to 60®. The solution, 
after decantation from any insoluble matter, is 
evaporated to a syrupy consistency, mixed 
with water from 10 to 30 times the weight 
of the oxides taken, and 1 g of ammonium 
sulphate added for each Ltre of solution The 
liquid is boiled for a few minutes, when a pale 
gteeniab-yellow precipitate of basic ccnc nitrate 
and sulphate is formed, which is separated and 
washed with a solution of a mixture of am 
monium nitrate and sulphate (WyroubofT and 
Ycmeuil, Compt rend. 1897, 124, 1330. Sterba, 
i6id. 1901, 133, 304). 

(3) The solution of mixed nitrates is neutral 
iscd with ammonia and boiled with magnesium 
or sodium acetate and hydrogen peroxide where 
by cerium is completely precipitated as a basic 
acetate (Meyer and Koss, Ber 1902, 35, 672). 

(4) The mixed ammonium double nitrates are 
boded with aqueous ammonium persulphate, 
calcium carbonate being gradually added to 
keep the solution neutral The precipitate con 
tains all the cerium as ccnc nitrate and sulphate 
mixed with calcium sulphate (Witt and Theel, 
Ber. 1900, 33, 1316 , <f Meyer and Marckwatd, 
i6id. 3003). 

(5) Electrolytic oxidation of cerous salts m 
supersaturated solutions leads to precipitation 
of punhed basic ceric sales (U S r. 1707450) 
With cerous sulphate this oxidation ta effected 
with 89% eSlciency ta the anodic compartment 
of a cell fitted w ith lead electrodes 

(6) The thermal decomposition of rare earth 
sulphates has been studied systematically and the 
dissociation pressures of the anhydroussulphates 
determined at definite temperatures. By mam 
taming an appropriate partial pressure of sul 
phur tnoxide above a heated mixture of iso 
niorphous sulphates these were decomposed 
fractionally. Cerous sulphate on ignition readily 
yielded ceric oxide, whereas the sssoctaled rare 
earth metals remained as sulphates (H. II 
Willard and R. D. Fowler, J. Amer. Cbcm. 
Soc. 1932, 64. 496). 

(7) Tlie joint action of potassium perman- 
ganate and a b.asic substance (mercuric oxide, 
zinc oxide, magnesia, sodium carbonate, etc) 
on the rare earth oxides in neutral solution 
yields a precipitate containing all the cerium 
as cenc hydroxide (Stolba, 1876. Urossbach, 
18965 D.ll.P. 143100, Mcyir, Z aiiorg Chem 
1903. 37, 378). 

The last of the foregoing mclhods is generally 
applicable to the mixed oxides of the rare earths. 
ar)d permits of the complete separution of 
cerium in one ojieration. The>o proce>«es re 
quire to be repeated before the cenum is com 
pletely freed from the last traces of lantlmnum , 
thorium also is diCScult to remote completely 
The solution of nitrates is mixed with an exccvi 
of ammonium carbonate, and treated with 
ammonia when the greater portion of the 
thorium is precipitated. To reinocc the re 
mamder the ctnum present is coutetted into 


the anhydrous sulphate and added to ice cold 
water, when the pure hydrated salt separates 
tWyrouboff and Vemeuil, ie. t Utbain, Ann 
Chim. Phys 1900, [7], 19. 184; Sterba. li.i 
19W, [8], 2, 193; Brauner, Z. anorg. Chen. 
1903, 34, 103; Meyer, \hid. 37, 378; Orloff 
Chem-Ztg. 1906, 30, 733; 1907, 31. 562; 
Neisb, J. Amer Chem. Soc. 1909, 31, 617). 

Only a small proportion of the cenum oxide 
extracted from monazite is used in the mantle 
industry, the greater amount is employed m the 
manufacture of sparking alloy s for cigar hghters, 
etc. A further quantity is used (m the form of 
fluoruk) foe impcegnating are light caibotis ; 
in wcightmg silk, m the dyeing and photographic 
industries, and to a slight extent in medicine 

Cenum forms several senes of compounds 
denved from the oxides Cej^j. Ce 40 ;{!), 
CeOf andCeOj. 

Cerous Comfocvds. 

Cerium hydride, CeH,(l) Cerium com- 
bines readily with hydrogen at 2o()®-270®, yield- 
ing a brownish. black amorphous hy'dride which 
not improbably consists to some extent of 
CeH^ This product is stable in dry* air at the 
ordinary temperature, but on heating it is con- 
verted explosively into cerium oxide and nitnde 
{Matignon, Compt rend 1900,131, 891 : Muth- 
mann and Kraft, Annalen, 1003, 335, 381) 

Cerous fluoride, 2CeFj,HjO (Jolin, 1874), 
known also m the anhydrous condition, and 
employed in the electrolytic production of the 
metal (v supro ; and c/ Brauner, 1831-1682) 

Cerous chloride, 

CeCI,.7H,0 or2CeCI|.lSH,0. 
(Dennis and Magee, J. Amer. Chem. Soc 1894, 
16. 649 , Meyer and Koos, Bet. 1902 2C2-). 

The anhydrous chloride, a fusible deliquescent 
crystalline mass, is obtained by the following 
methods * 

(1) Heating the dry oxalate or cerium 
dioxide in hydrogen chloride (Robinson, Proc. 
Roy. Soc. 1334.37, 150) 

(2) Decomposing cerium carbide with chlorine 
or hydrogen chloride. 

(3) R^ucing anhydrous cerous sulphate to 
sulphide by heating m hydrogen sulphide and 
decomposing the latter with hydrogen cliloride 
(Muthinann and Stutzel, Ber. 1899, 32, 3113) 
Cerous sulphide and hydrogen bromide yield 
cerous bromide. 

(4) The anliydrous sulphate, when heit^l 
in a current of chlorine nnd sulphur chloride 
lapour. IS converted directly into cerous 
ihlondc. 

The dry tiilonde h readily soluble in ahi'hol- 
and ebuiliosiopic dttenn, nations of the mole- 
cuixr weight in this snlient gaic niinibcrs lorre- 
sponding with CeCI, (Mulhmann, Cer. 1898.31, 
IK'9) , , 

U forms double s.ilts willi the ilil<>ri‘U>i of 
mircury. gold, and pUtmum. and of lerlaui 
organic bases , i 

Cerous bromide, CeBr,, and iodiJf, Cclj. 
arc also known, as arc the Iromale, 
Ce(Br0,),.SH,0. 
and todaU, Ce(IOj)),2H(0. 
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Cerous hydroxide, CeCOH)^, a -white pre- 
cipitate obtained from soluble cerous salts with 
ammonia or caustic soda, is stable only in 
absence of ox 3 ’gen. Exposed to air it becomes 
slou'ly oxidised to j^ellow ceric hydroxide, pass- 
ing through an intermediate reddish-violet stage 
iCe(OH) 3 -yCe(OH )4 (Dennis and Magee, 
J. Amer. Chem. Soo. 1894, 16, 649). 

Cerous oxide has not been isolated with 
certainty, since the ignition of decomposable 
cerous salts (nitrate, sulphate, oxalate, etc.) 
leads to the production of cerium dioxide. The 
reduction of the latter oxide with hydrogen at 
high temperatures gives rise to an unstable 
dark blue oxide approximating in composition 
to Ce^Oj. 

Cerous sulphide, CejSj, a cinnabar-red 
solid devoid of definite crj'stal structure, is 
prepared by passing hydrogen sulphide over 
ceric oxide in a graphite boat at 1,000°-1,200°, 
then heated further to 1,550°-1,600°. It 
sinters at 2,000° and melts at 2,200° with 
volatilisation and slight decomposition which 
in a stream of hj’drogen is slow even at 2,400°. 
It is unattacked up to 1,000° by nitrogen, 
carbon monoxide, magnesium, sodium chloride 
or cyanide, or by the sulphides of lead, antimony, 
or bismuth (Picon, Compt. rend. 1931, 192, 684). 
It is moderately stable in air and only slowly 
decomposed by water or hydrogen chloride 
below 300°. 

Cerium nitride, CeN, obtained by heating 
cerium in nitrogen (Muthmann and Kraft, 
Annalen, 1903, 325, 261), or by passing ammonia 
over heated cerium carbide (Matignon, Compt. 
rend. 1900, 131, 865), is decomposed by -n-ater, 
yielding cerium dioxide, ammonia, and hydro- 
gen. An explosive cerium azide is precipitated 
by adding sodium azide to aqueous cerous 
nitrate (Curtius and Darapsky, J. pr, Chem. 
1900, [ii], 61, 408). 

Cerous nitrate, Ce(N 03 ) 3 , 6 H 20 , prepared 
bj' (1) dissolving cerium dioxide in nitric acid in 
the presence of a reducing agent ; (2) decom- 
posing cerous oxalate with strong nitric acid. 
Deliquescent triclinic crystals. When heated 
strongly, pure cerous nitrate leaves a residue of 
pale yellow cerium dioxide, but -when praseody- 
mium nitrate is present, the residual oxide is 
brown (Keish, J. Aracr, Chem. Soc. 1909, 31, 
517). 

Cerous sulphate, Ce,(S 04 ) 3 . The an- 
hydrous sulphate is produced by dehydrating 
the hydrated salt at 400°. Above 500° it decom- 
poses, leaving a residue of dioxide. A saturated 
solution of the sulphate at 0° deposits the dode- 
cahydrate, Ce 2 (S 04 ) 3 , 12 Hj 0 (asbestos-like 
needles). Above 3° this hydrate is labile, and at 
higher temperatures the solution of the sulphate 
deposits hydrates containing 12, 9, 8, 5, and 4 
molecular proportions of water. With the sul- 
phates of ammonium, sodium and potassium, 
cerous sulphate forms double sulphates iso- 
morphous with the corresponding salts of 
lanthanum, neodymium and praseodymium. 
In moderately strong sulphuric acid, cerous 
sulphate gives rise to the acid sulphate, 
CelHSOj), (Brauncr and Picek, Z. anorg. 
Chem. 1904 , 38, 322). This acid salt has been 
recommended as an o.xidising catalyst in the 


production of aniline black, 0-3 g. of cerous oxide 
in this form sufficing to develop the black from 
6 kg. of aniline hydrochloride. 

Cerous carbonate, Ce 2 (C 03 ) 3 , 5 H 20 , pris- 
matic crystals, precipitated from solutions of 
cerous salts by ammonium carbonate, forms 
soluble crystalline double carbonates -with the 
alkali and ammonium carbonates. 

Cerous cobalticyanide, 

Ce2[Co(CN)B]2.9H20. 

The most soluble of the rare-earth cobalti- 
eyanides in 10% hydrochloric acid (1,000 parts 
of saturated solution contain 10-75 parts of the 
salt). 

Cerous tungstate, Ce 2 (W 04 ) 3 , has been 
sho%vn to have a crystal structure corresponding 
to scheelite, CaWO^ (Beintema, Proc. K. Akad. 
Wetensch. Amsterdam, 1935, 38, 1011). 

Cerous oxalate, Ce2(C2O4)3,10H2O, cry- 
stalline white precipitate (Power and Shedden, 
J.S.C.I. 1900, 19, 636), has been used medicinally 
as a sedative in sickness, particularly that of 
pregnancy, also in chronic diarrhcea, hysteria, 
epilepsy and migraine. 

Cerous phenoxide has been recommended 
as a non-irritant disinfectant (J.S.C.I. 1909, 
28, 1221 ; D.R.P. 214782). 

Cerous acetylacetonate, 

Ce(CH3C0CHC0CH3)3,3H20, 
obtained by the interaction of cerous am- 
monium nitrate, acetylacetone, and ammonia 
(Urbain, Ann. Chim. Phys. 1900, [7], 19, 184 ; 
Biltz, Annalen, 1904, 331, 334). 

Cerous dimethyl phosphate, 

Ce2(Me2P04)e,H20, 

white, hexagonal plates, solubility of the anhy- 
drous salt is 79-6 at 25°, and about 65 at 95° 
(Morgan and James, J. Amer. Chem. Soc. 1914, 
36, 10). 

For other cerous salts of organic acids, v. Biltz, 
Annalen, 1904, 331, 334 ; Wolff, Z. anorg. 
Chem. 1905, 45, 89 ; Morgan and Cahen, Chem. 
Soc. Trans. 1907, 91, 477 ; Pharm. J. 1907, 78, 
428 ; Rimbach and Kilian, Annalen, 1909, 368, 
110 ; Pratt and James, J. Amer. Chem. Soc. 
1911, 33, 1330 ; Katz and James, ibid. 1913, 35, 
872 ; Erdmann and Wirth, Annalen, 1908, 361, 
190 ; Rimbach and Schubert, Z. physikal. 
Chem. 1909, 67, 183 ; Jantsch and Griinkraut, 
Z. anorg. Chem. 1913, 79, 305. 

For complex cerium salts, v. Wy'rouboff and 
Vemeuil, Ann. Chim. Phys. 1906, (-viii], 9, 289 ; 
Barbieri, Atti R. Accad. Lincei, 1908, [v], 17, 1, 
540. 

Ceric CojirouNDs. 

Cerium carbide, CeC 2 > microscopic cry- 
stals, sp.gr. 5-23, prepared 'by melting together 
in the electric furnace cerium dioxide (192 parts) 
and sugar carbon (48 parts), using a current of 
300 amperes and 60 volts (Moissan, 1896-1897) ; 

2Ce02-i-C=Ce,03-fC0 

Ce203-f9C=2CeC3-|-3C0 

CeC3=CeC2-bC 

MTien decomposed with water, the carbide yields 
75-5% acetylene, 20-5% methane, and 4% 
ethylene. 
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Cerfc oxide (»yn. Cenum dioxide), CeOj ; 
ft white or light jellow powder, spgr. 6 405, 
also in isotropic crj stals, sp.gr. 6 76-7 905 The 
amorphous oxide is prepared by (1) the oxidation 
of the metal m orrgen ; (2) the i^ition of 
cerous salts (nitrate, sulphate, carbonate, 
oxahte) or ceric compounds (hj droxide, nitrate, 
sulphate). The colour of ccnc oxide is pure 
white when prepared at low temperatures, but 
becomes pale yellow with decrease in volume on 
Ignition (Spencer) It darkens when heated, but 
becomes nearly colourless or at most pale yeDow 
when cooled The colour of ordinary cena is 
probably due to traces of praseodymium 
peroxide. The ignited oxide is insoluble in 
hjdrochlone or nitric acid or m dilute sulphuric 
ftcid. The crystalline form, obtained bj heating 
the amorphous vancty with sodium chlondc, 
borax, or potassium h3'drogen sulphate, is quite 
unaffected by acids or alkalis The dioxide is 
reduced with difficulty by alumimum and 
magnesium, when the corresponding cenuro 
fltloys are prodmed For further references to 
cerium dioxide, c Compt rend 1695, 120, 662 , 
1897.124,618,1233.1300. 125,950, 1901.133. 
221; Drossbach, Bcr 1900, 33 3303. 3500, 
Sterha, Ann Chim. I’hjs 1904, (8), 2, 193, Z 
anorg Chem 1903, 34. 103, 207 . 37, 378), 
Hofmann and Hoschell, Bcr 1914, 47, 238. 
Tieil* and Bimbrauer, Z anorg Chem 1914,87, 
160, Bekk Ber 1013,. 46, 2574 . Reimer, J 
Amer Chem Soc 1915, 37. 1636) 

Ceric hydroxide, Ce(OH)4. a yellowish 
precipitate obtained from soluble cenc salts by 
means of ammonia or the causticalkahs Cerous 
hydroxide is slowly oxidned to cenc hydroxide 
by atmospheric oxygen and more rapidly by 
tmld oxidising agents 

Although cenc hydroxide is more stable than 
the lower hydroxide, the cenc salts are less stable 
than the cerous compounds Ccnc chloride 
Itself has not liccn isolated, but its additue 
I compounds, R,CeClg. with the salts of organic 
bsscs (pyridine, quinohne, tricthy (amine, etc) 
arc stable in alcoholic solution 

Colloidal cenc hydroxide is obtained by 
dialysing an aqueous solution of cenc am 
roonium nitrite Thehydrosol is readily coagu 
latcd and dries to a gumm\ ma«s. soluble in hot 
water (Biltr, Bcr 1902, 4431 , 1904, 37, 

1005). 

Ceric sulphate, CelSO^lj The anhydrous 
salt 13 produced by heating the dioxide with 
strong sulphuric acid V> ith the diluted acid, 
oxygen is esohed, and the resulting solution 
deposits, on concentration, cen-cerous hydrogen 
sulphate, 

2Ce(S04)j.Ce,(S04),.H,S04.24H,0 
(Brauncr, Z. anorg. Chem 1004, 39, 261), and 
then yellow hydrated cenc sulphate, 
Ce(SO,),,4H,0 

The former of tho'o compoundi corresponds snth 
the intermediate oxide, 

Ce 40 ,(-= 2 Ce 0 ,.Ce,O,) 

Ccnc sulphate is a useful oxidmne agent m 
Tolumetne analysis , it is more staMe than 
. permanganate, and more reactiie in presence 


of acids and particularly fairly concentratei 
hydrochloric acid. Its solution in dilute sul 
phuric acid is readily standardised potentio 
nutrically against ferrous sulphate or sodium 
oxalate (Furman, J Amcr. Chem Soc. 1928, SO 
755, 1675) Estimations w ith cenc sulphate c»n 
be effected m hot solutions or at lower tempeta 
tures with iodine chloride as catalyst In thc<e 
eases methylene blue is a useful interns) 
indicator. Thallium can be determined clcctru- 
chemically in warm hydrochloric acid j tellurouj 
acid may be estimated using chromic sulphate 
as cataly'st (Willard and Young, tbid. 19’8 
50, 1322 el teq ) Certain organic acids (tartanc, 
citnc, malonie. malic, and gly colhc) arc oxidised 
by cenc sulphate but not formic, acetic, succinic, 
fumanc and maleic acids 

Cenc sulphate forms a series at douMe 
sulphates (» q Ce(S0|)2,2K2S0|,2H20) with 
the alkali sulphates 

Ba«ic cenc sulphate*. 4CeOj.3SO3,12H,0. 
aod 2Ce02.3S0j,4H20, ha\e been dtscriW 
by Hauser and H irth (Z anaf Chem 1004, 47, 
389). and CeOj.SO,.2H,0 and 3CeOj4S0, 
byj ¥ Spencer (JCS. 1915, 107, 12C5) 

Cenc selenate, CelSeO^)!, a yellow com 
pound obtained by the action of 50% aqueous 
selcnic acid on cenc hydroxide (Meier and 
Schultz, Z anorg Chem 1031, 103. 127) 

Cenc nitrate, Ce(NO,), OH,3H,0 This 
basic salt separates from a solution of cenc 
hydroxide in tUric acid The normal cenc 
nitrate has not been isolated, but the double 
nitrates RjtCe(NOj)e. where R la ammomum 
or an alkali meta). are irrll defined crystalline 
substances, haringa blight red colour , tbeyars 
xery' hygroscopic and readily soluble in alcohol or 
water* The double nitrates, 

R»Ce(N 03 ),. 8 Hj 0 , 

where R»IVlg.Zn,Ni,Co,Mn, form a well 
defined senes. These cerium double nitrstei 
are analogous to the corrc’poncJing dooUc 
nitrates of thorium 

For other ceric salts, %■. Barbicn, Atti R. 
Accad Lmcei, 1907, Iv], 18, 644 ; Ber. 1910, 43, 
2214 For double cenc fluorides, i. Brauncr, 
Ber. !88f, i8S2, 5. ! r 

Soc Trans 1882, 41, 63 ; Bimbach and Kilian. 
Aonalen, 1909, 368, 101 ; Pozzi-Escot, Compt 
rend 1913, 156, 1074 ; Browning and Flora, 
Amer. J Sci. 1903, [iv], 15. 177) 

For cenc acetylacetonate, CelCHACjli. «« 
Job and Goissedet, Compt. rend. 1913, 157, 50 
Cerium peroxide and its derivatives. The 
iddiUon of ammonia and hydrogen peroxide to 
a solution of a cerous salt determines the preciri 
tationof reddish-brown hydrated cerium peronde, 
Ce(0,H)(0H),. When cerous nitrate or 
chlondc IS added to concentrated aqueous potas 
Slum carbonate, the solution takes up atrao- 
spheric oxygen and assumes a deep red colour. 
The liquid slowly deposits crystalline dark red 
potasrinM per cenc carbonate, 

4KjC0,.Ce,(C0,),0,.12H,0. 

In the presence of glucose, this alkaline solution 
acts catalytically. When shaken in the sir. 
oxygen IS taken up and the per-cenc compound 
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produced. On standing, this substance is 
reduced by the glucose to cerous salt, and the 
colour disappears. Repeated shaking leads to 
renewed production of per-ceric compound, so 
that oxidation and reduction proceed alternately 
to an indefinite extent (Pissarjewski, J. Russ. 
Phys. Chem. Soc. 1900, 32, 609 ; Z. anorg. 
Cliom. 1902, 31, 359 ; Wyi-oubolT and Verneuil, 
Coinpt. rend. 1898, 127, 863; Job, ibid. 1898, 
126, 246; 1899, 128, 178, 1089; 1902, 134, 
1052 ; 1903, 136, 45 ; Engler, Z. anorg. Chem. 
1902, 29, 1 ; Ber. 1903, 36, 2642 ; 1904, 37, 49, 
3268). 

Applications of Cerium . — Metallic cerium (in 
the form of “ mischmetal,” v. Cerium Metals 
AND Earths), has been used in the reduertion 
of the refractory oxides of niobium (oolumbium), 
tantalum, molybdenum, etc. 

The oxidising action of cerium compounds 
has led to their use in photography (Lumiere, 
Corapt. rend. 1893, 116, 574), and as oxidising 
catalysts in organic preparations (Barbieri and 
Volpino, Atti R. Accad. Lincei, 1907, [v], 16, i, 
399), and as an ingredient of “ driers.” The 
oxides liave been suggested for use in colouring 
glass (Chem. Ind. 1904, 27) ; in conjunction 
with manganese dioxide cerium compounds 
act in an opposite sense and decolorise glass 
(Loffler, Glashiitto, 1936, 66, No. 4, 63 1936). 
Cerium salts have been employed as mordants 
in dyeing. Hide powder decomposes cerium 
salts, fixing the element in the form of 
hydrated oxide. In the preparation of leather 
the hide partially reduces ceric sulphate or 
ceric ammonium nitrate, absorbing oxygen and 
yielding a good quality of leather which has a 
yellow tint and resists the action of water (Garelli, 
Atti R. Accad. Lincei, 1907, [v], 16, i, 532). 

In addition to cerous oxalate, other salts (e.g. 
hypophosphate, and double ammonium citrate, 
tartrate, and lactate) have been utilised medicin- 
ally in the treatment of sea-sickness and nervous 
disorders. Incandescent gas m.antles contain 
about 1% of ceria and 99% of thoria (Meyer 
and Anschutz, Ber. 1907, 40, 2639). 

(For the detection and estimation of cerium, 
V . Chemical Analysis.) 

For a bibliography of cerium see Hirsch, 
J.S.C.I. 1912, 477. G. T. M. 

CERIUM METALS AND EARTHS. 
The Rare Earths. The so-called rare earths 
include a series of basic oxides, very similar in 
physical and chemical properties, which are 
generally found associated in certain compara- 
tively rare minerals of comple.x composition 
(silicates, phosphates, titanates, columbates, 
tantalates, zirconates). 

It should be realised that taking the series as 
a whole the rare earth metals are as plentiful 
in nature as cobalt, lead or zinc. Those of 
even atomic number are always more abundant 
than their allies of odd atomic number. Certain 
of the latter arc extrcmelj’ rare. This difference 
between the odd and even series suggests that 
their stability is intimately related to their 
sub-atomic structures. 

The metals contained in these oxides may be 
divided rouglily into two groups, named after 
the minerals ccrilc and ytterhile, in which the 
rare earths were first discovered. 


The cerite metals {cerium group) are lanthanum 
cerium, praseodymiun neodymium, illinium, 
samarium, and europium. 

The ytterbite metals {yttrium group, also re- 
ferred to as the lutecium group) include, 
gadolinium, terbium, dysprosium, holmium, 
erbium, Ihulium, ytterbium, and lutecium with 
scandhim and yttrium as near allies. Three of 
these elements, europium, gadolinium, and ter- 
bium form an intermediate series (the terbium 
group) connecting the cerium metals with the 
remaining rare-earth metals of the yttrium group 
proper. Closely associated with these elements 
is the metal thorium. Zirconium and hafnium are 
sometimes included in the category of the 
metals of the rare earths, but differ from the 
elements of the cerium and yttrium groups in 
having definitely amphoteric oxides. 

Historical Summary. — In 1794 ytterbite, 
obtained from Ytterby near Stockholm, was 
shoivn by Gadolin, its discoverer, to contain a 
new oxide, to which Ekeberg subsequent!}' gave 
the name yttria. From the Swedish mineral 
cerite, Klaproth, in 1803 (Sitz. Akad. Berl. 
1804, 155), isolated another new oxide wliich 
was called cerio by Berzelius and Hisinger 
(Ann. Chem. Pharm. 1804, 50, 245), who also 
examined it. Thoria was isolated by Berzelius 
in 1828 from the silicate thorite, found at Brevig 
in Norway, 

In 1839 Mosander isolated the oxides lanthana 
and didymia (Annalen, 1839, 32, 235 ; 1842, 44, 
126) from cerite, and also effected a further 
1 separation from ytterbite of the earths erbia and 
terbia (PhU. Mag. 1843, 23, 251 ; J. pr. Chem. 
1843, 30, 288). In 1878 Marignac separated 
from crude erbia a less basic colourless com- 
ponent which he called ytlerbia {Compt. rend. 

1878, 87, 678), and this fractionation was 
speedily- followed by NUson’s discovery of 
scandia, the least basic of the ytterbite earths, 
and its identification as the oxide of the hypo- 
thetical ekaboron, predicted by Mendeleeff. In 
the same year Cleve effected a further separa- 
tion of the old “ erbia ” and found two new 
earths, namely thulia and holmia (Compt, rend. 

1879, 89, 478, 708). The doubt expressed by 
Marignac as to the homogeneity of didymia was 
shared by Delafontaine, on the ground of spectro- 
scopic evidence (Compt. rend. 1878, 87, 634), and 
substantiated by Lecoq de Boisbaudran (Compt. 
rend. 1879, 88, 323), who isolated from this 
earth the less basie oxide samaria. The didymia 
left after the removal of the list-mentioned 
oxide was still regarded ns a mi.xture by Brauner 
(Monatsh. 1882, 3, 486 ; J.S.C. 1882, 43, 278), 
and in 1885 Auer von Welsbach, b}' fractional 
crj’stallisation of the double didymium ni- 
trates of ammonium and potassium, sueceeded 
in separating this earth into two components, 
which he named neodymia and praseodymia 
(Monatsh. 1885, 6) 477). Lecoq do Bois- 
baudran now showed that Clove’s holmia 
was a mixture containing a new constituent 
dysprosia (Compt. rend. 1886, 102, 1003), 
the simple nature of which was afterwards 
confirmed by LTbain {ibid. 1904, 139, 736; 1905, 
141,521). 

Gadolinia, which had been recognised by 
Marignac in samarskite {ibid. 1880, 90, 899), 
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Tras isolated in a more dt-dnite form by Lecoq 
de Boisbaudran {tbid. 108, 165 ; 1890, 111, 
409, 472), and by Bettendorf (Anna)en, 1890, 
256, 169; 1891, 263, 164; 1892, 270. 376), 
and further punfied by Demarfay and by 
Urbain and I^combe. Further researches by 
Demar^ay on Clere'a samaria led to the isolation 
9feuropid(L’oinpt. rend. 1896,122, 728). an earth 
provisionally symbolised as 2' and afterwards 
ishown to be identical with oxides indicated 
by the avmbols and Zf (Lecoq de Boisbau 
dran. i&id. 1892, 114, 575; 1893, 116, 611. 674) 
and S8 (Crookes, tbid. 1885, 100, 1380. 1493; 
Proc. Roy. Soc. 1885, 38. 414). 

Terbta, which occurs only in small amount 
In ytterbitc. haa been isolated in a purified 
state by Urbain, and hfangnac'a ytterbia 
(l.c.) haa been fractionated by Auer ron IVcls- 
bach (^lonatsh. 1906, 27, 935), and separated 
into two components, neoj/Utrbia and luteeta, by 
Urbain (Compt. rend. 1907, 145, 759), the former 
name has since been shortened to ^terbia 

Occtmsiscx (v. '‘DsaVoTkommenderseKenen ' 
Erden," SchiUuip, 1904 : Phipson, Chem News, 
1896, 73, 145). ITie following is a short descrip- 
tion of the most important sources of the rare 
earths : 

(For details concerning the various minerals, 
ite under their respective headings.) 

(1) JlimraJj coniatni/iff eixjfy Cerium Earths. 

Cents {q.v.) (also knoivn as ocbroite, cerenie, 

cennatem. 

OrMite (allanite, bodenite, ceruc, muromont- 
ite. pvrorthite, tautohte, uralorthite, wasite), 
& double silicate of aluminium and the cerium 
metals (16-26%), together with smaller quanti- 
ties of thorium, iron, calcium, and the yttrium 
metals ; found in Greenland, Scandinavia 
(Arendal. Hitterbe, Stockholm), United States 
(New York, North Carolina, Pennsylvania, 
V’jrginia, Texas], Ural Mountains (Mtask), and 
in several localities in Germany. 

Jfonazi(e (cryptolite, edwarsite, eremite, 
xncngite, tumerite), an orthophosphate of the 
tenum metals (Ce, La, Nd, Pr)mpOj, con- 
taining 40-70% of these elements together 
with varj-ing amounts of thonum (0-18%) ; 
It occurs in the plutonie and older volcanic 
rocks, and m the alluvial sands of the nvers and 
coasts of Brazil, North and South Carobna, and 
Travancore, in the Federated Malay States, 
Oylon and Nigeria, etc. 

Eschynile. — A complex columbate-titanate. 
containing approximately equal proportions 
(13-23%) of thorium and the cerium metals, 
together with a small proportion of the yttrium 
group, found at Hittero (Noraay) end Miask 
(Ural Mountains). 

(2) Mineralt containing ehiejiy Ytlnum Earths. 

Ylterbite (gsdolinite), a basic silicate con- 
taining j-ttrium earths (4CM8%) and cenum 
earths (3-10^o)» together with glncinnm 
(beiyllium) and iron ; found in Colorado, 
Germany (Harz Mountains and Silesia), Scan 
dmavia (Fahlun, Hittero, Ytterby), and Texas. 

YttnaUte, a silicate of the yttrium metals 
(43—47%), thorium (19-12%), and cerium metals 
.(5-8%), found in Texas. | 


Xenoiime, a phosphate of the yttrium meUls 
(34-64%), corresponding with nionazite j it 
contains also smaller amounts of the cenum 
metals and thorium : found in Brazil, Norlli 
Carolina, Georgia, Norway.Sweden, ondSHjtzff 
land. 

The following minerals contain the jttnum 
earths and smaller quantities of thona and the 
cerium earths united with varying proper, 
tions of the more acidic oxides of columbiuiQ 
(niobium), tantalum, titanium, tungsten, tia, 
uranium, silicon, zirconium, and hafnium. 

Fergusontti (bragite, kochelite), found m 
Ceylon, Greenland, Arendal, Ytterby, Jlassj. 
chusetts. North Carolina, and Texas 

Ytlrotanlalile, found in Nor^vay, Sweden, and 
the Ural Slountains. 

Samarsltle (nohlite, rietinghofite, ytteroi). 
menite). found in Canada, Connecticut, North 
Carolina, and Ural Mountains (Miask) 
PolyCTaH, found in Canada, Scandinavia, and 
North and South Carolina, 

£uxent(e (locanskite), found in North Carolina, 
Norway (Hitteroe. Brevig), and Swaziland 
hlany other rare complex minerals (fluorides, 
zircono-Bilicates, titanates, columbatea (mo. 
bates), tantalates, uranates, etc ) contain con- 
siderable amounts of the rare earths, which are 
also not infrequently found in small quantities m 
commoner minerals (c g. limestones, apatites, 
acheehtea, etc ) Traces of the rare earth metali 
have been detected in mineral waters, in the 
ashes of plants, in urine, and m bone ash, 
EtlracUon o/ the Part Earths — The finely 
powdered mineral, made into a paste witn 
concentrated sulphuric acid, is heated until the 
mass becomes dry and hard. The product is 
extracted with water, the solution treated with 
hydrogen sulphide to remove copwr, bismuth, 
molyMenum. etc., and the metau of the ran 
earths precipitated as oxalates by the addition of 
oxalic acid The oxalates are decomposed at 
400*. the residual oxides dissolved ui dilute 
sulphuric acid, end the solution saturated with 
•odium or potassium sulphate, when the double 
sulphates of the cenum metals are precipitated 
whilst those of the yttrium metals remain 
dissohed 

The complex minerala conteining 'niobium 
(columbium), tantalum, titanium, etc., may be 
decotsposed by hydrofluoric acid, when the 
foregoing elements form soluble fluorides, whibt 
the fluorides of the rare earth metab are preci- 
pitated. Or these minerals may be broken up 
by heating with strong sulphunc acid or potas- 
;8ium hydrogen sulphate and the rare earths 
precipitated by ammonia from the solution of 
their sulphates. These hydrated oxides are 
freed from the co precipitated niobium (eolum- 
bium), tantalum, and titanium hjdroxides 
by prolonged boding with nitric acid, when the 
latter hydroxides separate in an insoluble form. 
The rare earths are precipitated as oxalates 
from their solution m nitnc acid, the oxalates 
ignited, and the resulting oxides subjected 
again to the nitnc acid treatment until a 
complete separation is effected. Or the mincrab 
may be heated in the vapour of sulphur mono-^ 
cUonde, 5}Clt, or carbonyl chloride, COCI|. 
when the chlorides of niobium (columbium), 
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tantalum, titanium, etc., are volatilised, and the 
rare earth metals are converted into non-volatile 
chlorides (Hicks, J. Amer. Chem. Soc. 1911, 33, 
1492 ; Barlot and Chauvenet, Compt. rend. 
1913, 157, 1153). 

The methods of separating and purifying the 
rare earths, which are further described under 
the appropriate headings (t'. Cekium) way be 
divided into the following two classes : 

(1) Separations based on differences of 
basicity. 

(а) The fractional precipitation of the earths 

with bases of varying strengths : am- 
monia, caustic alkalis, magnesium 
hydroxide, organic bases. 

(б) The fractional decomposition by heat of 

the solid nitrates and other salts. 

(2) Separations based on differences of solu- 
bility. 

Considerable ingenuity has been shomi in 
separating the metals of the rare earths by 
taking advantage of the slight differences of 
solubility exhibited by their salts with acids of 
widely different types. The following scries 
does not exhaust the list of the compounds which 
have been utilised in these intricate separa- 
tions ; sulphates, double sulphates, nitrates, 
double nitrates, chromates, bromates, formates, 
oxalates, succinates, ethyl-sulphates, acetjd- 
acetonates, dimethyl-phosphates, glycollates, 
and sulphanilates (cf. James, J. Amer. Chem. 
Soc. 1912, 34, 757). 

The progress of these separations is con- 
trolled by chemical and ph 3 'sical methods. 

(1) Tlie chemical control consists in deter- 
mining the equivalent of any fraction either bj’ 
a gravimetric analysis of its sulphate (Kriiss, 
7,. anorg. Chem. 1893, 3, 44 ; Wild, ibid. 1904, 
38, 191 ; Brill, ibid. 1908, 47, 464 ; Jones, 
ibid. 1903, 36,92 ; Brauner and Pavlicek, J.C.S. 
1902, 81, 1243), or bj’ a volumetric anatj’sis of 
its oxalate (Feit and Przibjdla, Z. anorg. Chem. 
1905, 43, 202). 

(2) The phj’sical methods consist in observing 
the magnetic susceptibility of the fractions and 
their spectroscopic characteristics. The rare 
earths differ considerably in magnetic suscepti- 
biliU' ; and determinations of its amount arc 
rcadih’ made bj’ the magnetic balance of Curie 
and Chereveau (Urbain, Compt. rend. 1908, 146, 
400, 922; 1008, 147, 1280; 1909, 149, 37; 1910, 
160, 913 : 1911, 152, 141 ; 1914, 159, 323). 

The most convenient spectroscopic con- 
trols are (i) the absorption spectra, exhibited b\' 
solutions of the salts of manj- rare earths (c.g. 
ncod.vmiura, praseodj-minra, samarium, terbium, 
erbium, thulium, dj’sprosium, and europium) ; 
(ii) the arc spectra, in which all the rare earths 
give characteristic lines both in the visible and 
ultra-violet regions of the spectrum. Carbon 
electrodes are emploj’cd, the lower one con- 
taining a hollow in which is placed the salt under 
examination. The arc spectra arc photographed 
and the lines identified bv’ comparison with the 
known wave-lengths in the photograph of an 
iron spectrum taken under similar conilitions. 
The method is extremeK’ sensitive, although 
not equally so for different elements (r. 
CiiEMiCAi. A>‘.\tYSi.s and Exncrand Hascheck, 

Vot. II. — 33 


“Die Wellenlangen der Bogenspektra,” 1904-; 
and Hagenbach and Konen, “Atlas der 
Emissionspektren der meisten Elemente,” 
1905). Other emission spectra (the flame, 
spark, and cathode luminescence spectra) 
have been found to give useful indications in 
certain cases (Crookes, Phil. Trans. 1883, 174, 

[3], 891 ; Proc. Roy. Soc. 1885, 38, 414 ; 1886, 
40, 77, 236, 502 ; Chem. News, 1886, 54, 39. 54, 
63, 76, 155 ; 55, 83, 95 ; 56, 59, 62, 72, 81 ; 
J.C.S. 1889, 55, 255 ; Proc. Roy. Soc. 1899, 
65, 237 ; Lccoq de Boisbaudran, Compt. rend. 
1885, 100, 1437 ; 101, 552, 558 ; 1886, 102, 
153, 899, 1536 ; 103, 113, 627 ; 1887, 105, 

258, 301. 343. 784 ; 1890. 110, 24, 67 ; 

Bettendorf, Annalen, 1892, 270, 376 ; Baur and 
Marc, Ber. 1901. 34, 2460). 

The magnetic susceptibilities of rare-earth 
metals wdth anomalous valencies throw some 
light on the electronic structure of the metallic 
ions. Advantage is taken of the large para- 
magnetism of the metals and their salts. 
S. Mey'er made susceptibility determinations 
of quadrivalent cerium and praseod}’mium 
(Physikal. Z. 1925, 26, 51, 749), and later 
observers have examined compounds of bivalent 
samarium, tervalent gadolinium, and both bi- 
and tervalent europium and j’tterbium (Klemm 
el al., Z. anorg. Chem. 1928, 176, 181 ; 
1929, 184, 352 ; Selwood, J. Amer. Chem. Soc. 
1933, 55, 4869 ; 1934, 56, 2392 ; Hughes and 
Pearce, ibid. 1933, 55, 3277). These determina- 
tions indicate that the susceptibility of a quadri- 
valent rare earth metal ion approaches that 
of the ion of a tervalent metal ion with one less 
atomic number, whereas the susceptibilit 3 ' of a 
bivalent rare earth metal ion approaches that 
of a tervalent metal ion with an atomic number 
greater by one. These regularities indicate the 
movement of valenej' electrons in and out of the 
4j orbital quantum group. These magnetic 
susceptibilities when accurately determined afford 
a verj' exact means of analj’sis since the mag- 
netic susceptibilities of mixtures of rare earth 
compounds are additive. 

Physical and Cheotcal Properties or the 
Rare Earths axd their more Ijipor- 
TAST Compounds. 

Hydrides. — The rare earth metals combine 
directly at 220°-270° with hydrogen to form 
brittle amorphous solids ranging in colour from 
bluish-black (Ce and La), indigo blue (Nd), to 
green (Pr), and readily dissociated at higher 
temperatures (Muthmann, Kraft and Beck, 
Annalen, 1902, 325, 261 ; 1904, 331, 581). 

Oxides and Hydroxides. — The metals of the 
rare earths were formerlj- supposed to be diads 
(c/^ W\-rouboff, Bull. Soc. chim. 1889, [iii], 2, 
745 ; 1899, [iii], 21, 118 ; Compt. rend, 1899, 128, 
1.573), but the\’ are now regarded as mainlv 
tervalent elements forming oxides of the typo 
RjOj. although cerium, neodj'mium, prase- 
odj'mium, and terbium are capable of j'ielding 
higher oxides. The more stable o.xides of thorium 
and zirconium are of the form ROj. Later 
researches have shown that samarium, europium, 
.and v’tterbium have definite derivatives in 
which the}’ behave as bivalent elements. 
There is aho lev's conclusive evidence that lower 
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\a!cne> compoumis e\i'>t jn the ca«es of 
Jinthnnum, psclolinium. thuUum, ami lutecium 
The present \ie\\ that the rnet.aU of the rare 
eertbs ha^c a char.actenstic group \alency of 
3 K supported by the following facts . 

(i) TIte isomorphism of bismuth nitrate and 
certain nitrates ol the rare earth senes (Bodman, 
Ber. IKOS.SI. HIST). 

(ii) The crjosccpie ami cbullioaeopie deter 
imnatioii of the molecular weights of the 
chlorides and acct\lacctQnatca {Ber. 181)3. 31, 
1820 ; Compt. rend. 1901, 133, 280 ; .\nnalen, 
10<U, 331, 334) : these salts are thus found to 
have the general formula RX,. 

(ill) The electrical conductivity of the chlor- 
ides and sulphates in aqueous solution (Z 
phystkal. Chom. 1899, 30, 193 , Amer Chem J. 
1898, 20. C06). 

(tv) The specific heats of cerium, lanthanum, 
and didymium (.\nnalen, 1873, 168, 45 , Ber. 
1881, 2321 ; Bull Soc. ehim 1682. 12], 38, 
13!)). 

The rare e.arth oxides \ary considerably in' 
basic power, lantliana, praseodjmia, neodjnna, 
and cena, Ce.O], being the strongest ; whilst 
jtterbia, lutccia, scandia, and cenuni dioxide i 
are among the weakest bases of the senes. In 
general, tlio oxides (RjOj) of the cenuni metals 
arc stronger bases than those of the yttrium 
group. 

The order of decreasing basaity is that of 
increasing atomic number from lanthanuro, 
at. no. 57, to lutecium, at no 71. Lanthanum 
hydroxide is the strongest te.valent base known, 
being 1,300 times more basic then yttnum 
li^ilroxide If the htter metal of atonue 
number 39 u included in the rare earth sequence 
it would form an exception, for Hopkins (J. 
C'hciii Educ 1936, 13, 363) places it between 
ifliinuni (nt no Cl) and samarium (at no Ci). 
whcreis Endres (Z anorg Chem 1932,205,321) 
places It between gadolintiim (at no C4), and 
d^snrosium (at no G6) 

Tne h} droxidcs nre throw n out of solution os 
gelatinous precipitates ba amtnonia, ammonium 
sulphide, and the laustn. alkabs, e>eii in the 
presence orammoniiim salts , but tius precipita- 
tion la prcaeiitcd bv titiic or tartanc acid 
(except m the <ase of scandium). Unlike 
thorium and ziriunium, the metals of the 
cerium, terbium, .and jttnum groups are not 
precipitated as h\dratod peroxides from neutral 
solutions by hjdrogen peroxide, but their per- 
oxides separate from alkaline solutions (Brauner, 
Ber. 1881, 14, J0»4 , C!e\e, Bull. Soc. cbini. 

1 S3", [ii], 43. 53) These pi roxiJcs arc x erj un- 
stable, exohing oxjgon ot exen the ordinary 
tenii>crature ; they arc completely dcstrojetl by 
acids (f. CcRti’M : c/. Jlelikoff and I’lssarjewski, 
Z. anorg. Chem. 1899, 21, 70). 

Chlorides. — The (blondes of the rare rartli 
metals arc deliquescent salts Rxidily soluble in 
water or alcohol, and irystallising from the 
forme r aoh ent w itli ti or 7 molecular pro|)ortions 
of water. The anhxdrous clilondos, which arc 
fusible at ml heat, but x ery slijhtly xolstile.are 
obtained either by cxaporating their solutions 
to ilr^nexs xnth ammonium rhiondc and heating 
the double s.iU thus formed, or b} beating the 
corresponding oxides with carbon in a stream 


of chfonne, or preferably by heating the oxideor 
dr> sulphate m a current of sulphur chloride or 
carbonyl chloride or carbon tetrxchloriile 
(Hatignon and Bourion. Compt. rend 1901 J33, 
289 ; 1902,134,057, 1308 ; 1904,138, 631 ; ICiV,. 
140. 1161, Muthimnn and Stutzel, Ber. lS 9 o[ 
32. 3413 , Patterson, Z anorg. Clum ISm’ 
4. 1 . Chauieret, Compt icnd. 1911. 152. 87)’ 

A oompreliensixe senes of chloiidcs, bromules, 
and iodides of the rare earth metals has been 
prepared by Jantsch and collaborators (1929- 
1932) who have determined the melting points 
of these halides. In the first half of the group, 
the chlorides have the highest melting points, 
nhereas in the second half it is tbeiodiiles wLicIi 
are least fusible. This difference suggests a 
variation in the space lattices of the two sets 
of halides. 

The chlorides of the rare earth metals com- 
bine additively with ammonia and organic ba"« 
{eg pyridine { ef Compt rend 1905,140,141 : 
J. Amer Chem Soe. 1902, 24, 5i0 ; 1903, 25, 
1128, Ber 1902, 35, 2622), and exhibit a great 
tendency to form double salts with the less 
electropositix c metals The platiniehlondcs of 
the cerium metals are isomorphous and crystal 
lisc in regular octahedra (Ber. 1870, 9, 1722 , 
Annalen, 1878, 191,331). 

Fluorides, — TJie rare earth metals, inclmljrg 
thoriiicD, aie piccipitated completely as gcli 
tmous fiuondes by soluble fluoride’s aiul b> 
hydrofluoric and fluosiliric acids, in tins respect 
differing from zirconium, xxliich forms a soluble 
double tiuonde 

Nitrides. — The rare earth metals when 
heated combine directly with nitrogen to forui 
nitrides of the type M:N. They uro bnttlu 
amorphous solids, decomposed by niuist sir 
or by water, forming ammonia and the corre 
spoiiding hydroxide. 

Nitrates.— The nitrates of the rare euths 
dissoixe readily m water or ukoliol, tliosc of ths 
cerium group crystallising with C molefuliir 
proportions of w.iter, whilst the roirespuiuhiig 
salts of the yttrium group contain 3-6 luuls 
of water Tho cerium metals readily furiusli 
I stablo crystaliisablo double nitrates with (be 
Miuxafcnt and bivafent luetafs ('acuinonmiii, 
sodium, raagnesiiiiu, etc ). 

I With a MOW to facilitating tho scpantion 
of these closely allied nietaU, Newton rriend 
has studied (1928-1933) the solubilities of th* 
'nitrates, double magnesium nitrates, nn'l 
Isclenates of lanthanum, praseodynimw, and 
neodymium. 

Sulphates. — The rare earths dissolve m 
dilute sulphuric acid, and the solutions deposit 
hydrated sulphates containing frequently 4. *> 
or 12 mols of water. Tlie octaliydrated s'd- 
pliatex of praseodymium, neodymium, yttnum, 
gadolMiiuni, and ’ytterbium are isomorfboui 
(monocitnic) ; but the ccrout salt 
Cej(SO,)j.8HjO 

» rhombic. With exiess of acid, the noinisi 
sulphates of the rare earths arc (oii'crtcd 
into acid sulphates of conaidcrablo stability 
(Bull. Sot. rhjm. J889. (3). 2, 743; Compt 
rend. 1002, 134. 657 ; Z. anorg. Ci»m. H*"'- 
38, 322 ; J.C b. 1002, 8l, 1243 ; Ja'nw 
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and Holden, J. Amer. Chem. Soc. 1913, 35, 
559). 

The sulphates of the rare earths have the 
characteristic property of combining with the 
alkali sulphates ; the double sulphates of 
the cerium group are only sparingly soluble^ in 
concentrated solutions of the alkali salts, whilst 
those of the yttrium group are readily soluble. 
The double sulphates of the terbium group 
occupy an intermediate position, being moder- 
ately soluble in solutions of alkali sulphates. 

The variable valencies of the rare earth 
metals have proved very useful in rendering 
possible methods of separation between any one 
of the elements and its neighbours. The 
quadrivalency of cerium (cf.) has long been 
utilised in separating this metal from the other 
elements of its sub-group. More recently the 
bivalency of the rare earth metals has been 
utilised, for when the lower valency is effective 
the solubilities of the sulphates resemble those 
of strontium and barium (Jantsch, 1929). 
This observation has been utilised in separating 
europium from other rare earth metals by 
electrolytic reduction in presence of the sul- 
phate ion (Yntema, 1930). A solution of the 
oxides of samarium, europium, and gadolinium 
in hydrochloric acid was added to dilute sul- 
phuric acid and electrol 3 ’sed in a divided cell 
with mercury cathode and platinum anode. 
Colourless europous sulphate, EuSO^, separated 
at the cathode and showed only a trace of 
samarium, thus achieving one of the most 
difficult separations in inorganic chemistry. 
With less than 2% of EUjO,, co-precipitation 
with the isomorphous strontium sulphate is 
helpful. The method gives good jdelds of 
europous sulphate of high purity. Similarlj’, 
ytterbium can be separated from j'ttrium, 
erbium, and thulium by electrolj'tic reduction 
to ytterbous sulphate, YbSO^.xHjO, a light 
green salt. The method also serves to separate 
ytterbium from lutecium (Pierce, 1934). The 
tendency to form these bivalent sulphates 
decreases in the order europium, ytterbium, and 
samarium. The case with which europium is 
reduced to the bivalent condition forms the 
basis of a rapid procedure for the complete 
separation of this clement from its allies. A 
solution of rare earth chlorides rich in europium 
(70%), the remainder being neod^’mium, sama- 
rium, and gadolinium, was reduced with amal- 
gamated zinc and concentrated hj'drochloric 
acid, the progress of reduction being ascertained 
by the lading out of the absorption band 
(A5253) due to europium. Excess of hj’dro- 
chloric acid was then added, when colourless 
europous chloride dihydrate, EuCl 2 , 2 H 20 , 
separated in 90% .yield (McCov, J. Amer. 
Chem. Soc. 1937, 59, il31). 

Carbides of the rare earth metals maj' be 
prepared bj’ heating the oxides with carbon in 
the electric fumncc. Thej' have the general 
formula MC;. Thej* are brittle, crj'stallinc 
solids, transparent in thin laj’crs and of a j’ellow 
colour. Thc.v are decomposed b^- water, forming 
a mixture of acetj’lenc, hydrogen, ethane, and 
cthvlcne, and the hvdroxide of the metal 
M(0H)3. 

Carbonates. — Ammonium, sodium, and 


515 

potassium carbonates precipitate the neutral 
or basic carbonates from' solutions of the rare 
earths ; but these precipitates are soluble in 
excess of the reagents, and from the solutions 
thus obtained, cr 3 ^stallino double carbonates 
are deposited on evaporation. The carbonates, 
of the yttrium metals are generally more soluble 
than those of the cerium group in solutions of 
the alkali carbonates. 

- Oxalates. — The rare earth oxalates are 
precipitated by oxalic acid or soluble oxalates 
in neutral or acid solutions, and the sparing 
solubility of these compounds in acids is a 
characteristic property which serves to separate 
the rare earths from other metallic bases (Ber. 
1898, 31, 1718 ; 1899, 32, 409). 

The oxalates of the rare earths proper dis- 
solve only slightly in ammonium oxalate, 
differing in this respect from the oxalates of 
thorium and zirconium, the latter being also 
soluble in free oxalic acid (Brauner, J.C.S. 
1898, 73, 951). Aqueous ammonium acetate 
dissolves the oxalates of the yttrium group 
(Bull. Soc. chim. 1896, [iii], 15, 338). 

Formates. — The formates of the cerium 
group are less soluble than those of the yttrium 
group. These salts have proved useful in 
separating the elements of the terbium group. 

Acetates. — The acetates of the cerium group 
are very soluble and crystallise with difficulty ; 
those of the yttrium group are less soluble. 
Boiling with sodium acetate precipitates zir- 
conium and thorium from solutions of their 
soluble salts, but not the rare earths proper, 
excepting cerium from ceric salts (Ber. 1902, 35, 
672). 

Acetylacetonates. — Acct 3 'lacetone fur- 
nishes well- crystallised salts with the rare earths, 
and the fractionation of these compounds from 
alcohol has served in the separation of the 
yttrium group (Urbain, Compt. rend. 1897, 124, 
618 ; Bull Soc. chim. 1897, fiii], 17, 98 ; Ann. 
Chim. Phys. 1900, [vii], 19, 184 ; Biltz, Annalen, 
1904, 331, CO ; Z. anorg. Chem. 1904. 40, 
218 ; Hantzsch and Dcsch, Annalen, 1902, 
323, 26 : Biltz. ibid. 1904, 331, 334 ; 'James, J. 
Amer. Chem. Soc. 1911, 33, 1332 ; Morgan and 
Moss, J.C.S. 1914, 105, 189). 

Dimethyl Phosphates. — A solution of the 
rare earths is made in dimethyl phosphoric acid, 
the temperature raised, and the precipitate 
collected ; additional fractions are obtained b 3 ' 
evaporating the mother liquor. In the case of 
a material containing gadolinium with just 
sufficient terbium to colour the oxide orange- 
brown, the gadolinium collects in the most 
soluble fraction, and the terbium in the least 
soluble. Lanthanum, cerium, praseod 3 ’mium, 
and neodymium are left in the motlier liquor. 
The samarium, europium, and gadolinium salts, 
which ore much less soluble than these, but more 
soluble than those of terbium, d 3 'sprosium, and 
holmium, erbium, thulium, yttrium, and 3 'tter- 
bium, collect in the least soluble fractions 
(Morgan and James, J. Amer. Chem. Soc. 1914. 
36, 10). 

Catechol Derivatives. — On adding catechol 
and alkali successively to solutions of the rare 
earth salts amphoteric compounds of the general 
type H 0 R( 0 -C 5 H,- 0 H )2 arc deposited. These 



CERIUJf METALS AXD EARTHS. 


diuolre in ac«tic acid to rrystalbsaUe acetates 
(I) and in ammonia or alkali hj droxides to form 

C.H.<°>ROAc,j^^C,H.<°>j Rjw, 


I. 


II. 


the complex salts (II), where R = La, Ce, Pr 
or Nd; and M = Na, K or NH^ Of the latter 
substances the cenum denratne is noteworthy 
since it dissolves in concentrated ammonia to a 
violet solution which on boiling deposits crystals 
of an intense violet colour (Fernandes, Gaxzetta, 
1926. 56. 6S2). 

Tf>e jiletaU of the Hare Earths — The oxides 
of the rare earths are very refractory aubstances. 
which have not been reduced directly ; the 
metals are generally set free from the anhydrous 
chlondes. This reduction may be effected w ith 
sodium or potassiom, hut is preferably carried 
out electrolvtically. The dry chlorides, mixed 
with a small proportion of alkali chloride, or 
banum chloride, are electrolysed in a copper 
erucihle, fitted with earbon electrodes, the 
elcctroljsis being earned out with a eurrent of 
3<M0 amps, and 12-15 volts Tlie mixed 
metal collects in a molten state round the 
cathode, which passes through the bottom of the 
crucible. The anode is movable, so that the 
resistance and therefore the temperature can 
be increased until all the separated metal melts 
together A yield of 750 g of metal can be ob> 
tamed with a current of 120 amps m dhours 

Electrolysis of the chlorides m alcoholic 
solution with a mercury cathode leads to an 
amalgam of the rare earth element which when 
heated to 1,000” leaves a residue of the metal 
Amalgams having the general formula RHs« 
have been insolated where R»La, Ce, Pr or 
Nd (1931) With the exception of the fore- 
going first four members of the senes these 
metals are stable in dn’ tut but in presence of 
moisture corrosion occurs in all cases 

AYnh the mixed chlondes, prepared from the 
waste oxides of the thoria manufacture, the pro- 
duct IS the so-called ‘‘ mischmetal ' (Ce, 45% , 
La. Nd. Pr, 35% Sm, Er. Cd, Y. 20®,i), 
w.bjr.b. ba-s. h«m. useiL, bke. ainminMim. ui. >hr. 
Goldschmidt process (” thermite ’). to effect the 
reduction of the refractory oxides of moljbde 
num, xanadium, niobium ((olumbium) and 
tantalum (Muthmann, Holder, and tVciss, 
Annalen, 1902. 320, 331 , 19(M, 331, I . JWW. 
337. 370). 

Billtography of the Ran Earths — Rohm, 
“ Darstellung der seltenen Erden ” , Brow ning, 
“ Introiluction to the Rarer Elements” . Abegg, 
“ Handbuch der Anorganischen Cheriie.** \ol 
III, Part I ; HerzfcM and Korn, *'ChcDiicder 
seltenen Erden" ; Wyrouboff and Vimewl. 
“ La Chimic dcs Terres Hares ■’ , AnnualReports 
of Chemical Society, 1930, The Hare Earths 

G T M 

CEROSIG. A wax denied froinainrarcane 

CEROSILINE. A wax obtainetl from the 
palm tree Ctrorylon aiidicolum Humb. and 
Uonpl. 

CEROTENE.CjjHj,. A crystalline hydro- 
carbon, m p 65°, found by Konig and Kiesow \ 
(Ber. 1873, 8, 500) associated with cholesterol m 1 


the fat wax of hay and straw, and detected by 
K-neeht and Hib’bert m ordinary hou*<liold 
chunnex soot (Mem. Manchester Phil. Soc. 19U 
S8.t2].l). 

CEROTIC ACID. CjeHj^-CO.H. is found 
free m beeswax (Brodie, Phil. Trans. 1848, i 
147 , Mane, Ann Chim. Phys. 1896, [vii]’ 7 ^ 
145) and m the dry spores of AapufiKW 
mas and Asplenium Jilix femina (Kieael, Ber. 
11125, SB, [B], 1386) ; also found among tbs 
products of hydrolysis of wool fat {Gra*so», 
Biochem. Z 1924, 148, 61) ; as ceryl ctretale 
in insect wax (Brodie, t.c. ; Hennques, Ber 
1897, 30, 1415) ; in Chinese wax (Gascard, 
Compt. rend 1920, 170, 1326); in the bpary 
deposit from sunflower oil, originating in the husk 
of the sunflow er seeds, 30 kg. of the oil yielding 
0 14% of the wax (Bareuther, Chera. Umachan. 
1923,30, 117) Ceroticacid has been symthesised 
by Bteyberg and Llrich (Ber. 1931, 64, (BJ, 2504) 
who record the m.p. 87 7®-87 9°, other xalues 
are 82°-82 5‘’ (Gascard, I c.), 85“-S'»5° (Kicsel, 
Ic) The anhydride has mp 89 3'-89 5°, the 
ertylcster mp 59 5°-59 8° (Blxberg and Ulrich. 
{ t ). the reryl ester m p. 84° (Gaseard, I e ), 
the tuenthyl ester m.p, 43°, the phenyl este: 
mp 43®, the anihde m.p. 97® (Orassow, Ic), 
(he Ihatlous salt » an enantjotropio crystalline 
liquid having m p 135® and 113°-114° (Walter, 
Ber 1938. 69. [B], 062). 

CEROT I N . Uery] nlcohol, m.p 80*. 

Tbe alcohol obtained by hydrolysing insect wax. 

CERULETN r. Alizabix and Alued 

DvESTorfs 

CERULIGNOLr DeechTab. 

CERUSSITE. Native lend carbonate 
(PbCO,), of some irapoitancoas an ore of lead 
(Pb, 77 5%). being known as white lead ore 
It crystallises in the orthorhombic system and 
IS isomorphous with sragomte (CaCOj) and 
withente (BaCO,). Six-rayed stellate group* 
of twinned crystah ere extremely eharactrnsJjc 
The crystals possess an adamantine lustre, aw 
xcry heavy (spgr. 6 5), and effervesce with 
diluteacid , they are xery brittle, breaking with 
a bright conchoidal fracture , hardness, 3-3J 
The tnincrol occurs in the upper oxidised zones 
l-ifi. vft'nn, nf, ’Aid. •ita , hmvnrf, Hpa'i. Oir-mBd. tJia 
action of carbonated surface waters on galena 
Enormous deposits of rerussite intermixed with 
embolitc (silier chloro-bromide) and lodjnte 
(silver loilide) have been extensively mined at 
Bmkcn Hill in New South U'ales, where none 
of the oxidised ore now remains. Intimately 
mixed with hemimorphite (hydrated zme sili- 
cate). It IS abundant at Broken Hill in Northern 
Ithodc^ia. At both of these localities many 
finely crystallised specimens have been foui^ ^ 

CERVANTITE t. AvtisioNV, 

CERYL ALCOHOL V. Cerotiv. 

CETIACOL, palmiaeol. An insoluble 
guaiacol preparation used as an antiseptic. It » 
pyrocafethol methyl cetyl ether. 

CETINE. A purified Sjicrmaeeti U 
cetyl pxlmitatc 

CETOSALOL, salophtn, acetyl y ammo 
phenyl salicylate, 

HO CjHj CO,C,H,-NHAc. 



CHALCOSINE. 


CETYL ALCOHOL, 

CHjiCHjlje.-CHjOH, 
occurs as cetyl palmitate in spermacctc. 

CETYLMALONIC ACID, 

CH3[CHj],;CH(COjH),. 

Prepared by hydrolysing a-eyanostearic acid 
(Hell and Sadomsky, Ber. 1891, 24, 2781), or from 
ethyl sodiomalonate and cetyl iodide (Guthzcit, 
Annalen, 1880, 206, 357); m.p. 121-5°-122°. 

CEVADILLINE, CEVADINE Alkaloids 
of the Veratrum Group. 

CHAILLETIA TOXICARIA Don. A 
plant found in Upper Guinea, Sierra Leone, and 
Senegambia, the seeds of u-hich eontain a 
poisonous resin used for killing rats and other 
animals (Power and Tiitin, J. Amer. Chem. Soc. 
1906, 28, 1170). 

CHAIRAMIDINE, CHAIRAMINE are 
Cinchona Alkaloids. 

CHALCANTHITE. Native copper sul- 
phate, CuS 04,5H20, found as a bright blue 
efflorescence, or rarely as distinct triclinic 
crystals, in many copper mines, being especially 
abundant in some of the Chilean mines. In 
solution it is always present in the waters issuing 
from copper mines ; these are allowed to flow 
over scrap iron, the copper being precipitated 
as cement-copper. About 100 tons of copper 
have been so saved annually from the waters of 
the Rio Tinto mine in Spain, and considerable 
amounts were formerlj’ obtained from the mine 
waters in Co. Wicklow. L. J. S. 

CHALCEDONITE v. Ciialcedonv. 

CHALCEDONY. A native form of silica 
occurring as reniforra, botryoidal, or stalactitic 
masses lining and filling cavities in rocks. It 
is usually greyish or creamy-yellow in colour, 
and has a characteristic wa.vy lustre with a 
certain degree of translucency. It possesses a 
minutely fibrous structure, the fibres being 
arranged perpendicularly to the concentric 
banding of the material. The optical character 
and orientation of the fibres is variable ; and 
based on these differences French authors have 
distinguished several forms of silica under 
special names (quartzine, lutecite, lussatite, 
chalcedonite, and pscudochalcedonite). The 
physical characters of the mineral approach 
those of quartz, but with slightly lower values ; 
sp.gr. 2-57-2-G4 ; hardness OJ-7 ; «Nj 1'5325, 
1'5435. Analyses show, in addition to silica, 
the presence of variable amounts of impurities 
(iron oxides, alumina, etc.), and on the average 
about 1% of water. The water is probably 
present ns adsorbed water held between the 
fibres ; and its presence supports the idea that 
the mineral was deposited in a colloidal form 
as liydrated silica, and that it afterwards 
passed into minutely crystalline quartz. 
The name “ enh3’dros ” is given to hollow 
nodules of chnlcedonj’ containing water and an 
air bubble which is visible through the semi- 
transparent wall. Depending on the nature of 
the impurities present (and partlj' also on the 
state of aggregation of the material) the mineral 
maj- bo of various colours, and on these differ- 
ences are based several trivial varieties which are 
used ns semi-precious stones. Cantelian owes its 
red colour to ferric oxide, and sard its brown 


colour to hj'drated ferric oxide ; sard passes over 
into carnelian when ignited. The apple-green 
colour of chrysoprase is due to nickel silicate and 
the dark green of plasma to an iron silicate. 
Heliotrope show's blood-red spots on a dark green 
ground. Smoke-grej' flint passes imperceptibly 
into more typical chalcedony. In agate 
differently coloured layers are banded together 
in the same stone. The uses of chalcedony are 
the same as those of agate (q.v.). On the 
artificial colouring of chalcedony, v. Agate. 

L. J. S. 

CHALCOPYRITE or COPPER - 
PYRITES (Ger. Chalkopyrit, Kupferkies). 
A sulphide of copper and iron, CuFeSj, contain- 
ing when pure 34'5% of copper, and the most 
important of the ores of copper. It has a 
characteristic brassy -yellow colour with metallic 
lustre, and on the surfaces often displays a 
brilliant iridescent tarnish (peacock-copper-ore). 
It often occurs together with, and intimately 
intermixed with, iron-pyrites, from which it can 
be distinguished by its deeper colour and lower 
degree of hardness ; copper-pyrites (H. 3J-4) is 
readily scratched with a knife, giving a greenish- 
black powder, whilst iron-pyrites (H. 6-6J) is 
scratched only with difficulty or not at all. 
It occurs in mineral-veins and in bedded 
deposits, and b3'its alteration gives rise to many 
secondary copper minerals. Cr3’stals are tetra- 
gonal with inclined hemihedrism and comple.x 
twinning, but only rarely are they distinctly 
developed ; sp.gr. 4-2. L. J. S. 

CHALCOSINE, CHALCOCITE, or 
COPPER-GLANCE (Fr. Chalcosine, Ger. 

I Chalkosin, Span. Chalcosina), Native cuprous 
'sulphide, CUjS, crystallising in the ortho- 
j rhombic system. Excellent twinned crystals 
' were formerly found in some abundance in the 
I neighbourhood of Redruth in Cornwall (hence 
the name redruthitc) and Bristol in Connecticut ; 
usually, however, the mineral is found as com- 
pact masses. It is iron-black with metallic 
lustre, but, on exposure to light, it soon becomes 
dull with a powdery black coating. It is soft 
(H. 21) and sectile, and can be readily cut 
with a knife ; sp.gr. 5-7. It is of wide distri- 
bution in veins of copper ore, and is often of 
importance as an ore, especially when it contains 
small amounts of silver. Frequently it occurs 
intimately intergrown with other copper sulphide 
minerals — chalcop3’Tite, bomite, and covelline. 

A cubic modification of CU2S is stable above 
91°C. Several varieties of chalcosine have been 
distinguished by metallographio methods. A 
lamellar strueture is token to indicate that the 
mineral was originally deposited in the cubic 
form at a temperature higher than 91°, which 
on cooling changed over into a twinned aggregate 
of orthorhombic crystals. Distinctly formed 
paramorphs with cubic outlines (as with leucite) 
arc, however, not known. 

The name chalcosine (F. S. Beudant, 1832) was 
changed to chalcocite by J. D. Dana (1868) 
without sufficient reason, the letter c here having 
three different values. 

Isomorphous with chalcosine is the mineral 
stromeyerite (Ag.CuljS, which has been found 
in considerable quantities in the Altai Moun- 
tains in Siberia. L. J. S. 



CHALCOSTIBITE. 


CHALCOSTJBITE or WOLFSBEBG- 
ITE. A mineral of the composition 
Cu2S-8b,S,=CuSbSj. 
found as small orthorhombic crjstals at Wolfs- 
berg in the Harz Moantains, Gue^ar in Spam 
(“ guejantc and Bolnia 3Iore recently 
large crystals ha>c been found in the uadi 
Cherrat m Slorocco. The crystals Lave a 
perfect cleavage in one direction ; sp gr. S 0, 
hardness 3^. The mineral has been recognised 
by metallographic methods from several other 
localities, and it is no doubt of wide distribution 
in copper ores ilassive material from Bobvia 
gave Ge 0 91%. LJS 

CHALCOTRICHITE, cuprite Natiic 
cuprous ovide. 

CHAUK. A white or greyish, loosely co 
lierent kind of limestone rock, composed almost 
entirely of the calcareous remains of minute 
marine organisms (forammifera, coccoliths. 
etc ),and fragments of shells The purest kinds 
fOTitain up to 99% of calcium carbonate m the 
form of the mineral calcite Silica is always 
present in small amounts as the mineral opal, 
representing the rciunins of other minute marme 
organisms (radiolana, etc ) and sponge spicules , 
and It is often segregated as the nodular masses 
of dint so commonly found embedded in cbalk 
rock. Minute grains of quartz, felspar, zircon, 
rutile, and other minerals are also often present 
With the admixture of clayey material there 
may b« an insensible gradation from pure chalk i 
to eAnH morl. In pAospAstic cAolI there is I 
much calcium phosphate (up to 45%) . m green | 
plauconiliecAalt there is an admixture of grams of 
glauconite (a hydrated iron potassium silicate), 
and in red cAoil there is some iron hydroxide 
Kot only may there be considerable variations m 
the composition of chalk, but there may abo be 
Mide sanations in the colour (snow-white, grey, 
etc.), and texture of the material Ittnay tesolt, 
incoherent, and porous, or quite hard and 
crystalline (as the chalk of the Yorkshire coast). 

The following analyses of cbalk are selected 
from those quoted by A J, Jukes Browne, 

The Cretaceous Bocks of Britain,” Mem. Geol. 
Survey, 1903 (gf. for detaib respectmg the 
^glish chalk) , f, Jfiddle Chalk from ttye, 
Kent ; II. Chalk Bock from Boxmoor, Hertford- 
shire ; Ilf. soft white Upper Cbalk from 
Famliam, Surrey ; 

I. II III 

CaO . 52 750 54 900 55 18 

MgO . 0 211 0 374 0 30 

I® SmI o» 

MnO . . 0 140 — — 

K,0 . . 0 00b — 0 22 

lVa,0 . . . 0 013 — 0*1 

CO, . . 37 670 4* 101 4*57 

P,Oj 0100 0 713 008 

SO, . . 0 082 0 465 0 09 

Cl . . . 0 000 — — 

SIO. (solublel . 0 035 0 128 — I 

\ 5400 _ -- 

Organic matter/ 

Insoluble . . .2 480 1 003 0 87 


The uses of chalk are numerous For 
example, as a writmg material in form of wbte 
and coloured crayons ; for the manufacture of 
quicklime, mortar, Portland cement, plaster, 
etc , and as a fertiliser. WTiiting b prepared by 
grinding chalk and coUecting the finer sediments 
from water ; this is used for polishing, making 
putty, and many other purposes. Under the 
Dame of “ Pans white," chalk is used in the 
' manufacture of india rubber goods, oilcloth, 
wallpaper, etc. The harder kinds are exten- 
sively used as a building stone. 

I Large quantities of chalk are quamed in the 
I counties of Kent, Surrey, Sussex, Cambridge, 
Lmcoln and Hampshire ; Kent being by far the 
most important. The production of English 
I cbalk IS BIX to seven million tons per annum 
I A certain amount of this is exported to the 
' United States, though there are extensile beds 
of cbalk m Kansas, Arkansas and Texas. 

L. J. S. 

CHALK, FRENCH. HjMgjSuO,, Talc, 
steatite, or soapstone. 

CHALKONE GROUP. CJiallone or 
benzybdeneaeetophenone. 


IS readily prepared by the action of sodium 
I hydroxide on an alcobohe solution of benialde- 
hydo and acetophenone at ordinary tempera 
turc. It consists of yellow rbombio piisms, 
m p. 57*-58®, and when submitted to hydrolysis 
IS reconverted into the aldehyde and ketone 

By the employ roent of hydroxy acetophenoaei 
and hydfoxybentaldebydes, in general previously 
methylated, numerous cbalkone denvatives were 
e^lhesised by vonKostaneckiandhisco workers 
(Ber. 1898, ef acj.). 

Of the various derivatives, the S-hj'droiy 
chalkones possess great interest on account of 
their relationship to the naturally occurring 
dyestuffs of the flavone and fiavonol groups ^ 

2 Hydroxychalkont, yellow needles, m p. 88 - 
89®, dissolves in alkali hydroxides with an orange 
colour, end in concentrated sulphuric acid with s 
jeffow colour (f’euerstein and von KostanecU. 
ibxd 1893,31,715). It is converted into flavone 
by the action of alkali hydroxides on the 
dibromo addition product of its acctvl denvatire 
(Feuerstem and von Kostanecki, ib\d. 1738) : 


/'^OH BrCH 
CO C Br 


CaCOj 



CHALYBITE. 
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When 2-liydroxychalkonc is digested at the 
boil with aicoholie stdphuric acid, jlavanone 
tdUn/droflavonc) is produced : 



and this method is generally adopcd for the 
synthesis of llavanone derivatives. On 
hydrolysis the flavauones yield ehalkones, a 
reversal of the above reaction. In these cases 
the reaction is not unidirectional, and the cont 
version of flavanone into chalkone, or chalkone 
into llavanone, is never complete. 

Though as a rule a chalkone only is obtained 
by the interaction of aldehj'de and hydroxy- 
ketone, when gallacetophcnone dimethyl ether 
(W'oker, von Kostanocki, andXambor, ibid. 1903, 
36, 423b) or quinacetophenone monomethyl ether 
(von Kostanocki and Lampo, ibid, 1904, 37, 773) 
is condensed with honzaldehyde in the presence 
of sodium hj'droxide, 7:8-dimethoxy- and 6- 
mot boxy-da vanone, respectively, are thus 
directly produced. Again, Lowenbein {ibid. 
1924, 57, ('ll], 151.5) obtained flavanone in 80% 
yield by adding excess of aqueous sodium 
hydroxide to a warm alcoholic solution of 
o-hvdroxychalkone. 

.Simonis and Lear (ibid. 1926, 59 [B], 2908) 
observe that phenolic ethers, particularly those 
containing a substituent in the para-position 
to the alkoxyl-group, are converted by suitable 
acid chlorides in the presence of aluminium 
chloride (1 mol.) into alkylated ehalkones ; 
the use of a further molecule of aluminium 
chloride removes the alkyl group. Thus, quinol 
dimethyl ether, cinnamoyl chloride, and 
aluminium chloride (1 mol.) yield 2:5-dimethoxy- 
phcnyl styrj'l ketone, and this is converted by a 
llirthcr molecule of aluminium chloride into the 
r>.mctho.\-y- compound, which, with alkali 
hydroxide, gives (i-methoxyflavanone. Monti 
(tJazzeUn, 1930, 60, 43) point.s out that this 
method is not new {rf. Stockhausen and Gatlcr- 
mann, Ber. 1892, 25, .3.')3.5). Shinoda and Sato 
(.1. rharm. Soc. Japan, 1928, 48, No. .5.58, 109) 
have synthesised ehalkones, hydrorhalkones, and 
llavauoncs by a similar method. 

By emploving the fullv bcnzoylatcd deriva- 
tives, Russell (J.C.S. 19'34, 218, 1066, 1.506) 
has synthesised ehalkones by condensing 
hydroxyacetophenones with hydroxybcnzaldc- 
hyclcs in dry ethyl acetate at O'’ in presence of 
hydrogen chloride. 

o-llydroxyclialkoncs are converted into 
flnvonc.s by oxidation with selenium dioxide 
(Mahal. Rai, and Veukataraman, idid. 1935, 
SGG), whilst b^’ oxidation with alkaline liydrogcn 


pero.xide, flavonols are produced (.41gar anO 
Flynn, Proc. Roy. Irish Acad. 1934, Ser. B, 42, 
separate issue). 

Ryan and O’Neill (Proe. Roy. Irish Acad. 
1915, 32, 48, 167) obtained di-o-hydroxydichnlk- 
one {dibenzylidenediacetoresorcinol) : 



yellow crystals, m.p. IGb^-IOS", by interaction of 
diacetorc'sorcinol dimethyl ether and benzaldc- 
hyde, and dcmothylation of the product. 
An interesting fact recorded by these authors is 
that, by a variation in its method of preparation, 
four distinct varictic.s of this dichalkone can be 
produced. Whereas three of these, designated 
as a, p, and 8, are stereo-isomers, the fourth or 
y variety is structurally related to the other 
three. A. G. P. and F. J. C. 

CHALMERS I TE v. CijB.4N1te. 

CHALYBITE. Native iron carbonate, 
FeCOg, forming rhombohedral crystals iso- 
morphous with calcite (CaCOg), and of im- 
portance as .an ore of iron. It is often known ns 
siderite but this name had earlier been applied 
to three other mineral species ; it has also been 
applied to lodestone, ironstone and iron- 
wort, and at the present time it is in com- 
mon use as a group name for meteoric 
irons. Siderose was the original form of the 
name as applied by F. >S. Beudant in 1832 
to iron carbonate. Sp.gr. 3-9 ; hardness, 
3J. Small, brilliant crystals of varying habit 
arc common in many mineral veins, for example 
those of Cornwall. I'eins of massive sparry 
material .showing cleavage surfaecs {Spathic 
iron-ore) have been mined in the Brendon 
Hills in Somersetshire, Wcardalc in Co. Dur- 
ham, the Siegen district in H'estphalia, dep. 
Isere in France, etc. The fresh, unaltered 
material is creamy white in colour (“ white 
ore ”), but when slightly weathered it is brown 
(“ brown ore ”). The Cleveland ore is a pi.solitic 
form of chalybite occurring as beds in the Lias 
strata ; and the important clay-iron-stone and 
black-band iron-stone of the Coal-measures con- 
sist of compact chalybite, intermixed with ebay 
and carbonaceous matter. A nodular form with 
an internal radiated structure is known as 


sphnerosiderite. 

I. 

n. 

HI. 

IV. 

FeO . . . 

GI-OS 

49'47 

39-92 

46-35 

FCgOg ... 

— 

— 

3-6(1 

3-00 

ALOg . . . 

— 

trace 

7-86 

0-30 

MnO ... 

M2 

2'42 

f»-95 

1-Gl 

CaO . . . 

0-10 

3-47 

7-44 

1-93 

MgO . . . 

O'lry 

3- 15 

3-82 

2-24 

COg . . . 

38*19 

37-71 

22-85 

32-46 

PgOg . . . 

— 

trace 

1-86 

0-67 

SiO, . . . 

— 

1-20 

7-12 

— 

SOg-. . . . 

— 

trace 

trace 

trace 

FeS, . . . 

— 

0-08 

0-11 

0-15 

HgO' . . . 

— 

— 

2-97 

1-43 

Organic matter 

— 

trace 

trace 

2-95 

Insoluble 

— 

3-77 

1-64 

7-29 


100*02 

ini-27 

lOn-41 

100-3,8 

Total Fe 

— 

38-56 

.33-02 

38-29 
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Analysis I is of pure selected crj'Etab from 
near Camborne, Cornwall (A. Hutchinson, 3Iin. 
Mag. 1903. 13. 209) ; II-IV of ores, by A. 
Dick, m “Iron Ores of Great Bntam,” Mem 
Geol. Survey, 1856-1862 ; II yellowish grey 
ipathose ore from Weardale j III greenish* 
grey earthy oolitic ore from Cleveland (also 
kjO 0 27 in the portion soluble in HCI) ; IV 
clay.iron stone from Shelton coUierv, Hanley, 
Staffordshire. ' L. J S 

CHAMOMILE. ESSENTIAL OIL OF. 
The oil distilled from the floviers of the Roman 
chamomile Anlfiemts noiiht, L. (Fam Com 
posit®) indigenous to Great Bntam, Southern 
furope, Spain, and ftaly. The flowers mature 
m August. When freshly distilled the oil is a 
deep blue colour, which gradually fades to a 
greenish-yellow colour on keeping The yield 
IS about l-O^o- 

Consliluenls —Ethyl isobulj'rate, angeho, and 
tiglic esters of isohutyl and hevyl alcohols and 
anthemol, an alcohol belonging to the terpeno 
senes. The blue constituent is 
Charaelera —Sp gr at 13 5® 0 905-0 915. 

-1* to .f3®, 1 442-1-465 Soluble in 

6 vola of 70% alcohol German chamomife 
oil obtained from the flowers of the German 
chamomile J/atricario ChamantHa. L, has 
spgr. 0 930-0 940, congeals about +1, and is 
soluble in 3 cols of 90% alcohol It contains 
chamomillol, tnchamomdlol, esters of caproie 
acid, solid hydrocarbons, furfuraldehyde, and 
umbelliferone methyl ether It also has a blue 
loIoiirduetntlK |)n-s(n< t (•loliniii tru|< ni <' T U 
CHAMOMILE FLOWERS. Accordmgto 
Power and Browning (JCS. 1914, 105. 1833), 
the flowers of AnlAemis no6tfie Linn contain, 
in addition to numerous other su^tances, an 
apigenm glucosidc, C,iH,,iO,o.2H,0. faintly 
yellow microscopic crystals, m p 178®-180*. 
It dissolves in alkalis with a yellow colour and 
ivea with aqueous feme chloride a purplish- 
town coloration Dried at 125®-I30° it loses 
1 tool of water of crystallisation, but the second 
molecule cannot be ehminated without decom- 
posing the substance. This is evident from the 
composition of the hexa acftyl derivative, 
C„H.,0 ig(CO CHjlf, colourleos microscopic 
ciyeiftcvr, arp. iVtf -f-Af®, tde moiecuie oF water 
in question being eliminated in the process of 
acetylation. 

When hydrolysed, the gluco<ide yields api- 
genin I 3 4' (nhyc/roxjffoione and devirose. 

A. G. P. and E J- C. 
CHAMOSITE. An ore of iron, closely 
allied to Ihunngsle, 

H„Fe'VAI.Fe"'),SijO„ 

CHAMOTTE. This term, more frequently 
used on the Continent than in this country, is 
applied to the non plastic component* in- 
corporated with raw clays, and is almost 
synonymous with the English term "grog” 
On the Continent, clays arc often carefully 
■elected and burned in special furnaces (e g abaft 
or rotary kilns) to yield a thoroughly fire-ahnink 
material, which mixed with raw clay mlucca 
shrinkage, prevents warping, and facihtatcs 
(I'ytng, etc. In some cases, such chamotte 


forms the main constituent of the refractory, 
the neieesary binding power being secured bv 
the use of a highly plastic clay, such as a “ ball 
clay." In this country*, discarded furnace 
blocks, crucibles, etc., are broken up and used 
generally as grog. The term chamotte more 
often implies a selected clay, specially burned 
for the purpose. W. C.H. 

CHANNA, a mesembnne alkaloid. 

CH'AN SU r. Cardiac Glycosides, Toad 
Poisons. 

CHARCOAL r. Carbon. 

CHARD. A species of beet (Bela xulgam 
var. cir/u) the leaves and leaf stems of which are 
hoi/ed as a vegefaWe. Other names include 
" Swiss chard ” and " leaf beet.” Chung and 
Ripperton (Hawaii Agnc. Exp Sta. Bull. 1929, 
No 60) record the following analyses of the 
odihle portion : HjO 92 2, protein 1 4S, fat02, 
N free extract 3 1, fibre 0 9, ash 2 2%. The 
mineral constituents include Ca 0 10, Fe 0 004, 
P 0 024 %, and Cu 1-1 mg per kg A. G. Po. 

CHARTREUSE. A weU known and 
popular liqueur, the original recipe for which 
18 said to have been presented by the Marquess 
d’Esfrees to the Carthusian monks of Pans 
iin 1602. Owing to the difficulty of procuring 
I the necessary alpine plants m that neighbour- 
hood It was passed on to members of the order 
at La. Grande Chartreuse near Grenoble in 1735 
The elixtr xilse was valued as a stimulant 
for the less robust members of the fratenitr 
weakened by ace or by the privations and hard- 
ships entailed by the seventy of their rehpoui 
exercises and « as also dispensed to the (Mbls 
poor of the distnct. 

After numerous disasters, occasioned by fire, 
pillage.'andconfiscationof their property through 
religious and pobtical persecutions, culminating 
in the loss of everything during the French 
Revolution, the monastery was restored m 
1816 althcugh in a very lopovenshed con- 
dition 'Ihe secret of the manufacture of 
the “elixir” had, however, been carefuUy 
preserved, and this was made the basis of 
the recipee for other varieties of liqueur 
The two main v arieties are named m accord^ 
ance with their colours “ green ” and “ yellow,” 
5u'<f « rtnlronbw Aijovuv A'civrwre -w " 
chartreuse also enjoys considerable favour. 
The virtues of these preparations were widely 
edvertised by the mihtary officers who were 
quartered in the monastic buildings about the 
middle of last century and in consequence the 
monks cntcretf upon an era of unprecedented 
prosperity. To meet the greatly increased 
demand extensive and modem plant ws* 
installed at Foiirvoisie in 1863 In IW. 
however, there fell upon the fraternity further 
trouble in the passing of the French Religious 
Associations Act. In consequence, the cionKi 
migrated acro's the border to Tarragons m 
Spain where they have since continued the 
manufacture of liqueurs according to their old 
formukx. . 

More than 200 ingredients are said to w 
used m the manufacture of genuine chartreuM 
iind Its spint basis is rectified grape spint dj*- 
I tilled from sound wine. The usual alcoholic 
istrength of each of the three varieties ot 
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chartreuse is respectivelj' : green 55% of alcohol 
by volume or 96% of proof spirit ; i/ellow 42-5% 
of alcohol or 74-5% of proof spirit ; white 30% 
of alcohol or 52-5% of proof spirit. 

There are many imitations of chartreuse, 
mostly prepared from plain spirit flavoured 
with essential oils and coloured by means of the 
various ingredients described under Cordials 
and Liqueurs. The formula! given in the 
attached table are typical of those adopted in the 
preparation of these imitations. The mixture 
is digested for 24 hours and then distilled until 
nearly all the spirit is over. The distillate is 
diluted to 100 litres, coloured, and sweetened 
with sugar as desired, and, after standing for 
some time, filtered. 


Ingredients. 

Green. 

yclloiy. 

AVhite. 

China cinnamon 

15 g. 

15 g. 

125 g. 

Mace 

Lemon balm, 

15 „ 

15 „ 

30 „ 

dried . 

n.vssop fflower 

pOO „ 

250 „ 

250 „ 

tops) . . . 

Peppermint 

250 „ 

125 „ 

135 „ 

(dried) 

250 „ 

— 

— 

Thyme . 

Dalsimo (Bal 

30 „ 



major) 

125 „ 

— 

— 

Juniper . 

250 „ 

125 „ 

125 „ 

Arnica (lioirers). 
Balsam poplar 

io„ 

15 „ 


(buds) 

15 ,, 



Angeliea (seeds) 

125 „ 

125 „ 


Angellea (roots). 

02-5 g. 

30 „ 

30 „ 

Coriander . . 


1,500,, 


Cloves . . . 


15 „ 

30 „ 

Aloes (Socotrlne) 
Cardamom 

— 

30 „ 


(small) . . 

— 

50 „ 

30 „ 

Nutmegs . . 


— 

15 ., 

Calamus . . 



300 „ 

Tonlva beans 


— 

15 „ 

Aleohol (85^;,) . 

fl2'5 litres 

42-5 litres 

52.5 litres 

White sugar. . 

25'Okg. 

25'0 kg. 

37-5 kg. 


P. G. H. T. 

CHAULMOOGRA (CH'AULMUGRA) 
OIL GROUP. This group of oils, obtained 
from the seeds of certain tropical species of the 
Fam. Flacourtiacea: Warburg (si/n. Bixinese, 
Bixacea: Bentham and Hooker) is remarkable 
on account of the presence in predominating 
quantity of the glycerides of the optically active 
(dextrorotatory) chaulmoogric and hydno- 
carpic acids. These acids, discovered by 
Power and his collaborators (J.C.S. 1904, 85, 
838, 851 ; 1905, 87, 884 ; 1907, 91, 557), 

are characterised by the presence of a cyclo- 
penteno nucleus, and their formulation by 
Power as follows, 

CHj— CH-[CH„]jyCOOH 

CH = CH 

Hydnocarpic ncld. 

and 

CHj— CH-[CHj]ij-COOH 

CH = CH 

Cluaulmoofnlcnchi, CuH^jO,, 

has been confirmed by synthesis of the dl- forms 
of the acids (r/. Perkins and Cruz, J. Amcr. 


Chem. Soc. 1927, 49, 1070; R. Adams and 
collaborators, ibid. 1926, 48, 1080). 

Derivatives of these acids, including the oils 
themselves (t.e. the glyceryl esters), all possess 
remarkable therapeutic value in the treatment 
of leprosy, and the use of the oils for this purpose, 
which has been native practice from olden times 
in India and Indo-China, has extended within 
the last 20-30 years aU over the world with 
marked success. The employment of chaul- 
moogra oils in the treatment of tuberculosis 
has also been mooted (c/. Schobl, Philippine J. 
Sci. 1923-1924 ; Peirier, Thesis, Marseille, 
1930 ; Graham and co-workers, Illinois Agric. 
Expt. Sta. 47th Ann. Rept. 1935 (1933-1934), 
86 ). 

As a result of the work of V. G. Heiser, and 
especially of Leonard Rogers in India (1916- 
1017) and of Dean and Hollmann in Honolulu, 
the old method of oral administration of the 
oils (which is limited by the nauseating pro- 
perties of the oils) has been superseded by in- 
jection of the sodium salts, or of the ethyl 
esters of the fatty acids of the oils. Of a further 
series of derivatives of chaulmoogric acid, 
prepared by West (c/. Philippine J. Sci. 1927- 
1929), none appears to offer any marked thera- 
peutic advantage. 

(For reviews concerning the therapeutic appli- 
cations of chaulmoogra oil, cf. Hollman and 
Dean, J. Cutan. Dis. 1919, 37, 367 ; Muir, “ Lep- 
rosy — ^Diagnosis, Treatment and Prevention,” 
Lahore, 1928, 4th ed. ; Sclilossberger, Z. angew 
Chem. 1924, 37, 4; Wayson and Badger, U.S. 
Pub. Health Rep. 1928, 43, 2883; (discussion) 
Proc. Roy. Soc. Med. 1927, 20, 997 ; Eubanas, J. 
Philippine Is. Med. Assoc. 1931, 10, 203 ; 
Findlay, “ Recent Advances in Chemotherapy,” 
London, 1930 ; Fischl and Schlossberger 
“ Handbuch der Chemotherapio,” Vol. I, Leip- 
zig, 1932; and the literature of tropical 
medicine.) 

Foy medicinal purposes, the cold-pressed oils 
are used. Suitable methods of refining are 
described by Perkins, Cruz, and Reyes Ind. 
Eng. Chem. 1927, 19, 939. 

Among the best-know-n oils of the chaulmoogra 
group are those from seeds of three Asiatic 
species, viz. chaulmoogra oil from Tarakto- 
genos Kurzii King {Hydnocarpus Kurzii 
Warb.) ; lukrabo or krabao oil from 
Hydnocarpus anlhelminlicjis "PioTre:; and hydno- 
carpus oil from Hydnocarpiis Wightiana 
Blume, whoso properties, together with those 
of the oils from //. alcalac de Candolle and 
Carpotrochc brasiliensis Endl. are illustrated in 
Table I, p. 522. 

Similarly active oils, which differ from each 
other in their respective contents of chaul- 
moogric and hydnocarpic acids, are obtained 
from several other (but not all) species of the 
genera Hydnocarpiis, Taraklogenos, and Asleri- 
astigma from Asia and Oceania, Caloncoba from 
Africa, and Carpotrochc, Lindackeria, and Mayna 
from South America (Brazil). 

These oils appear as soft yellowish or bro^^■ni8h 
fats at ordinary temperatures (15°-20'’C.): 
they melt between 22° and 30°C., and show 
optical rotations ranging from [aln=about 
-f43° to -f64° at 30°C. (in CHCI3) ; their 





522 CHAULMOOGRA (CHAULIIUGRA) OIL GROUP. 


Tahie I — Ciun vcTERisTics or Oils or the CitArLMOocBA ORoir' 



Taraltoifhitt 

Ilgdao'arput 

aaOielniiiiiieii* 

Uijdr\o''arpu» 

11 toHiaim * 

Vndnornrput 

Iriii'litHtit 

Sp gr . . 

0 043-0 354 
(0 940- 
0 960‘25''C.) 

0 313-0 954 

(0 93- 
0 96'25®C ) 

0 944-0 934 

0 953-0 939 

"d • • ■ • 

1-472- 
1 4-7/30'C. 

1 4713- 
1 4753/30'C. 

1 4759- 
1 4783 '30^C 
(1-472- 
1 476/40‘C ) 

1 4763- 
1 477/30‘C. 

1 4792- 
l-4818/2o'C 

[a]^,® (in CHClj) 

+35" to 

(H 4S* to 

+C0'’ 
,at ) 

+42 5® to 
+51 .5® 

+51® to 

+ .58® 

« +S3®.) 

+46 3® to 
-f49 C® 

+.52® to 
+ 59®,20'C 

Mp . 

ow-iB'C 
(c 2-.'( ) 

20®-30"f. 
(inostiv 
20''-20"C ) 

22®-32 C 
(2tJ®-2.5®C ) 

Mioiit .lO'C 

21’-2.3T 

Acid value . 

10- 2S 

O-J-i-D 

1-20 

0-20 

O-J-i) 

1-13 

0-7 

Saponification value 

183-215 

(I9G-213) 

187-226 r> 

200-210) 

197-207 

(I9S-204) 

180-202 


fndine value 

91-113 

(93-104) 

81 90 6 

9V103 

(97-103) 

84 94 

101 6-1 12 1 

Fp of fatty acid* 

.12M0'U 

36®-42®C 

39 5®-42®C 

55'C 

m p 20 :.'C 


^ The j)n‘)hlicnl cb'>nirtrrlstlcs «f <arh oil MO Mxneuhat accooiins to tlic uncin nixl roiKlirion 'ftlir 
rordt the tteurra n product abo^•.' are topical of the usual ranges, tut do not iirriS'<aril\ include ixtirmi' 
salucs tint he\e been n ported in Isolated ea«c8 

* l-imits "intlfled bv ' United States Phannecoperla," XI (IMC). «h««n in brackets (.V D — Tlie " bnlted 
State* I'JnrmacopaUi’ XI. admit* under thetlllc of O/eum CA«B/iMowe<r. the oils from 7' hurtii, Hi/tliiotnrpv 
Wijlitiatia, U antMminlm, or other species of //vrfnoeurjw* In «o far as thc> tniiform tn the «iieeilKi] 
tenulrement* > 

* Llmltiipcclfled bj ■' Dritl‘h riiarmacopcel*,'’ 1932. shown In bracket* 


siponiflcntinn tnlue* lie, a* a rule, between I 
107 nnd 21S, and the iodine values between | 
82 nnd 103 , the content of ttnsaponifiable 
initter 1* low, < j 0 2% (I'or descriptions of a 
niimticr of Hydnotarpui and related oiK see 
Perkin* nnd Crui, riiilippine J. Sei 1023, 
23, ."SIS ; Perkins, Cruz and Be.ves Ind. Eng 
Chein 1927, 19, 939 \ Andri, Compt rend 
1923, 181. 1089 (extracted oils) ; Rock. l’J>. 
Dept. Apne. Rull Xo. 10^7, 1922 , Marcan, 
J S C.I. 1920, 45, 30 jT ; Peacock and Aiyar, 
Burmese Forest Bull Xo 21. 1930 , reirier, 
J. Pharm. Cliim. 1929, (mu), 10. 124, cifao 
Tlic<i*, JIarsciIle, 1930 (African *p ); Knhlmann. 
Mem. Inst. Oswaldo Cruz (Brazil), 1928, 21, 
3S9 5 M. T. Franjoi'i, Bull Sei. I’liarmacol. 
1933. 42, 2t). 

(It may be noteil. Imneser, that the oil* from 
certain s/ieeies attriluitrd to the above genera 
ns well ns oil* from other genera of Flarourtivcete, 
< g. from Onedha a7iiHO«o Forsk. Gynocnrdin 
odoTaht Brown (Gjnoeardn oil), which have 
occasionally been confu«ed with the tnie 
chaulmoogra, show* no optical aetivit} and 
contain no ejelic acid*, ef. Power, / e. ; rj,inan, 
Repts. Progre*s Appl. Chcip. 1916, 1, 292.) 

In many ca*c* the sceils of the chaulmoogra 
group contain a cjnnogenetic glucoside. 

Chaulmoogra oil, wluch was formerly ofiirinal 
in Ensland, consists almost entirely of the 
gheende* cAaidmooyro-rfi-Aydnoeorpin and hyd- 
nccarpo dici/ii/lmoogriu, in proportions of abrat 


6 ) {ef BSmrr and Engels, E Unters Trfben*ni. 
1929, 67, 113) , a small proportion of another 
glyceride, probably tnpalmitm or stearonalmitin, 
was also isolated Corresponding!), the fatt.v 
acids of chaulmoogra oil consist of about 
55-60% of hydnocarpie acid, nnd about 405o 
of chaulrooogric acid, together vnth a small 
amount of palmitic acid Small amounts of a 
li<imd optical!) active ncid (possibly n lower 
bomologue (C^ !) of hvdnocarpic acid, or s 
more unsaturated c)clic, Cig-ncid such as porlic 
acid (we Mow) have also been found in chaul 
moogra oil itself pnd in other ods of the group 
{ef Perkins and Cniz, I r. 1923 , Wrenshall nml 
Dean. U.S. Pi.bl. Jlealth Service Bull. 1921. 
141.12. AndiMcl. 

TheoccMimtcc ofsmal! amoiinfs of "laraktn. 
genic acid,** C,gHgoOg, *■ Mogadoleic and,” 
and thclirtnnic " parnlinolic and." 
C|,H„0,, reportcfl by Ha«himoto (J Amer. 
Chem. .Sor. 192.5, 47, 2325) requires con/irma 
tion. 

The proportion of hvdnocarpic acid is higher 
m lukrabo oil, which constitutes the Oleum 
Hydnoearpx (“ taifushi oil ”) of the “ Japanese 
Pharmacopeein," and in Hydnocarpus oil (also 
known m India as “kavatel” or " marotti 
oil), which, as the Oleum Ilydnoearpt of the 
1932 “ Bntish Pharmacopoeia ’’ has replaced 
the 01. Chaulmoogrx of the earlier eilitmn. 
(The cold expressed oil is specified hv the 
: *• Rnij«h Phannacopcpifl.’') Dydnocarpu* fnuts 
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arrive on the market in a better condition than 
chaulmoogra fruits, and consequently a better 
quality of oil can be recovered ; the higher pro- 
portion of hydnocarpic acid is also advan- 
tageous, since this acid appears to be slightly 
more active therapeutically than chaulmoogric 
acid. Further, owing to the almost total 
absence of palmitic acid, which distinguishes 
this oil from chaulmoogra oil, hydnocarpus oil 
forms the most convenient material for the 
preparation (in high yield) of pure hydnocarpic 
acid (c/. Perkins, Cruz, and Reyes, i.c. 1927 ; 
Gcorgi, Dept. Agric. S.S. and F.M.S. Sci. Series, 
1932, No. 9; Jinrean, I.c.; Cole and Cardoso, 
J. Amer. Chem. Soc. 1937, 59, 963). 

Perkins was not able to detect any lower 
homologue of hydnocarpic acid in hydnocarpus 
oil, but small quantities of a liquid optically- 
active acid (gorlic acid 1) have been isolated at 
the Imperial Institute (Bull. Imp. Inst. 1936, 
34, 145 ; Nigerian oil) and by Cole (Philippine 
J. Sci. 1929, 40, 499) ; the latter also reports 
the presence of about 1% of laurio (?) acid. 

Hydnocarpus oil, like chaulmoogra oil, has 
usually been described {cf. Brit. Phann. 1932) 
as almost wholly soluble in hot 90% alcohol, 
and partially soluble in the cold ; it seems 
jiossible, however, that this only applies to oils 
containing a considerable proportion of free 
fatty acids (as is the case with crude com- 
mercial oils) since a sample of almost neutral 
hydnocarpus oil (acid value 1-2) examined at the 
Imperial Institute (i.c.) did not exhibit this 
property, although it was normal in all other 
respects. In 1911 a certain amount of marotti oil 
found its way into Germany under the misnomer 
of “ cardamom oil,” and, its toxic properties 
being apparently overlooked, was used in 
margarine with aisastrous results (c/. Reinsch, 
Chera.-Ztg. 1911, 35, 77). 

The oil from the seeds of the Philippine 
Hydnocarpus alcalac Dc Candolle (“ dudn- 
dudu ”), which contains much chaulmoogric 
acid (c. 90% of the total acids), but very little 
hydnocarpic acid (c/. Brill, J. Philippine Sci. 
1917, 12, A, 37 ; Santos and West, ibid. 1929, 
40, 485), and the Brazilian carpotroche oil 
from Carpotroche brasiliensis Endl., which con- 
tains both hydnocarpic and chaulinoogrio acids 
{cf. Rothe and Surerus, Rev. brasil. Chim. 1931, 
2, 358 ; D. da Silva, Rev. brasil. Jlcd. Pharra. 
1920, 2, 027 ; Jamieson, Drug Markets, 1931, 
29, 350), are used locally in the treatment of 
leprosy. In Africa, gorli (gorley) seed oil 
(from Caloncoba echinala Oliv. Gi\g.—Oncoba 
ech inala Oliv.) is used ; this oil contains about 
80% of chaulmoogric acid, palmitic acid, and 
also a more unsaturated acid of the cyclic series, 
gorlic acid, (cf. Goulding and 

-Ackers, J.C.S. 1913, 103, 347) ; Andre and 
Jouatte, Bull. Soc. chim. 1928, (iv), 43, 347,- 
Paget, J.C.S. 1937, 955). The oils of //. alcalae 
and 0. echinala are convenient materials for the 
preparation of pure chaulmoogric acid (Cole and 
Cardoso, I.c.). 

In the Belgian Congo, representatives of the 
chaulmoogra group E. dc Wildeman, Bull. 
Inst. Roy. Col. Beige, 1930, I, (1), 94), include 
Caloncoba Wchcilschii Oliv. Gilg. It is in- 
teresting to note that although the oil from the 
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seeds is rich in cyclic acids (cf. Peirier, I.c.), 
the fat obtained from the fruit-pulp which 
surrounds the seeds is optically inactive, and 
consists apparently of glycerides of stearic, 
palmitic, and oleic acids (Adriaens, BuU. Inst. 
Roy. Col. Beige, 1932, HI, (2), 373, 389). 

E. L, 

CHAULMOOGRIC ACID, CijHgjOj. 
An unsaturated acid found by Power and 
Gomall among the fatty acids contained in 
chaulmoogra oil from Taraklogenos Kurzii 
King. Optically active [ajp -f 56° ; m.p. 68°; 
b.p. 247°-248°(corr.)/20 mm. Easily soluble 
in chloroform and ether. _ Forms readily 
crystallisable salts with metallic bases, and esters 
with aliphatic radicals (J.C.S. 1904, 85, 838, 851). 

CHAVICIN, a resin occurring in popper. 

CHAY-AVER v. Chayeoot. 

CHAY ROOT. Chay root or Chay-aver 
(from c/jaf/a=which fixes colour, and rer= 
root), also called Indian madder, is the root 
of Oldenlandia nmbcllata Linn. (Fam. Rubiace®), 
a small bush or herb found on sandy soils chiefly 
near the sea-coast. The plant occurs in North 
Burma and Ceylon, but is most abundant in 
certain tracts of the Madras Presidency, from 
Orissa southwards. It is or was extensively 
cultivated on the Malabar and Coromandel 
coasts, especially the latter, and employed in 
dyeing a colour analogous to Turkey-red, The 
roots are usually about 10-12 ins. long and i in. 
thick, somewhat straight and stiff, tough and 
wiry, and with few or no lateral fibres. When 
freshly gathered they have an orange colour, but 
when dried and kept they assume a yellowish- 
grey hue. The colouring principles seem to reside 
chiefly, if not entirely, in the bark of the root. 

A short account of the history of chay root 
and its application to the fibres is given in the 
papers of Hummel and Perkin (J.C.S. 1893, 63, 
1160; J.S.C.I. 1894, 13, 346). 

Chay root resembles madder in that both 
contain ruberythric acid, alizarin, rubichloric 
acid, and cane sugar ; on the other hand, pur- 
purin, purpurin- and purpuroxanthin-carboxy- 
lio acids, which are present in madder, are 
entirely absent in chay root. Again, whereas 
only traces of yellow crystalline substances are 
found in madder, chay root contains con- 
siderable quantities of yellow crystalline com- 
pounds which are quite distinct from those 
present in madder. 

The phenolic constituents of chay root have 
been studied" by the sulphurous acid extraction 
method, and also by a subsequent exhaustion 
of the residual root with boiling lime water 
(Hummel and Perkin, I.c . ; J.C.S. 1895, 67, 817 ; 
Perkin, ibid. 1907, 91, 2066). There was thus 
obtained, in addition to chlororubine and . 
alizarin, a mixture of non-tinctorial yellow sub- 
stances "which are present (probably as gluco- 
sides) in" eomparativel}’ large amount (1%). 
These consist principally, if not entirely, of the 
following substances : 

Alizarin a-melhyl ether. 


OMe 
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long orange-yellow needles, m p. 17S*-179®, 
is readily converted into alizarin, for prolonged 
digestion with boiling baryta water is snfBeient 
to hydrolyse the methosyl group. Thia pro- 
perty of the a-methoxyl group probably acraonta 
for the &ilure to obtain this compound, or the 
dimethyl ether, by digestion of alizann with 
methyl iodide and alkali. The a^mtheais of 
alizann a-methyl ether was effected (Oeseh and 
Perkin, Chem. Soc. Proc. 1914, 30, 213) by the 
action of diazomethane on ^-acetylalizann, 
whereby a mixture of ^-acetylalizann a methyl 
ether and a acetylalizann ^-methyl ether was 
produced, migration of the acetyl group having 
occurred during methylation. From the pro- 
duct, after de-acetylation, alizann methyl 
ether was precipitated from an alcohobc solution 
as the potassium salt by meaus of potassium 
hydroxide, the a-methyl ether remaining in 
solution. Autylah 2 ann a-mtfhyl tlhtr forms 
yellow needles, m p. 2l2“i 

AnOiragallol 1 2-dimtlhyl etktr (I), yellow 
needles, m.p. and 1 1- 

dtmethyl tlhtr (II), yellow needles, m p 218®- 

220 ®. 

JoH 


OMe 




II. 

The former u distinguished from the latter in 
that it forma a red ammonium salt soluble in 
cold alcohol, whereas the ammonium salt of the 
l;3-dimetfayl ether cryatalLses in scarlet pnsms 
which are sparingly soluble in cold alcohol. Both 
ethers are readily converted by methyl sulphate 
into the tnmethyl ether, and when heated with 
10% potassium hydroxide solution at 180® for 
5 hours, the 1.2 dimethyl ether is partially con- 
verted into methoxypurpuroxanthm (111), and 
the l:3-dimetbyl ether mto metbozyaluariD 

OH 



IV. 


The constitutions (I and II) assigned to these 
anthragallol dimethyl ethers by Perkin and 
Hummel (1 c.) hare Imn confirm^ by synthesis 
(Perkin and Story, J.C.S. 1929, 1399). Partial 
acetylation of anthragallol 2-methyI ether 


yields S-acetylanthragallol 2 methyl ether whidi, 
by the action of diazomethane, is converted 
into a mixture of anthragallol tnmethyl ether 
and 3-acetylanthragalloI 1:2 dimethyl ether 
The latter, when hydrolysed, gives anthragsDol 
1 2-dimethyl ether identical with the natun] 
product. The liS-dimethyl ether isobtamedby 
partial benzoylation of anthragallol 3 methjl 
ether and treatment of the resulting 2 benzovl. 
anthragallol 3-methyI ether with diazomethwe, 
which gives not only 2-benzoylanthrag»llol 
I 3 dimethyl ether (16%), but also 1-benioyl- 
anthragallol 2 3-dimethyl ether (80^o approx ), 
the benzoyl group having thus migrated from 
the 2- to the 1-position. Hydrolysis of the 
former compound givesanthragallol 1 3-dimethyI 
ether identical with that pr«ent in chay root; 

fltfslazarm iloncmelhyl Ether, 

^COy-NoMe 

long orange-yellow needles, m p. 232®, dissolves 
in alkaline solutions with a enmson coloration, 
and its ammomiim and potassium salts, which 
eiystaUise m garnet red needles, are insoluble in 
cold taobutyl alcohol. MTien heated with 
hydrochloric acid at ISO® it is converted into 
hystazann, wJulst methylation with methji 
sulphate affords hyslazar\n dmtlkyl tlhtr, y elJov 
gUstenmg needles, meltmg at S33®-236®, 

P UydroxyanJhraqmrtone, pale yellow needles, 
_i p. 302®. This IS identical witn the synthetic 
pr^nct prepared anthnqumone ^ sul 

phonic acid by digestion with alksli, 

Pyting Properties.— ^ay root containi acid 
principles wluch tend to dissolve the mordants, 
and It is thus necessary to add 2% of chalk to 
th« dyebath and to raise the temperstate 
gradually to the boiling point. 

Pyemg experiments on caboo, stripe printed 
with aluminium and iron mordants, have shown 
that the dyeing power of chay root is equivalent 
to the presence of 0 33-0-35% ahxarm. The 
reds, pinks, and chocolates have a distinctlr 
bluer shade than those given by madder, and the 
lilacs are much fuller and bnghtcr and very 
eicDilar to those obtained from alizann. On 
oil-prepared cabco, mordanted with alumina, 
chay root gives an excellent blue shade of 
Turkey.red, whilst brown, red, orange and 
purple colours are obtained on wool or silk 
mordanted with chromium, alumiruum, tin or 
iron respectively. 

Boiled with dilute sulphuric acid, chay root 
yields a “ gsrsneine ” of a very dark grew 
colour and possessing about three timet the 
dyeing power of the original root. 

A. G. P. and E. J. C. 

CHAYOTE. The fruit of tiuU 

Swartz (or Chayola tdulis Jacq.) a member ol 
the gourd family. The chayote is a native 
of Central and Southern Amenca, and is culti- 
vated in many tropical and aub tropical aresi. 
The Urge pear-shaped smgle se^ed fnut, 
wbich may weigh from 0 4-2 5 kg , is a valuable 
starchy food snd the young leaves, tips ano 
shoots also aerie as green vegetables. Awrd- 
ing to \'alenzucla and Waster (Phibppme J. 
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1930, 41, 85) the. composition of the chayote is : 
HjO 03-3, protein 0-64, fat -024, N-free extract 
5-25, fibre 0-4, ash 0-23%. The nitrogen bases 
include arginine and guanidine Tvith small 
proportions of adenine and choline. A. G. Po. 

CHEDDITES. These chlorate explosives 
vere patented by Street (B.P. 9970) in 1897, 
the name being derived from Chedde, the town 
in Franco where they were first prepared. 

CojiPOSiTiON. — A number of varieties have 
been manufactured, but essentially they consist 
of a chlorate, usually the potassium salt, a 
fatty oil such as castor oil, together with one 
or more nitro aromatic compounds such as 
mononitronaphthalene, dinitrobenzene, dinitro- 
toluene, etc. 

The early attempts to substitute the cheaper 
sodium chlorate for the potassium salts were 
not very successful as the mixtures were found 
to be too insensitive to detonation, even when 
moderately compressed. It was found, how- 
ever, that a sodium chlorate mixture containing 
10% of dinitrotoluene and no other nitro body 
formed an explosive which was more powerful 
than the older types and it could be fired at 
densities up to l-Ou. 

The compositon of some of the more important 
cheddites is given in the following table : 


Type. 

Potassium chlorate . 

01 

Type 

41. 

Of 

/o 

. 80 

01 
Type 
00 bis. 

% 

80 

02 

Type 

00 

bisM. 

% 

70 

1 

O 1 

Sodium chlorate . . 

, — 

— 

— 

70 

Castor oil ... . 

. 8 

5 

5 

5 

Mononitronaphthalene . 

12 

13 

1 

— 

Dinitrotoluene . . 

. — 

2 

15 

10 

Tho French cheddites 

are coloured 

with 


dillcrent oil-soluble dyes in order that the 
various types can bo easily distinguished from 
one another by visual examination alone. 

Gelatinised cheddites containing nitrocellulose 
have also been manufactured, the following 
being a typical composition : sodium chlorate 
75%, dinitrotoluene (liquid) 23-7o%, nitro- 
cellulose 1-25%. A further variety contains 
nitroglycerin in addition to nitrocellulose, the 
composition being : sodium chlorate 70%, 
dinitrotoluene (liquid) 23'5%, nitrocellulose 
1'5%, and nitroglycerin 5%. 

JIaxufacti’bb {non-gelalinised type ). — The 
nitro compounds are dissolved in the castor oil 
by heating the mixture in a steam-jacketed 
enamelled iron pan at a temperature of 70°-80°C. 
When the mass is homogeneous it is allowed to 
cool to 55°C., when the warm, dry, and finely 
[lowdcred chlorate is mixed in by means of a 
wooden spatula, care being taken to ensure that 
each particle of chlorate is coated with the 
oily mixture. The mass is poured on to a 
wooden bench, allowed to cool to about 30‘’-35°C., 
and then crushed by means of a wooden roller. 
After sifting to remove fine particles, the 
explosive is made into cartridges by pressing 
into wooden moulds froni which it is transferred 
to paper case.s. The cartridges containind 
sodium chlorate cheddites should be dipped 
in molten paraffin wa.x in order to prevent the 
adsorption of moisture. 

Gclatinhcd Cheddites . — In the manufacture 
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of this type of the explosive, the nitrobodies 
are mixed with the nitrocellulose and nitro- 
glycerin and gelatinised at a temperature of 
about dO^C., the chlorate being incorporated 
afterwards. This form of cheddite is made 
into cartridges by a machine similar to that 
used for ordinary gelatinised explosives. 

Pboferties. — The non-gelatinised cheddites 
are in the form of soft white or yellowish 
grains unless they have been artificially coloured. 
They are readily compressible and in order to 
obtain the full e.xplosive power it is necessary to 
carefully control the density. If the density is 
low, the maximum power is not developed, 
whereas very high compression leads to difficulty 
in detonation. The non-gelatinised cheddites 
are relatively insensitive to shock and friction 
at ordinary temperatures and bum more or less 
1 rapidly without any tendency to explode, even 
I when fired in large masses. Heating at i20°C. 
for an appreciable period causes no decomposi- 
tion, but at 200°C. the oil decomposes, the nitro- 
compounds volatilise, and the explosive darkens. 
Small quantities when heated deflagrate at 
about 250°-260°C. 

According to Will (Z. ges Schiess- u. Spreng- 
stoffw. 19oC 1. 209), a 2 kg. weight falling 32 cm. 
causes explosion of cheddite 60, whereas for 
cheddite 41, a fall of 36 cm. is required. 

The velocity of detonation increases with the 
density up to a certain point, but beyond that 
diminishes rapidly. According to Dautriche, 
cheddite 60 bis 01 in cartridges having a dia- 
meter of 40 mm. and a density of 0'7 gave a 
velocity of 2,283 m. per sec., whereas at a density 
of 1*17. tho velocity was 2,901 m. per sec. At a 
density of 1'4 the velocity was reduced to 
2,451 m. per sec., and at l-S the explosive 
failed to detonate. 

Explosive Power. — When detonated in the 
Trauzl block, cheddites give expansions varying 
from about 250 to 400 ml., depending upon the 
variety of the explosive used. Owing to the 
relatively low rate of detonation their violence 
as measured by the copper cylinder crushing 
test is less than half that shown by blasting 
gelatine under the same conditions. 

According to Brevetta (Z. ges Schiess- u. 
SprengstofFw. 1900, 1, 125), types No. 60 and 
60 bis have an explosive power of at least double 
that of black powder and equal to Dynamite 
No. 1 H. S. 

CHEESA STICKS. Lengths of cordite 
coated with ammonium oxalate and shellac. 
They are used in South Africa as fuzes for 
blasting charges. H. S. 

CHEESE. A solid preparation of the chief 
constituents of milk, consisting mainly of 
coagulated casein [g.v.), fat, water, and some 
mineral matter. 

Tho modified protein thrown out of milk by 
the action of rennet is designated “ paracasein,” 
a substance which produces an insoluble com- 
pound with calcium (Associates of L. A. Rogers, 
'• Fundamentals of Dairy Science,” 1928, 
p. 202 ct scg.). 

Cheese is, however, a very different product 
from the “ curd,” which is only the first step 
in its production. The proteolytic enzymes of 
; the rennet continue to act in the curd ; bacteria 
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present in the original milk and added in the Ig. for the test, a table for calculation publuhefl 
form of “ Starter ” contribute to the ^tronr of m B S.S. 1936, No. 696, Part 2, p 27 is require! 
the cheese. l^Xoisture controlled by cutting, jn this rase. 

draining, milling, and pressing the curd and by For the more eTact chemical analysis of the 
tlie temperature and acidity at vhlch these percentage of fat in cheese, 3 g. of cheese u 
operations are conducted determines “ body” heated with 10 ml. of hvdrochloric acid (sper 
and “ texture " of the final product (J. G. Daais, 1*125). after the curd is dissolved 10 ml of 
J.S C.I. 1935. 54, 27. 631). alcohol (96%), 25 ml. ethvLether, and 25 ml 

Cheese may be made from the milk of vanous light petroleum (bp. 40°-60®C.) are added, 
animals, but cow’s milk as a rule provides the shakmg m a stoppered tube after each addition, 
raw material. It is either used in ita natnral After standing for 2 hours, or spinning m a 
condition or may be pasteurised or separated, centrifugal machmc, the ethereal solution of 
cheese being sometimes made from cream (cream fat is transferred to a weighed flask and after 
cheese), and also from skimmed or partly two further successive extractions uith the two 
separated milk. The use of rennet is sometimes mixed solvents the solvents are evaporated ind 
omitted in the case of “ cream “and" cottage ” the fat dried at 102®C. 
cheese. The moisture is determined on 3 g. or sltet 

Coloured cheeses, e g. Leicester and Dutch, natively 5 g. of cheese, weighed into a flat dish, 
owe their colour to annato, added to the milk and mixed and spread with the flattened end of 
some 10 mmutes before renneting a glass rod which should bo weighed with the 

DiTerent varieties ofeheese owe their peculian. dish; after preliminary drying in air or in cacao, 
ties to differences in the technique of mann drying is finished till constant in an oven at 
facturo developed in locahtics from which their 100®-105®C 

names arc derived, though it is probable that a Tbe salt may bo determined in 2 g of the 
process of selection has resulted ui the choice of original cbeeso weighed into a conical flask, 
a method of manufacture best suited to typo of and taken up with 10 ml. of distilled water; 
milk, flora (bactenal and plant), soil, and 25 ml. of 0 05N*silver nitrate is added and after 
atmoaphenc conditions of the loeahty. In so warming and mixing with 10 ml cone, njtrie 
far as these conditions are understood geo* acid, the heatmg is continued until the curd u 
graphical limitations to tbe manufacture of digested ; 2 ml. of a saturated solution of iron 
cheese vatush. alum in 10% nitric acid is added and the 

Cheddar, Cheshire, Derby, and Leicester are volume made up to 100 ml. The excess silver 
hard pressed cheeses i the pressure on the cheese nitrate is titrated with 005A'*potas8ium thio 
m the mould IS regulated m the cheese press and cyanate ontil an orange tint Jpersists for 15 
mayfinaUyexccea2tonspercheese Intbecase seconds. Standardised by the volhard method 
ofStilton.ftoquefort, and Gorgonzola the pressure against sodium chloride of known strength, Ini 
in the mould is greatly reduced or omitted. 0 05N4hiocyanate=0 00292 g. sodium ehlonde 
About half the constituents of the milk The titratable acidity calculated as lactic 
appear in the cheese, the remainder is run off acid per 100 g of cheese is determined on S g 
in the liquid "uhey” which contains the ofeheese weighed into a small porcelain mortar 
sugar, albumin, and salts together with a bttic (in the case of hard cheese), or a 250 ml corneal 
fat, Tbe value of this by product is now bomg flask in tbe case of soft cheese), ground into s 
realised since improved and more economical fine paste with 10 ml water diluted and titrated 
methods of driving off tho w.ifer have been with £)JN%eodium bydro.Tide using pheno) 
m\ ented. phthalem as an indicator. 

The increase in the coagulation time with Tho total nitrogen may be detcriamed by the 
rennin observed m "flash” pasteurised milk K)eldahl method, but this figure x6 39 only 
IS assoeuitcd with a decrease in the whey nitro- gives a rough indication of the onginai profcini 
gen (Sloir, J. Dairy Res 1930, 2, 6S, 1931.3, 80) in the unripened cheese as the protein is broken 
Tho use of pastcunsed milk for cheese making down during npemng with loss of nitrogen, 
is gaming ground. Hydrochloric acid is come- J. G 

times used to accelerate coagulation. m 

Slethods for the samphng and analysis of SIicrobiology or Cheese. 

cheeso have been drawn up (Int Rev, Agric Tbe role of micro organisms in cheese ripcninj 
1931, 25, 3, 111). Samples are taken with a u complex and still imperfectly understood 
ebeese borer of a sufficient length to take cores There w, however, a well defined difference 
from the flat end of a cheese at least half way between tho mould ripened and tho “ hard " 
through. Alternatively wedge shaped shoes (Cheddar) type of cheese, 
may lie cut ; 1 to 2 cm. of the nnd is removed The progress of events in the latter is briefly 
and a representative sample of at least 40 g is as follows . Tho common organisms of ordinary 
enclosed in a sealed vessel and examined without milk, including the ubiquitous coliform typei 
delay. together with certain streptococci, attack the 

Samples may be tested for fat by the Gerber proteins to a slight extent and provide s 
method, a special butyrometer being used for auitablo nitrogenous substrate for the lactic 
the determination, the basis ofgraduation isthat acid bacteria which are added in the form of 
1*350 ml. correspond to fat, 3 g of cheese “starter." The starter contains streptocoefl 
shavings being weighed into a special weighing of tho Sir. laclts or Sir. CTemona types, and 
funnel for the teat (British Standards Specifica* many also contain Sir. paractoiarous. Startm 
tionl93C,No. 696, Tartl. p. 23). A Gerber milk may be pure cultures or mixed oiiltures of pur* 
butyrometer miy be used instead, taUr^abemt strains. These organisms rapid/y pcahfcTste m 
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milk and their first function is to develop that 
acidity which is most favourable to rennet 
action. During their rapid growth the so-called 

snisccllancous flora ” is suppressed although 
as a rule by no moans destroyed. After 
coagulation by rennet and the cutting of the 
curd, acidity continues to increase during piling 
or “ cheddaring ” until the p,, of the curd 
reaches about 4-8. The addition of salt imposes 
a temporary check to growth of the streptococci, 
but within about 2 days most of the lactose 
remaining in the curd is fermented. No lactose 
can bo detected after 7 days. The acid con- 
dition of the “ green ” cheese prevents the 
growth of organisms which may break down the 
proteins with the formation of unpleasant 
compounds. The streptococci are replaced 
after about 14-30 days by lactobacilh. In 
Cheddar cheese these are of the Lactobacillus 
case! and Laclobacillus planlarum types. These 
organisms are characterised by their ability 
to grow under acid conditions and are good 
examples of tlie so-called “ aciduric ” organisms. 
It appears that the lactobacilh are responsible 
for the production of flavour in cheese, since if 
protein-splitting enzymes are allowed to act on 
milk solids in the presence of chloroform no 
llavour is produced although scission to lower 
compounds is well marked. While a certain 
amount of protein breakdown is accomplished 
by tlio lactic acid flora, tiiis action is mainly 
due to rennet, enzyrae.s. The flavour appears 
to be duo to the formation of volatile acids and 
their esters and other derivatives. 

Although the flora of the English hard pressed 
cliccso is mainly Sir. laclis, Str. cremoris, 
Lactobacillus casci, and Lactobacillus planlarum, 
other typos are present. Tims a variety of 
micrococci which are aciduric may usually be 
found in some numbers and it is j)ossible that 
they contribute to the ripening j)roces3. Sir. 
lifjuejaciens, a jnoteolytic type of acid-forming 
organism, may usually be recovered from ripening 
cheese. 

In cheese which has been incorrectly made 
and in which insiitlicicnt acid has been allowed 
to develop during making, as, for e.xamplc, 
when the starter fails, putrefactive anaerobic 
organisms derived from dirt or from unsuitable 
rennet may proliferate and produce vilc- 
smclling compounds rendering the cheese quite 
unfit for consumption. The pn of such cheese 
is invariably much higher than that of tho 
normal (Pii=5'4) ripe Cheddar cheese. 

Other faults may be due to tho growth of 
coliform organisms which produce gas and 
unpalatable products of fermentation. One 
lactic acid organism, Lactobacillus rudensis, pro- 
duces a brick red pigment avithin the cheese. 

Tlio mould-ripened cheeses (Stilton) owe their 
special characters to a combination of bacterial 
and mmild ripening. In the early stages much 
the same processes as in hard cheese occur. 
The lactose of the milk and of tho curd after 
coagtilation is fermented by streptococci. 
.Since more moisture is retained in tho Stilton 
cuixl the process of acid formation continues 
after the eunl is put into moulds. After some two 
months of ripening, first by streptococci, then 
by laclobacilli, moulds make their appearance 


within the cheese. Their growth is made 
possible by the opening up of cracks, because of 
the loss of moisture b3^ evaporation and also 
because of the looser texture of the eurd (little 
or no pressure is used in manufacture). These 
moulds of the Penicilliuin roquefortii type which 
will grow in low tensions of ox3'gen, cause 
profound breakdown of the partially ripened 
curd with the production of quantities of 
ammonia, remove the volatile fatty acids 
produced earlier and replace them by volatile 
acids higher in the series. Considerable quan- 
tities of capi;ic and caprylic acids, to which the 
flavour is ascribed, make their appearance. 

A. T. R. M. 

CHElRANTHINu. Cheiranthus Cheiri L. 

CHEIRANTHUS CHEIRI L., the wall- 
flower, contains in its seeds l-6-l'7% of a 
neutral substance cheirolin, 

CHa-SOyCHyCHjCHyNCS ; 

this forms colourless prisms, m.p. 47°-48'’C., 
and has been synthesised by Schneider (Annalen, 
1910, 375, 207). It is unique as a naturally 
occurring sulphone and is evidentl3' derived 
from the amino-acid methionine, 

CH3SCH2CH2CH(NH2)C00H, 

present in many proteins (c/. Barger and Coyne, 
Biocheni. J. 1928, 22, 1417). Cheirolin is present 
as a sinigrin-like glucoside, whicli is hydrolysed 
by myrosin from white mustard seeds. Wall- 
flower seeds contain an enzyme capable of 
liberating mustard oil from (myrosin-free) black 
mustard seeds (Schneider and Lohmann, Ber. 
1912, 45, 2954). Cheirolin has been stated to 
be antipyretic (Wagner, Chem.-Ztg. 1008, 32, 
76) and to be not identical with clieirinine, 
Cj8*^3sOi?^3 {•)’ substance isolated from 
wall-flower leaves by Reeb (Arch, exp. Path. 
Pharm. 1898, 41, 302 ; 1899, 43, 130) and some- 
what resembling quinine in pharmacological 
action. Reeb also obtained a S-free glucoside, 
cheiranlhin, which according to Jnretzk3' and 
Wilckc (Arch. Pharm. 1932, 270, 81) has a 
minimal lethal dose of 2'2xl0~’ g. per g. of 
frog, and is more active than the digitalis 
glucosides ; it is irrescnt in the seeds and to a 
less extent in tho leaves. Cheirolin and cheir- 
anthin also occur in the seeds and leaves of tho 
related genus Erysimum. G. B. 

CH El R I N I N E ?•. CHEIRANTHUS Cheiri L. 

CHEIROLIN V . Cheihanthus Cheiri L. 

CHELERYTHRINE v. Cheeidokiuh 
Majus, Alkaloids of. 

CHELIDONINE v. Chelidonium Majus, 
Alkaloids of. 

CHELIDONIUM MAJUS, ALKA- 
LOIDS OF. Eleven alkaloids have been 
isolated from C. majus; the six important bases 
may be separated into three groups, of which 
each second member differs from the first by 
having two methoxyl instead of one mcth3’lcne- 
diox3'-group, viz. : 

chelidoninc homochelidonine, 
sanguinarine -v cheler3-thrine, 
protopine ->- a and P-allocr3'ptopino. 

Further alkaloids isolated from commercial resi- 
dues were o.\-3'ehclidonine, methox3'chelidouiiic. 
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a base and sparteine Most 

of the cbelidonium alkaloids do not only 
occur in C. inajus but are somewhat widely 
distributed m the Fam. Papaveraeese, such as: 

Sanguinaria eanadentis (blood-root), con* 
taming chelerjthnne, a allo-cryptopine, ^ allo- 
crj ptopine, sanguinarinc. 

Glaueium luteum : chelei^-thtine, sangoinaiine 
(uncertain), and protopine. 

Eschicholiia utUfornieai chelerjthnne and 
aanguioanne (uncertain). 

Doeconia cordala: chelerj’thnne, a* and 
allo-cryptopinc, sanguinannc (uncertain), and 
protopine. 

Stylophorum dipAyllum: chelidonine, san- 
gumarme. 

Adlumtaeirrhoaas allo-crypttfpme. 

Zanlhoxylum brachyaeanihum (Fam. Rutacese). 
P allo-cryptopme, a and p alio cryptopine. 

Prtparalion oj the .-lilaloids —-The dried roots 
are exhausted with EtOH containing acetic 
acid. The residue after distilling off E10H u 
basified with NH, and extracted with CHCI, 
The residue after evaporatmg the eolrent is 
treated with cold dilute alcoholic HCI. when 
protopine and chelidonine hydrochlorides remain 
undissolved. Excess of ammonia is added to the 
filtrate when cbelerj thrme and homocbelidoniQe 
are precipitated; a alio cryptopine may be 
obtained by extracting the mother liquor with 
CHCI,. 

The starting material for the mrestigation of 
the cbelidonium bases was usually crude 
commercial residues devoid of chehdomne. The 
tepantton and purification of most of these 
alkaloids is diflicult, Gadamer and Sticbel 
(Arch Fharm ldJ4, 292, 483) separate the 
quaternary bases sangumarme and chclerytbnne 
from other alkaloids through the pseudo 
cyanides (r/. Karrcr, Ber 1917, 50. 212) 
Chelerythnne ond sangumarme may 
separated through the tartrates (Gadamer and 
Sticbcl, / c ) or by fractionating the two pseudo 
cyanides with acetone (Spath and Kuffner. Ber. 
I'J3I, 64, 1123) Another interesting way for 
p.vfpsrjfMB sif JJkic? JIc.iyuv.iW'.w 

canadensis was reported by Bauer and Dedmgcr 
(Arch I’harni. 1920, 258, 168) The yield of 
total crude alkaloids in the latter case was. 
0 C6, 0 77, 1 G2, and 1 74% rcspcetivcly, 

Chelidonine (I), C,oH„0,N.H,0. (0% 
+ 115 4* (in EtOH), m p. 13o*-136® (anhydrous), 
crystallises m monoclinic tablets and distils as 
colourless oil at 220®/0 002 mm. It is best 
freed from protcpine (i supra) by purification 
with Et)0, in which (I) is less soluble; the 
free base may be reirystalhsed from acetic 
acid, EtOH, or from EtOH-CHClj (I) is 
rcadih soluble in EtOH or Et«0, insoluble in 
H,0.’ B HCI. B HNO,,andB Hlarccoloor- 
lo«s ond crystalline, the nitrate is spanngly 
soluble in H,0, more soluble in EtOH. 
For absorption spcitnim of (I), see Bnutier 
(1Q30. A, t2C). 

(I) contains a secondary alcoholic OH- 
group; viono^celyl {1), [a]„ -rllO®, rip, 105®- 
lGS°{a p lh4°-186 .c/^GadamerandWinterfLld, 
Arch, rbann. 1024, 262, 470) is obtamed by 


treating (1) with cold acetic anhydride; h 
crystallises from MeOH. E-aetlyl^anh^n. 
(I), optieallv inactive, m p 152® (from CHCU 
EtOH) by treating (1) with hot acetic anhydn^ 
and Na-acetale (Gadamer and Dieterle, ilu! 
1924. 262, 265). (I)-methine A, [ajj, -2713' 
(m CHCI,). m.p. 145®-146'’ from ether, md 
(I) inethme B, [a]j, —100° (Gadamer, 1924 262. 
237). 

Homochelidonine (II) (called chomocbeli. 
donine m earlier papers), CjjHjjOjN. destro. 
rotatory, m p. 182° (from CH,-CO,Et), readily 
soluble in CHCI,, less so m CHj'COiEt and 
EtOH sparingly soluble in Et,0. It occtm 
m commercial chelidonine residues m an amount 
of about 6% (Selle, Arch. Pharm. 1890, 228,450) 
B HCI, lery soluble m H,0, apparently amor 
phous; B*aunchlonde, crystalline: Bpiatmi 
chloride, amorphous. (II) contains twomethoxyl 
groups, one jnethylenedioxy. and a secondary 
alcoholic OH-group. 

Sanguinarine(llI),C2oHj,0,N OH, colour- 
less, quaternary optically inactive base, crystal 
lismg with 1 mol. of EtOH or H,0, melts 
anhydrous at 242°-243° (decomp ) or at 195°- 
197° (recry staUised from solients containmj 
EtOH). (IID-pseudo-cyanide is a non-bm 
colourless substance, soluble m Et,0, 
crystalbses from CHCI, -EtOH, mp, 238°, 
The hydrochloride may be recovered by boilmj 
the pseudo cyanide with strong HCI. (Ill) 
yields very characteristic copper red esiti 
(III) IS best prepared from commercial “eheli 
donine residues'’ (Gadamer and Stichel, tbii 
1924, 262. 489) or by extraction of Sanjuinans 
canadensis (Schmidt, Koenig and Tietz, (iid 
1893. 231, 245). 

Earlier reports concerning (HI) shculd bs 
read with caution, as apparently the mvestigaton 
often handled a mixture of (III) and ehclery 
thnne For separation, ate Gadamer and 
Stichel (le.), Sp&th and Kufiner (if) 
(III) contains two methylene dioxy groups 
Gadamer and Winterfeld (1 c ) by oxidi-ing 
O acetyl-(I) with mercuric acetate obtained 
(III), which at that time was called pseudo 
chelerythnne (c/ also von Bruchhausen and 
IXn-svnb. Ser JitW) S3. {3i\ 2157J/. 

Chelerythnne (IV). C„H„O,N0H. 
colourless, optically inactiie quaternary base, 
rop. 207° (from EtOH or CH, CO, Et) crystal 
lises with 1 mol of EtOH. (I\) i* readily 
soluble in CHCI, or benzene, less in EtOH, 
Et,0, acetone, or MeOH The olcobolie 
Bolution of pure (IV) is colourless and non- 
fluorescent (IV)-pseudo-eyanide is a non- 
basic substance soluble m Et,0, m.p 260" 
261°. The salts of (IV) are intensely yellow: 
BCi+H,0, citron yellow needles; B. SO,, 
golden yellow needles, sparingly foluole in 
HjO , the platmichloride and aunehlonde ari 
also crystalline 

The best source of (IV) is .Sauyuinana cans 
densis (ef Bauer and Heclingcr. I c.) 
aeparatton of (IV) and (III). «« Spilth and 
Kulfner, (1 c ) There is the same relation 
between (1\ ) and (II) as between (HI) 

(1) byovuhtionofO aectyl (II) with ncrcurir 
acetate (IV) h obtained (Gadamer, .<lrcli I’Lar'” 
1920, 258, ICO) 
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a-oHoCryptopine (V) (called j3-homocheli- 
clonine in earlier papers), CjjHpaO^N, optically 
itiactive, crystallises in monoclinio prisms, m.p. 
159°-! 60° (from CHj-COjEt), sparingly soluble 
in EtOH and benzene, easily soluble in 
CHCI3 . B-HCL+UHjO, needles, easily soluble 
in HjO; B-HNOa+I^HjO, sparingly soluble 
in HjO ; also B-HBr and B-H I are crystalline. 1 
Methiodide, m.p. 185°. | 

The behaviour of (V) is very similar to crypto- 
pine (q.v.) ; Gadamer (Arnh. Pharm. 1920, 
258, 148) by interaction of POCIj and (V) ' 
obtained ise-aHocrj'ptopinechloride identical 
with dihydro-anhydro-berberinemethochloride. 
(V) therefore has a ten-membered ring-system 
like cryptopine with a methylenedioxy-group in 
2-3-po8ition and two methoxyl-groups in position 
9 and 10. 

^-aKoCryptopine (VI) (called y-homocheli- 
donine in earlier papers), m.p. 169°, crystallises 
in large, colourless tablets. It is a physical 
isomeride of (V), crystallises with the latter, and 
can be mechanically separated from the small 
prisms of (V). 

Oxychelidonine (Vll), CjoHi^OaN, [aJu 
-fl02'5°, m.p. above 285°, crystallises from 
CHClj-EtOH in pointed needles. (VII) is a 
non-basio substance probably containing two 
mcthylenedioxy-groups. The constitution is 
still unknown, for further details, see Gadamer 
and Theissen (Arch. Pharm. 1924, 262, 578). 

Methoxychelidonine (VIII), CjjHjiOjN, 
[a]u -f 115° 48', m.p. 221°, colourless prismatic 
crystals from EtOH, sparingly soluble in 
EtjO, easily soluble in EtOH and CHCI3. 
(VIII) contains — NMe, — OMe, and two 
mcthylcnedio.vy-groups. The constitution is 
still unknown. For colour-reactions and further 
details, see Gadamer and V'interfeld (Arch. 
Pharm. 1924, 262, 589). 

Base, CijHjiONj, [alu -40° 42', m.p. 198°- 
199°, colourless needles, easily soluble in EtOH 
and CHCI3, less in EtjO. The alkaloid is 
dibasic, for further details see Gadamer and 
Winterfcld (l.c,, 1924). 

Sparteine has been isolated from commercial 
“ chelidonine residues ’’ (c/. Spath and Kuffner, 
Ber. 1931, 64, [B], 1127). 

Constitution of (I)-(IV). — As a result of a large 
number of investigations, the structures of the 
four alkaloids have recently been established 
(I)-(IV) are derivatives of naplithophenanthri- 
cline, a ring-skeleton not hitherto known in 
alkaloid chemistry. 

F. von Bruchhausen and Bersch (Ber. 1930, 63, 
2520; 1931,64,947) obtained hydrastic acid and 
2(dimetbylaminomcthyl)-3 ; 4 - methylenedio.vy- 
bonzoic acid by oxidation of (I), and from these 
results proposed formula A for (I) and B for (III) 

^Rj-}- Rjond Rj-f- R4=CH2^ ^ . Spathand 

Kulfncr (Ber. 1931, 64, [B], 370) obtained trimcl- 
litic acid (benzcne-l:2:4-tricarboxylic acid) bj' 
oxidation of A’-aectyl-anhydrochclidonine with 
nitric acid, and hydrastic and fsohydrastic acid 
(the latter corresponding to von Bruchhausen’s 
basic degradation products) by o.vidation of (I) 
with permanganate. These authors also obtained 
o-nnphthophenanthridine b3’ zinc-dust distil- 
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lation of (III) and (IV). By oxidation of 
(IV) Spath and Kuflfner {ibid.) 1123 obtained 
m-hemipinic acid and hj’drastic acid, they 
attribute to (TI) formula A and to (IV) formula 

B ^Rjand R2=OMe; Ra-fRi^CHj/^ 

For a further proof of the relationship of (II) 
and (IV), see Spath and Kuffner (Ber. 1931, 64 
2034). 



Rj CH 

B. 


Physiological Action of Chelidonium Alkaloids, 
— (IV) is poisonous, it paralyses the central 
nervous system without any increase in irrita- 
bility, resembles protopine in its muscular 
action, and first irritates and then paralyses the 
sensory nerve terminations (Henry, “ Plant 
Alkaloids,” 2nd ed., p. 253). 

(I) and (II) are only slightly toxic, (I) resembles 
papaverine in its action and could be used 
as an untispasmodic. The pharmacological 
action of (I) was studied in greater detail by 
Hanzlik (Zentr. Phvsiol. 1914, 28, 551 ; J. 
Pharm. E.xp. Ther. 1915, 7, 99 ; J. Amer. Med. 
Assoc. 1920, 75, 1324; J. Pharm. Exp. Ther. 
1921, 18, 63 ; 1928, 33, 387). 

None of the chelidonium alkaloids are used as 
such in medicine ; tincture of sanguinaria is no 
longer included in the “ United States Pharma- 
copoeia.” Schl. 

“ CHELLAK ” r>. Chellolglycoside. 

CHELLOL V. Chellololycoside. 

CHELLOLGLYCOSIDE, 

Ci9H2()Oj|)2Aq., 

m.p. 175°, [a]n —31-9°, is present in the seeds 
of Arnmi Visnaga, an umbelliferous plant 
common in the Nile Delta and termed “ chellak ” 
by the natives (Fantl and Salem, Biochem. Z. 
1930, 226, 166). 

Acid hydrol3’sis ydelds glucose and an aglucone, 
chelloi, CjjHjjOj. Alkaline h3'drolysis yields 
d-glucosido-gl3’collic acid (Fischer andllolferich, 
Annalen, 1911,383. 83) and a product, CjiHioO^, 
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which contains an ap>rone ring. The gljco- 
sjde is proMsionally formulated as 

CH CH 

CsH,0:^ I I 


although the result of the alkaline hjdrolyais 
indicates that glycoUic acid is the middle unit of 
the molecule E. F. A 

CHEMAWLN ITE t. Amber or SrccixiTE. 

CHEMICAL AFFINITY. From thcearlj 
jienod, when the study of chemistry was begin 
lung to de\elop into a science, the causes that 
determine the direction and Telocity of a 
ihemical reaction ha^e always excited interest 
The term cAemical affinity arose from the 
attempt to find some scale by which the 
tendency of compounds to react could be 
measured. Tables were compiled in which 
related substances were arranged in the order 
in which they would replace one another from 
their compounds Bergman in 1775 published 
such a list, which became known as an '* affinity 
tabic," although the same idea had been put 
forward by St F. Geoffrey as early as 1718 
8uch attempts at classiffcation uirariably 
broke dowm when more than a few elements 
were considered Equally unsuccessful was 
the suggestion by Wenzel (17771 fhat the 
.ictual velocity was a measure of affinity. 
Finally Thomson approached the problem 
tn terms of the heat evolved from the reaction, 
which later led to the satisfactory represents 
tion of the energy changes invoUed in terms 
of the Gibbs Helmholtz equation. But neither 
thermodynamics nor the applications of 
modern theoretical physics as yet enable us to 
prophecy the kinetics of a reaction (see "Thermo 
dynamics of Chemical Equilibrium and Re- 
action Rates," M G. Esans and M Poianyi, 
Trans. Farads} &oc 1030, 32, 1333) On the 
other hand, increasingly careful quantitative 
work has been earned out on the influence 
of cuncentration, temperature, pressure, and 
the presence of foreign substances on the course 
and products of reactions The object of this 
article is to give an outline of the methods 
empIo}cdand the results obtained in this study 
Velocity of Chemical Reactions. 

The rate of a chemual change depends on the 
nature of the reactions and the temperature at 
which It IS taking place At a suitable 
temperature, conditions can be found for all 
rcattions in which the v eloiitv can be measured 
in the laboratory. The reaction, proceeding 
in a homogeneous phase, can be represented 
generally os A-}-il-|-etc =C+i)-i-etc Ataum* 
ing that finally A and IS ore completely trans 
formed into U and D, the problem is to 
dttcruiinc the connection between the concen- 
trations of A and IS and the velocity of their 
transformation into JS ond C. 

In a homogeneous system the problem can be 
approached from the mulciular kinetic theory. 


4 and B can only react when their molecules 
come into colbsion and even then only a eerUm 
percentage of those collisions will lead to rom- 
bination. Hence the rate of disappearance of 
A and B will be proportional to the number of 
collisions betw een them, and this is proportiond 
to the product of their concentrations. 

The foregoing argument may be express^l 
mathematically. If a is the concentration of a 
substance A, and b is the concentration of a 
substance B at the beginning of tlie reaction, 
then tlie initial velocity I’, of the change 
IS given by the equation T'g=ljaB, where 1, 
la a proportionality factor, the numerical value 
of which 19 independent of the concentration! 
of the reacting aubstances, and vanes only with 
temperature and other external conditions If 
the reaction is allowed to proceed for an intenal 
of time /, and if x represents the extent to which 
the concentrations of A and B have been 
diminished by the progress of the change, then 
the velocity I't at time t la given by tbo 
equation i'(=f i(a— x){6— i). It is obrioui 
that I'f must be less than I’g, and that the 
Velocity of tlie reaction must dimmish con 
tinuously from the start onwards : Fj therefore 
represents the velocity of the reaction only for 
an infinitely abort space of time. This velociij 
IS defined by the rate at which x is, at that 
moment, increasing with the time, and if, uain; 
the language of the differential calculus, ws 
indicate by dx the extent to which x incrcasei 
m the infinitely abort space of time dl, we may 
wnto Fi»^=ii(o-*)(6-*). 

The applicability of the law of mass adton, 
as expressed in Che foregoing fotmula, is l«sE 
appreciated by referenco to a particular case, 
suih as the inversion of sucrose. Although tliii 
change, which may be represented by the 
equation CitH^iOji+HiO^sSCgHnO,, takn 
placo with appreciable velocity only in the 
presence of a catalytic agent such as hydro 
chloric acid, yet the latter is found uiialiereJ 
wlien the reaction is over, and the inversion of 
aucroac may be regarded as a particular case of 
the reaction A+B=C+D. The fact that th« 
inversion is earned out in aqueous eolation 
permits a aimplification of the formula 

the water taking part m the reaction is a small 
fraction of the total water present, so that t 
may be neglected in comparison with 6, and we 

may write 2 j=it(o— x), where l=k^h. Inte- 
gration of this equation leads to the formula 
i=^-logt ^ m which, as already indicated, 

« 19 the initial concentration of eueroM, and 
o— I IS Its concentration after the inversion ha* 
Proceeded for f units of time. 

Tlie above is the general formula for a reaction 
where one molecular species is changing m con 
centration — .a uninioleeular or first onicr 
reaction. To test tho formula it is only no'*'*- 
“ary to follow the change m concentration oi 
Bucrosc witli time by observing tho change in 
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the angle of rotation of polarised light in a 
polarimeter. The test solution must, of course, 
meanwhile be kept at constant temperature by 
a suitable water jacket. 

The angle of rotation is determined at the 
beginning of the change, at subsequent intervals, 
and finally when the change is complete. If we 
indicate by 6g, 6, and 6a. the initial angle of 
rotation, the angle at a time t from the start, 
and the final angle respectively, then Bg—6a ia a 
measure of a, the total sucrose undergoing in- 
version ; and 6~Ba is similarly a measure of 
a—x, the sucrose which has stiU to undergo 

o 6 0 

inversion after time t. Hence = ; and 

a—x B—Ba 

the formula which should represent the course 
of the inversion becomes l;=-loge^— 

t 0 — UQ. 

From the ascertained values of /, B^, 6 and Ba, 
it is easy to discover whether the expression 
on the right-hand side of the equation- is con- 
stant or not. The e.vporimental data recorded 
in the following table show how far in a particular 
case the actual course of sucrose inversion corre- 
sponds -(vith the velocity formula : 

Inversion of Sucrose at 25° by A/2-HC1. 


t 

In minutes. 

B angle of 
rotation. 

1 00- 
7.-=-log,„ 

0 

25-16° 

— 

56 

16-95° 

0-00218 

116 

10-38° 

0-00218 

176 

5-46° 

0-00219 

236 

1-85° 

0-00219 

271 

-3-28° 

0-00221 

indefinite 

-8-38° 

— 


The e.xpression evaluated in the Inst column 

. 1 I Bq- — B a . , j r ^ 1 ^0 — , , 

r Jnstcad of - loge , but, 

obviously, if the value of the former c.vpression is 
constant, the value of the latter must be so.also. 
The figures in the last column are satisfactorily 
constant, and the figure 0-00219 may therefore 
bo taken as the velocity coefficient for the in- 
version of sucrose under the specified conditions, 
viz. at 25° and in presence of A/S-HCl, 

Two characteristics of unimolecular reactions 
which are implicit in the formula deserve em- 
phasis. First, for all unimolecular processes the 
amount of change occurring in a given time is a 
constant fraction of the unchanged material 
still present. This follows from the funda- 
mental equation and is obvious when it is 
dx 

UTitten in the form =kdt. It shows that 

a—x 

the numerical value of h is unaltered whatever 
concentration terms are chosen to represent x ; 
a point where unimolecular changes differ from 
(hose of higher order. The second feature is 
that the amount of material transformed in a 
given time is always the same fraction of the 
substance present at the beginning of the 
period considered, however widely this be varied. 

Innumerable examples of reactions that 
quantitatively follow a unimolecular course arc 
known ; but the majority of them resemble the 
invcrsionofsucrosein thatalthoughthe first order 
equation is followed, more than one molecule 


enters into the change, which is consequently 
only pseudo-monomolecular. Indeed, before 
the decomposition of nitrogen pentoxide was 
studied the radio active transformations vrere 
the only true examples of this type of change. 
The work of Daniels and Johnston (J. Amer. 
Chem. Soc. 1921, 43, 53) on nitrogen pentoxide 
was fundamental ; it showed that the reaction 
was a true homogeneous gas reaction and marked 
the start of a series of researches which have 
built up the modem science of reaction kinetics. 
The decomposition of nitrogen pentoxide takes 
place with a change in the number of molecules : 
2Nj05=2N204-h02. Consequently- it could 
be followed by the pressure differences recorded 
by a thin all-glass manometer of the Bourdon 
gauge type -which also served as the reaction 
vessel. The apparatus was evacuated and filled 
with nitrogen pentoxide vapour to the required 
pressure through a capillary tube, which was 
then sealed off. The progress of the reaction at 
a given temperature was followed and the value 
of the velocity constant evaluated from the usua I 
formula, but representing concentrations in 

terms of pressure pk— - logj ^ where 

Pot Pit and Pa are the pressures at the start, 
alter a time i, and at the end of the reaction 
respectively; k was found to be independent 
of changes in the walls of the vessel and its size, 
and seemed to depend solely on temperature. 
These results have been confirmed and extended 
by a number of -ivorkers (see Hirst, J.C.S. 1925, 
127, 657 ; Hunt and Daniels, J. Amer. Chem. 
Soc. 1925, 47, 1602), who showed that the 
introduction of foreign gases like carbon 
monoxide, chlorine, nitrogen and argon pro- 
duced no change in the value of k. The velocity 
constant was unchanged by intensive drying, or 
when the decomposition took place in solution, 
or by changes of pressure until values of a 
hundredth of a millimetre were reached, al- 
though at still lower pressures k begins to 
decrease ; see Sprenger (Z. physikal. Chem. 
1928, 136, 49) ; Eyring and Daniels (J. Amer. 
Chem, Soc. 1930, 52, 1472) ; and Hodges and 
Linhorst (Proc. Nat. Acad. Sci. 1931, 17, 28) ; 
IJnhorst and Hodges ( J. Amer. Chem. Soc. 1934, 
56, 836). Only a small percentage of the mole- 
cules arc in process of decomposition at any 
one time and some explanation is needed 
why the majority remain unchanged. Arrhenius 
in 1889 suggested that only those molecules 
with an energy content greater than a limiting 
value E would react. This conception of the 
heat of activation also enabled him to explain 
the great influence of temperature on the speed 
of a chemical process. This effect is generally 
measured by the temperature coefficient which is 
the change in the velocity of the reaction for an 
increase of temperature of 10°C. For practically 
all homogeneous reactions its value is between 
2 and 4 ; the vital proces.ses of animal and 
vegetable metabolism having the same tempera- 
ture t-oefficient as the simplest chemical re- 
actions. .Arrhenius deduced the following re- 
hationship : 

rf logs k E 
dl ^Kt- 
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where k is the reaction >elocity ronsUnt, It 
the gas constant, T the absolute temperature. 
E the heat of aetnation. Dy following the 
reaction at different temperatures the beat 
of activation for nitrogen pcntoxide can be 
calculated It was found to be 27,-100 cals per 
mol. both for the decomposition in the gaseous 
state and in solution ; indicating that the 
mechanism is similar in both cases 

Three important theories ha\e been advanced 
to explain the mechanism by which the heat of 
actuation is taken up by the molecule before 
reacting The first of these is the radiation 
theory which was put forward by Pemn in 1919, 
the second the chain theory of Chnstiansen and 
Kramers, and the third the collision theory of 
Lmderoann If the molecules were actuated 
by direct collision the reaction would foUow a 
bimolecular course, consequently Perrtn (Ann. 
Physique, 1919, [is], 11. 1} argued that radiation 
nas the means by which the cnetgy was trans 
ferred. Although attractue, the hypothesis 
was completely discredited when it was shown 
that nitrogen pentoxtde decomposed at the 
same rate when strongly illuminated with nidia. 
tion that would supply the above energy ; also 
that much greater energies could be supplied 
from light of shorter wsve-length without 
producing any effect Similar results have 
oeen obtamed for the decomposition of nitrous 
oxide and of ozone. 

Christiansen and Kramers (Z. physikal Chem 
1023, 104, 4S1] suggested that the heat of 
reaction as well as the original heat of activation 
are transferred from the product of decom 
position to another molecule of the reacting 
sobstance thereby actuating it. If this were 
so reaction chains would be set up which 
would continue until the energy was lost either 
by collision with an inactn e molecule or against 
the walla of the vessel The chain theory has 
had much success in explaining photo chemical 
reactions and certain reactions of other types, 
duf rf dbes no^ aiRmf a saftsActory cxpibnation 
of the decomposition of nitrogen pentoxide. 
If energy is transferred to inert molecules the 
introduction of a foreign gas should decrease the 
rate of reaction and make it approach a second 
order reaction. This has not b»n observed, and 
Tolman (J. Amer. Chem. Soo. 1925, 47, 1524) 
has shown that the homogeneous reaction is 
endothermic, and that the products are there- 
fore unable to pass on sufficient energy to 
activate a single molecule of nitrogen pentoxide. 

Linderoann (Trans. Faraday Soc. 1922, 17. 
598) put forward the basic assumption of the 
collision theory, which states that the reacting 
molecules acquire their energy of activation ty 
collision, but that they do not decompose im- 
mediately. They will consequently tend to 
lose this energy, and, therefore, only a per 
centage of them present at any given moment 
Kill tuccewi in elecomposing. btstistically it 
has been found that no impossible assumptions 
have to be made to explain reactions by this 
mechanism, and many experimental results 


can be explained admirably. If the pressan 
of a gas IS reduced the number of collisions viU 
also fell off until the time between each coDmon 
becomes equal to the time between activation 
and decomposition. At still lower prcssurn 
tlie rate of reaction will depend on the numhej 
of collisions and will decrease w ith the pressure. 
This has been observed in the case of nitrogen 
pentoxide by Spreiiger {Z. physikal. Chem 1928 
136, 49), and E. F. Linhorst and J, H. Hodge* 
(Jc), also by Hinsbejiiood for several other 
homogeneous reactions. Hmshelwood also found 
that the decrease in the rate did not occur if 
a sufficient amount of hydrogen were present. 
A purely chemical reaction la ruled out as there 
IS absolutely no effect at higher pressures, but the 
hydrogen molecule moves at a highspeed, and it 
has five degrees of freedom, which means that it 
hasalargeaipount of energy available for transfer 
It IS consequently able to keep and to mamtaio 
the Maxvsell distribution of energy among the 
molecules of the reacting gas, and hence the 
supply of activ c molecules, which would other- 
wise fall short of the number required to keep 
the reaction proceeehng normally. 

For bimolecular reactions, that u, reactions in 
which two molecules arc concerned, the funda. 
mental velocity equation is i){h-z), 

as indicated in the argument on ummolecuUrre. 
octions Integration of this equation leads to the 

formula If. however, 

(o— ® a(o-*) 

the two reacting substances have the same initial 
concentration, that is, if a^b, the integrated 

formula is ^ 

ta(a-x) 

A typical case of a bimolecular reartion. or 
reaction of the second order, is the laponifi. 
cation of an ester by an alkali. Under suitable 
conditions of temperature and concentration, 
the velocity of saponification is measurable, 
and the progress of the reaction can be deter- 
mined by extracting samples of tho reaction 
mixture from time to time and titrating for free 
alkali. The figures in the following table, 
nfAvrrng- fo fAe swfnjmrfixrfnwr o/ <v‘.V/v’ AV-tate 
by sodium hydroxide at 24-7*, will serve to 
show how far the experimental data are in 
harmony with tjie formula just recorded. The 
reaction mixture in this case was N/40 in relation 
to both ester and alkali, and the figures under 
(«— i) in the table are the v olumes of a standard 
acid solution required to neutralise 10 c e. of 
the Raction mixture : 


((niln) 


(<i— a). 
804 
5 30 
4 58 
3 91 
3 51 
3 12 
2 74 




0129 

0125 

0-132 

0129 

0131 

0129 

0131 


The figure-* in the last column are satisfactorily 
constant, and confirm the application of the U* 
of mass action to a bimolecular reaction 
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The colli-sion theory, indicated in the treatment 
of unimoleeular reactions, can be applied to 
tliose that appear to follow a bimolecular course. 
It suggests that the only difference between the 
two types is the interval of time between activa- 
tion and decomposition. If this is .small com- 
pared with the time between two successive 
collisions the reaction follows the bimolecular 
equation, but if large the .unimoleeular. The 
full treatment of bimolecular reactions lends into 
the discussionof rcac/io?iI-/;)c/iCS, which is beyond 
the scope of the present article (c/. C. N. Hinshcl- 
wood, J.C.S. 1935, 1 1 1 1 ; C. C. Steffens, J. Chem. 
Educ. 1935,12, 115). 

The probability of a simultaneous collision 
between three molecules is relatively small, and 
few c.xamples of reactions of this type are known. 
The best known is the combination of nitric 
o.xidc and oxygen: 2N0-f-02=2N02 (M. 
Bodenstein, Z. physikal. Chem. 1922, 100, 68). 
The heat of activation of this reaction is of the 
order of a few thousand calories and the tem- 
perature coefficient is actually less tlian unity, 
it is difficult to distinguish between a true tri- 
molecular collision and the formation of a 
eomple.x which then reacts with a normal binary’ 
collision (see L. S. Kassel, “ Kinetics of Homo- 
geneous Gas Reactions ” ; H. Gershinowitz and 
H. Eyring, J. Amer. Chem. Soc. 1935, 57,. 98.5). 

Adopting the system previously used we can 
represent a trimolecular reaction as A-hB+C 
(lx 

= D-i-etc.,and we havc.^-^ =A' 3 (a— x)(6— j-)(c— x); 
this gives on integration 


a C 
where 


1 , c l 5 1 c 


a'=(a—b) 
5'=(6-c) 
c'=(c— o). 


If all the reactants have the same initial con- 

(lx 

centration the forms reduce to — x)’ and 


n 

^ 1 2\(a-x)2 a^J 


Jinny reactions are known which are complex 
in character. One of the best known of these 
is the formation of hydrogen bromide from the 
elements. The experimental results obtained 
by Bodenstein and Lind (Z. physikal. Chem. 
1900, 57, 1C8) were represented by 

d[HBr] j, . 


dt 


lOlBPj] 


The reason for this formula was not given until 
1920, when the following scries of reactions was 
disentangled (K. F. Herzfeld, Z. Electroehem. 
1919, 25, 301 : JI. Polaiiyi. ibid. 1920, 26, 49) : 

(1) Br,=2Br 

(2) Br+Hj=HBr-pH 

(3) H+Br3=HBr-i-Br 

(4) H-)-HBr=Hj-}-Br 

(5) Br-i-Br— -Br. 


For a steady condition the concentrations of 
H and Br will be unchanging, and it can then 
be shown that these five processes require an 

expression for j^(HBr) identical with that 

given above. Jiany reactions occur by means 
of such *■ chains ” of atoms or activated mole- 
cules, and under suitable conditions the average 
number of steps may become very large. If 
there is the possibility’ of the chain “ branching ” 
so that one active centre is at some stage con- 
verted into two or more the reaction may become 
infinitely fast and an explosion occurs (see 
N. Semcnoff, “ Chemical Kinetics and Chain 
Reactions,” Clarendon Press, Oxford, 1935). 


Chemical Equilibrium. 

The reactions discussed in the foregoing section 
have all been changes which proceed from left 
to right until at least one of the substances has 
disappeared. There are many reactions, how- 
ever, which do not belong to this type, inasmuch “ 
as tliey come to a stop while all the reacting sub- 
stances are still present in the mixture. Sup- . 
pose, for instance, that the reaction between 
two substances A and B is of this description, 
and that C and D are the products of the 
reaction ; then the change proceeds until a 
state of equilibrium is attained at which all 
four substances are present. It is further found 
that if the products C and D are brought 
together, they react to form the substances A 
and B, while the final state of equilibrium 
reached is the same as in the previous case. 
This is known as a balanced or reversible reaction, 
and in the corresponding equation a double 
arrow is s>ibs*tit\itcd for the usual sign of 
equality’, thus : A+B^C+D. 

The progress of a reversible reaction towards 
its equilibrium position may’ be regarded as the 
resultant of two opposed velocities, one the 
velocity (Vj) with which the substances on the 
left react to form those on the right side of the 
equation, and the other the velocity (r,) with 
which the substances on the right side react to 
from those on the left. Writing the equation 
in its most general form, 

mA + nB+etc.^pC+gD+etc., 

where m, n, p, g, etc., are the number of molecules 
of A, B, C, and D respectively’ that are involved 
in the transformation. Then if a, b, c, and d be 
the concentrations of the I'eact.ants, and the 
law of mass action be applied, we can write 
Vi—k\a”‘b'‘ and v^^k-^ci'd'i, and the observed 
velocity is the tlifferencc between iq and I'j. 

W hen the equilibrium condition is reached the 
forward and the backward reactions will be 
equal, i.e. tq — I’j, and the corresponding con- 
centrations of the materials may’ be written 
Oe> l>ti and df. Then since 


k, af b" 


where Kf. is known as the eguilibrium constant. 
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anil its nuiB^rira] ^nJuc ilefinc^ tbe rrlation^p 
which must exist between the equihbrium con- 
centrations of the substances meoWed in a 
re\ers!ble reaction. When the materials are 
Rases their concentrations may be measured 
by their respectn e partial pressures P«, Pt, Pe, 
and Pd, and the equilibrium constant using these 
units is written Kp. 


P^P % . etc. 


P"P? • etc. 


If (a+(— c— d) is not equal to zero the numerical 
lalues of Ke and Kp will not be identical, but 
will be related by the following expression 
provided that the pressures are so low that the 
gas equation P r=Pr can be applied : 




In discussing the applic.ation of the law of 
mass aition to reversible reaitions with the 
help of the equilibniun formiit.i. we shall deal 
first with cases in which the reaction system is 
liamogeneous As an example, the equilibrium 
between carbon dioxide, hydrogen, carbon 
monoxideand water vapour may be considered ; 
the reaction m question is represented by the 
equation COj-i- H,5:iCO+ H,0. and is ob- 


viously of the tyre In Hahn’s 

f tais equilibrium (Z. pbysikal. 


Equilibrium mixture 

CO H,0 H, X 
101 80 0 0 7lj 9 4G 0 IS 80SS isJ 

301 60 9 7 18 23 00 23 00 48 82 Jy 


51 9 2130 2788 2788 2288 

e0 9 30 1 34 20 28 G1 2S 61 12 58 i st 

703 207 4786 22 70 22 79 676 m 


ivestigation of 
Chem. 1603, 44, 513), platinum was used as a 
catalytic agent, and on this ground the objection 
might be raised that the reaction as studied by 
that investigator is not really homogeneous. 
A true catalytic agent, however, as will be 
show n in greater detail at a later stage, does not 
affect the position of equilibrium to a reversible 
reaction, but merely lessens the time required 
for the attamment of equilibrium. The reaction 
which takes place between carbon dioxide 
and hydrogen, or between carbon monoxide and 
water vapour in contact with platinum, may 
therefore be regarded as a homogeneous re 
action In Hahn's experiments, mixtures of 
the gases were passed through a heated quartz 
xrt ■jiunx^iaTTi Axi'ofc containing spongy ffia^num. 
Provided that the rate of passage was alow 
enough to allow the four gases to come into 
equilibrium with each other, analysis of the 
issuing gas gave the equilibrium eoncenfm- 
tions Cco^. Ch,, Cco, and Ch.o The relation 
ship between these required by the law of mass 
^CO ^H,0 

oction IS A'=j, and the validity of the 

law in the rase ot this reaction is shown by the 
fact that the v aluc of A' obtained is, for a given 
temperature, the same when carbon dioxide 
and hydrogen, in varying proportions, are 
alloweti to re.ict as when carbon monoxide and 
wafer vapour arc taken as the initial suEi- 
stances A few figures obtained by Hahn at 
OSG^ w ill serve to support this statement, 
^fixtures of carbon dioxide and hydrogen, m 
the proportions shown m the following table, 
were passetl through the reaction vessel, and 
from analy sis of the issuing gas the values of A' 
were calculated by the above formula. 


Experiments were made, also at 986^ in vrhicli 
the initial mixture 'contained carbon monoxide 
and water vapour ; the mean value of A 
deduced from these expenments was 15 j, 
slightly lower than the average of the figures 
recorded m the table. The discrepancy, however, 
IS not great, and the numerical data quoted 
suffice to show that the balance established 
between the four gases, whatever be their 
initial concentrations, is adequately defined by 
the mass reaction formula. 

The early work on the production of ammonii 
from the elements may be used to illustrate the 
cbvtiges in K with pressure and temperature 
This reaction foims the foundation of the 
immense industry for the production of ayn 
thetic ammonia (q t>.) and nitrates which has 
grown up in the last 20 yeors. There is a very 
large patent literature on the subject which lan- 
not be considered here, but a summary by A 
Mittascb end W. Frankenburger of the groxth 
and development of the industry will be found 
in Z. Electrochem. 1639, 85, 630. 

Although, as DeviUe showed 50-60 years ago, 
even prolonged exposure of ammonia to electric 
sparks leaves a trace of the gas undecoa^sed, 
and a minute quantity of ammonia is formed 
when a suxture of nitrogen and hydrogen u 
passed through a heated tube, it was not until 
the early years of the present century that the 
reversibility of the reaction was properly 
appreciated and an attempt made to apply the 
principles of chemical equilibrium. The physico- 
chemical investigation of the equihbrium 
N,-f 3Hj?e2NHj has been carried out mainly 
by Haber and his coUahorators (ace Z. Elehtro 
chem. 1914, 20, 597 ; 1915, 21. 89, 128, 191. 
20C, 228, 241 ; also A. T. Larson and P. L. 
Dodge, J. Amer. Chem. Soc. 1923, 45, 2918 , 
A. T. Larson, t6id. 1924, 48, 367). 

Granted that there is a genuine equiuhriuni 
between nitrogen, hydrogen, and ammonia, L* 
Chateher’a prmciple indicates clearly that at 
any given temperature increase of pressure wul 
shift the equilibrium position in faiour ^ 
ammonia. This can be expressed by the 
equihbrium constant in terms of the partial 
pressures : 




It 13 customary to change this sbghtly by bring- 
ing the concentration of ammoma to a unit 
power, when 


, Pnh, 

Kp=V Kp'-^—z T- 


Since at high temperatures the „ 

concentration of ammonia is relatively amaU. 
great error is made, subject to that condi w . 
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by writing PNj+FHj=P. •where P is the -total' 
pressure. If, further, the nitrogen and hydrogen 
have been taken in the exact proportions 
required by the equation N2d-3H2=2NH3, 
these relationsliips can be coupled with 
the expression for the equilibrium con- 
stant and it follows that PfiH3=.0-325ExP^. 
Hence, for low concentrations of ammonia, the 
partial pressure of this gas in the equilibrium 
mixture is proportional to the square of the total 
pressure. 

If X is taken to represent the volume per- 
centage of ammonia in the equilibrium mixture, 

X — 100 • = Z2-5KP. This relationship, 

P 

according to which the volume percentage of 
ammonia, for small concentrations, should be 
proportional to the total pressure, is borne 
out by the figures for the lowest ammonia con- 
centrations in the following table, which is taken 
from Larson’s paper. The figures given refer 
to the equilibrium percentages of ammonia 
which were formed from mixtures of 3 parts of 
hydrogen and 1 of nitrogen at the temperatures 
and pressures specified. 

Percentage of Ammonia at 
Equilibrium. 

(Calculated from experimental data obtained 
at the F.N.R.L.i) 


Temp. 

"C. 

r - 

10 

30 

-Pressu 

50 

re (atn 

100 

;i. nbs.l 

300 

1 

000 



1,000 

200 

50-00 

07-50 

74-38 

81-54 

89-94 

93-37 

98-29 

2.')0 

28-34 

47-22 

50-33 

07-24 

81-38 

00-00 

90-17 

300 ' 

14-73 

30-25 

39-41 

52-04 

70-90 

84-21 

92-55 

3.50 

7-41 

17-78 

25-23 

37-35 

59-12 

75-02 

87-40 

■lOO 

3-83 

10-15 

15-27 

23-12 

47-00 

05-20 

79-82 

4.50 

2-11 

5-80 

9-15 

10-43 

35-82 

53-71 

09-09 

.500 

1-21 

3-40 

5-50 

10-01 

20-44 

42-15 

57-47 

Di 50 

0-70 

2-18 

3-43 

0-82 

19-13 

31-03 

41-10 

COO 

0-40 

1-39 

2-25 

4-52 

13-77 

23-10 

31-43 

050 

0-33 

0-00 

1-53 

3-11 

9-92 

10-02 

20-70 

700 

0-23 

008 

1-05 

2-18 

7-28 

12-00 

22-87 


' Fixed yitrogCD Hescarcli Laboratori’. 



The above figures enable Kp to be calculated 
between any desired pressure and temperature 
limits. The type of variation observed when 
this is done is shown by the following table : 

Equilibrium Constant, Kp. 

Temp. "C. Pressure (ntm. abs.). 

300 GOO 1,000 

450 0'008S4 0'01294 002328 

475 000674 000895 001493 

500 0-00498 O-00G51 — 

It will bo observed that quite largo variations 
of Kp with pressure are here beginning to appear. 
This is due to the very high pressures employed 
which are causing the gases to deviate very 
eonsidcrably from the conditions laid down 
when the equilibrium constant was deduced. 
At pressures of the order of one atmosphere the 
deviations of Kp are small. It is clear that the 
highest percentage conversion of nitrogen and 
hydrogen into ammonia is secured bj' working 
at a high pressure and a low temperature. In 
laigc-scalo work, however, there is obviously 
a limit to the practicable pressure; nevertheless, 
modern research has produced alloys from which 


apparatus can be manufactured to work at 
approximately 1,000 atm. A lower limit is 
likewise set to the temperature which can 
profitably be employed in practice by considera- 
tions of velocity. By themselves, nitrogen and 
hydrogen combine veiy slowly at temperatures 
below 1,000°, and it is only in the presence of 
catalysts such as osmium, uranium and iron 
that the reaction is reasonably rapid at tempera- 
tures where the yield of ammonia is satisfactory. 
A big yield and a high velocity of reaction cannot 
be achieved simultaneously, and a balance has 
to be struck at the temperatures w'hich give 
the best economic results. On the technical 
scale the temperature employed is generally 
500°-600°C., and the mixed compressed gases 
are circulated over the heated catatyst in such a 
way that the ammonia formed is continuously 
removed by refrigeration or absorption. It 
should bo pointed out that in the manufacturing 
operation the rate of passage of the gases over 
the catalj'st may be too rapid to permit the 
reaching of equilibrium at each stage ; it may 
be more sound economically to maintain the high 
rate of flow at the expense of the yield (see 
Maxted, J.S.C.I. 1918, 37, 232). 

Many other gas reactions of technical im- 
portance, as well as of scientific interest, ha ve been 
investigated and can be represented in terms of 
the law of mass action. The oxidation of sul- 
phur dioxide by oxygen on a platinum or ferric 
oxide catalyst is probably the best known. 
Bodenstein and Pohl (Z. Electrochem. 1905, 
II, 373) showed that the constant 



was independent of the initial concentrations 
of the reactants, and of the presence of an inert 
gas — nitrogen. The values of Kp at a series of 
temperatures arc given in the following table.; 


Temp. °C. 

K X 10=. 

528 . . . . 

. . . 0-015 

579 . . . . 

. . . 0-077 

627 . . . . 

. . . 0-32 

680 . . . . 

. . . 1-12 

727 , . . . 

. . . 3-54 

789 . . . . 

. . . 12-6 

832 . . . . 

. . . 28-0 

897 . . . . 

. . . 81-6 


It will bo observed that K is increasing rapidly 
with temperature ; the cause of this change will 
be dealt with in a later section. 

The cases of equilibrium discussed so far have 
been those in which gases alone are involved. 
There are, however, many homogeneous re- 
versible reactions in which liquid or dissolved 
substances take part. A classical e.xample is 
the reaction between ethyl alcohol and acetic 
acid, represented thus : 

CHyCOOH-bCjHyOH 

^ CH3-C00C2H5-bH20 

H 1 mol. of acid and 1 mol. of alcohol are heated 
in a sealed tube at 100° for a sufficient time, 
examination of the reaction mixture shows that 
it contains J mol. each of acid and alcohol, and 
5 mol. each of ester and water. If, then, 1 mol- 
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of ester and I mol. of water .irc mi^ed and' 
treated in the same w ay, the equilibrium mixture 
finally obtained has the same composirion as 
in the first case. The reaction therefore is 
truly reversible and the equilibrium constant I 

is given by the equation K= , -r ' tt » ^herel 
t-df • t'Ol I 

Ct, Ctr, Cat, ®nd Cat are the equilibrium con- 
centrations of the four substances. If t repre- 1 
aents the a olume of the equihbnum inixtnre in I 
hires, then for the case where 1 mol. each of I 
arid and alcohol are taken imtiaUj* 


solute was dissociated by solution into teo 
charged ions AB -* -I-v + B', Ostwald pointed 
out that the reaction was reiersible, since on 
concentrating the solution the sohd solute conld 
once more be separated from it, and that the 
reaction should consequentlj’ be represented 
A -r + B'. Appljing the law of mass action 

iteobtain . Il ismoreconrenienf, 

however, to change the form somewhat and 
consider a i olume v of solution which has dis. 
sohed in it 1 g mol. of the electroljde Ua 
I certain fraction x of this material dissociatei 


and Cac=Cal=‘K whence A'=4 It should be 
pointed out that the cotni>osition of the equili* 
brium mixture may aafely be determined by 
titrating the free acetic acid, for the velocity 
of the reaction between ethyl alcohol and acetic 
acid is negligibly small at ordinary temperatures 
If the law of mass action is strictly applicable i 
to the reaction under consideration, then the I 
value of A’ obtained in experiments m which I 
alcohol and acid are taken m other than mole- ' 
cular proportions should also be 4. Suppose, 
for instance, that m mols of alcohol are allowed I 
toactonlmol.ofacid.and that after equilibrium I 
has been reached, the fraction zof a molecule | 

of ester has been produced , then 
Cbc=^ — and ^ j so that 

A'=— 

(l-z){m-z)' 

Instead of observing whether the insertion of the 
known values of m and z m this formula gives 
the V alue 4 for A', the applicability of the mass 
action law may be tested by taking A*=4 and 
ascertaining whether the value of z calculate 
by the formula for a given value of m is in 
agreement with the value of r determined 
experimentally This procedure has been 
adopted in the actual investigation of the case, 
with the following results 

»» X fouiiU X calc 


into ions their concentrations will be given by-. 
The amount of the undissociated electrolj te left 
will be (1— z) and its concentration 

Substituting these values in the first equation, 
the common formula of the Ostvold diiulioa 

law IS obtained, 

This expression was first tested w ith relatively 
poorly conducting solutions (weak electrolyte!) 
such as acetic acid and ammonia. The easiest 
method of doing this was to measure the 
electrical conductivity of the solution under 
standard conditions and use this as a meaiute 
of the number of charged particles (loai) 
present m the solution. If the specific con 
ductivity of the solution be multiplied by the 
reciprocal of the concentration of the electrolyte 
m gram molecules per Ltre (dilution) a term u 
obtained — the equivalent conductivity— which 
represents the conductivity imparted to s 
solution under standard conditions by 1 g 
equivalent of the electrolyte. This quantity d 
should consequently be pri^ortional to the 
number of ions present and affords a method of 
determining z, since z w ill be the ratio of the 
I measured conductivity at a given concentration 
compared with the conductivity Aa 
solution would have when all the salt wti 
. ionised ; this is visualised as occurring at m 
I infinitely large dilution. Consequently r=^ 


0 08 
0 28 
0 50 
0 67 


80 


0 078 
0 2’0 
0 414 
0519 
0 819 
0 876 
0 060 


0 078 
0 232 
0 423 
0528 
0 783 
0 864 
0 945 


The etccJlent azreement of the figures w the 
second and third columns furnishes a con 
vincing proof of the applicability of the law 
of mass action. The influence of “mxsa” or 
concentration in affeeling equilibrium is v«y 
clearly illustrated by the numbers quoted in the 
table, for it will be observed that when the 
amount of alcohol is great compared with the 
amount of acid, the latter is almost qoantita- 
tivclv converteil into ester; m other words, the 
yield of ester from acid is nearly theoretical 
The solution of an electrolyte in water aifonls 
an opportunity of testing the appbcabibty of 
the law of mass action to another tv-pe of equib- 
bnum. After it had been established that the 


and x-n rrr.* The following figurti 

Aa{Aa—A)l . 

show the type of agreement that is obtaineo 
when this formula is applied to acetic acid. 


c nioU /litre 
0 07369 . 

0 03685 
0 01842 
0 000211 
0 004606 
0 002303 


JCxlO' 
. 1845 
1851 
18 49 
18 49 
1851 
. 18 49 


U Will be seen that the m.sss action I®"" 
obeyed with considerable accuracy over the 
above concentration range, \\ith stronger 
solutions the deviation becomes larger and A 
has dropped to 16 5 by the time the acetic aw 
M 2A'. An equally satisfactory result is obUinw 
for other acids and alkabs provided that A “ 
less than 10"*. .Should the dissociation ^ 
as with strong acids and alkalis or *{ilta, to that A 
approaches 1, the dilution law breaks do 
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entirely ant] conditions other than those visual- 
ised in the lav of mass action determine the 
equilibrium. The treatment of the properties 
of strong electrolytes is, however, not within the 
scope of the present article. 

Other properties of aqueous solutions of weak 
electrolytes may be measured and correlated 
with the changes in the degree of dissociation 
expressed by the dilution law. Thus the values 
of X obtained from the electrical conductivity 
may be checked by' accurate measurements of 
the freezing-points of the solutions. It also 
enables an estimate to be made of the distribu- 
tion of an alkali between two acids of different 
strengths in the same aqueous solution. If the 
solution contains equivalent amounts of both 
the acids and the alkali the base is insufficient to 
neutralise both acids, and the result is a com 
petition between the two acids, each securing a 
fraction of the base. A theoretical discussion of 
this problem shows that if x is the fraction of the 
base appropriated by the first acid, and 

l-T accordingly the fraction appropriated by the 
other, //A,, then, provided the dilution is not 

too great, — If, therefore, the values of 

“ 1— a: Aj 

J\ j and A '2 have been determined in the way 
already described, it is possible to calculate the 
distribution of the available base between the 
two competing acids. That this can be done in 
good agreement with experiment is shown by the 
following figures : 

//.tj. IIA.,. / calc. X found. 

Dichloracctic acid Lactic acid 0'9.> O'Ol 

Formic acid Acetic acid Q-~!i 0-7(> 

Acetic acid Butyric acid OmI 0'.53 

It is evident, then, that a knowledge of the 
dissociation constant of an acid enables us to 
calculate relatively the affinity or activity of this 
acid for a base. There are other methods for 
ascertaining the relative affinity or avidity of 
an acid, methods available in the case of strong 
acids which do not obey the dilution law, and 
to which,, therefore, no definite value of if can 
bo assigned. Among these methods are the 
determination of the heat effects accompanying 
neutralisation (Thomsen), the measurement of 
the density changes (Ostwald), and the study 
of the influence of acids in accelerating the 
inversion of sucrose or the hydrolysis of menthyl 
acetate. The order of magnitude of the values 
obtained by’ these and other methods for the 
relative affinity' of acids is the same, as will 
bo seen by an inspection of the following table : 


Arid. 

A’ ' too. 

llelativf 

deduce 

sucrose 

Inversion. 

afhnlty 
d from 

dcn'K.v 

ctiaiipes. 

HCI ... 



100 

100 

HNOj . . . 



100 

100 

CClyCOOH . 

.30 

(approx.) 

75 

80 

CHCL’COOH 

5-14 

27 

33 

CHjCiCOOH 

0-1 o'. 

4-8 

7 

H’COOH . . 

0-021 

1*5 

3 

CHj-COOH . 

O-OOIS 

0-4 

I 


By a large increase in the concentration of one 
of the ’reactants in an equilibrium the dilution 
of the material with which it combines may^be 
correspondingly reduced. Thus when a A'/i- 
solution of sodium acetate is added to an equal 
volume of iy/4-acetic acid its hydrogen ion 
concentration is reduced to'about 1/75 of what 
it w'as originally. This application of the 
principles of the mass action conception enables 
solutions of accurately knorvn hydrogen ion 
concentration to be obtained (see Buffer 
Soi.UTioss). 

The cases of equilibrium so far discussed have 
been those which occur in homogeneous systems, 
but there are numerous cases also of non- 
homogencous or heterogeneous equilibrium. The 
bearing of the law of mass action on reversible 
reactions of this character will be most readily’ 
appreciated by con.sidering one or two e.xamples. 
The dissociation of caleium carbonate may be 
taken in the first place. If this .substance is 
heated to 750° in a closed space, it breaks up 
to some extent into calcium oxide and carbon 
dioxide : if, on the other hand, carbon dioxide 
at atmo.spheric pressure is passed over calcium- 
o.xide, heated to the same temperature, the 
reverse action takes place and calcium carbonate 
is formed. That is to say, an equilibrium is 
established which may be represented thus : 
CaCOj^^CaO-f COj. In applying the law of 
mass action to this case, we arc confronted -with 
the question : What is the concentration or 
" active mass ” of a solid faking part in a re- 
action ? An answ'er to this question may be 
reached by supposing that in the gaseous phase 
of the reaction sy’stem there is equilibrium 
between calcium carbonate, calcium oxide, and 
the carbon dioxide ; that is, each of the solid 
substances concerned in the reaction is supposed 
to have a definite, if infinitely small, sublima- 
tion pressure at a given temperature, and there- 
fore to be represented in the gaseous phase. 
On this basis, the equilibrium at a given tempera - 
t(ire would be governed by the formula 
C X C 

where C\, Cj, and C are the equili- 

^ I 

brium concentrations of calcium carbonate, 
calcium oxide, and carbon dioxide in the 
gaseous phase. If partial pressures are em- 
ployed instead of concentrations, the formula 

would be K=?^. Now p- and Pj, being sub- 
Pi 

limation pressures, have fixed values at a given 
temperature, and are independent of the absolute 
amounts of calcium carbonate and calcium oxide 
present. Hence p= const., and since pj and Pj 
are negligibly small the partial pressure of the 
carbon dioxide is practically’ equal to pi, the 
total pressure exerted by the system ; so that 
we may write pj=const. The application, 
therefore; of the law' of mass action to the 
dissociation of calcium carbonate leads to the 
result that at each temperature the reaction 
sy’stem exerts a definite pressure — the dissocia- 
tion pressure, as it is termed. This statement 
is valid only' on the understanding that the 
substances involved in the reaction are kept in 
contact with each other ; if provision is made 
for keeping the pressure of the carbon dioxide 
1 permanently below or above the equilibrium 
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%a1uc, then a reaction proceeds until the cal- 
cium carbonate (in the first case) or the calrfom 
oxide (in the second case) has disappeared. By 
artificial alteration of the pressure at conatant 
temperature, therefore, any reaction of thesame 
type as CaCO}r^CaO-(-COj may be made to 
proceed either from left to nght or nee rersa. 
The reaction 26a02^2SaO-f-02 is alsoacase 
where two solids and a gas are in equilibrium 
with each other, and it may be treated in the 
same way as the dissociation of calcium 
carbonate. 

Many other examples of the appliration of 
the law of mass action to reactions with one or 
more solids participating are known. Details 
of these will be found from the bibliography. 
The chief point that is shown by all of them is 
that the active mass of a sobd is constant and 
that the chemical cquilibnum is the same 
however much or little of that solid is present 
in the reaction zone. 

Influence of Ttmperaliire — In general the Le 
Chatelier-Braun theorem enables the prediction 
to be made that the state of equilibrium for 
any change vanes with the temperature. This 
theorem states that if n change occurs m one 
of the factors determining an cquilibnum the 
equihbnum shifts in such a way as to annul the 
effect of that change Consequently, if all 
other factors remain constant, a rise m tempera- 
ture causes the equihbnum to shift in that 
direction in which absorption of heat occurs. 
This change is expressed quantitatively by a 
relation which is usually called the Van’t Hoff 
equation. By simple thermodynamics it can 

be shown that — where T is the 
absolute temperature and Qp is the heat crofted 
by’ the reaction at constant pressure when molar 
quantities interact in the direction left to nght. 
Provided that the active concentrations of the 
g'i«es can be expressed by their partial pres- 
sures the aboxe relation also holds when hp is 
substituted for Kg 

Before the Van t Hoff equation can be used to 
express changes for finite temperature differences 
it 13 necessary for it to be integrated, and for 
this the change of Q with temperature must be 
known. For differences of temperature up to 
10° Q may often be considered as independent 
of temperature. Thea intcgratuig between 
Ti and 7’j we obtnn 

The xariation of Q with T is given by 

=-t^Cp where Cp represents the ibfference 

of the he.xt rap'irities of the substances on the 
right side of the chemical equation compared 
with those on the left. These heat rapacities 
can be expresswl by an equation of the type 
Cj>=“+^r+yr*i, consequently one can also 
write 

A (?= »r*+y>r» 
and this impbes that Kv can be represented by 
an equation like the following: 

log« Kp^^y+nlogiT+oT+pT’-i- etc. 
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Over a given temperature range the changes C. 
most be inv estigated experimentally to find ha» 
many of the above terms are necessary to reprt- 
represent Q in terms of T. In the case of the 
formation of sulphur trioxide from the dioxide 
and oxygen Q is found to be a linear function 
of temperature and is given by the expression 
C=— 47,300-1-47’. Substituting this value fort? 
in the general equation and integrating the 
following formula is obtained : 

. -10,373 

logjB A = — ^ 2 222 logjo7’-|-U5S5. 

The following figures show that the calculated 
values of A' then agree very satisfactorily with 
the experimental determinations : 


T*C. Lob A’ found. log A calc. 

S28. . . -4 800 -4 817 

579. -4 126 -4 099 

627. -3 500 -3 302 

680 . -2 914 -2 893 

727. . -2 451 -2-453 

789. . -1 900 -1922 

832 -1 553 -1-573 

897. . -1089 -1083 


In the fonnation of ammonia from hydrogen 
and nitrogen, however, Larson (J. Amcr. Chem 
Soc. 1924, 46, 367)found that two furtherterms 
were required to express the change of Q with 
T, I e. 

5-a+|8r-t-yr*-k8r» 
and consequently 

log A'p-p+ii logio T+oT+pT-+I. 

Two of these constants o and / were still ehang 
log slightly with pressure I at 600 atms, 
2,O74 8,n=-2-4043.o=l 0856x10-*, p-1 8364 
xlO-*, and ;-3 059. 

Catalysis. 

No discussion of reaction velocity or chemical 
equilibrium would be complete without a refer 
ence to the phenomenon of catalysis. It very 
frequently happens that a chemical reaction, 
which of itself is extremely sluggish, proceeds 
with comparative rapidity m presence of some 
foreign substance— a catait/al, as it was called 
by l^rzehus in 1835. Cases of such an aecelcrs- 
tion of a chemical reaction have long been 
known, and in both laboratory and technical 
processes cntalj sts nrc in common use. 

A rational quantitative study of catalysis is 
possible only on the ba'is of the hw of mw* 
action. In the velocity coefficient, as already 
explained, we have n definite measure of the 
rateof a chemical change under giv en condition* 
For a given reaction, therefore, w hich is cataly ti- 
cally accelerated, the value of the velocity 
coefficient at a given temperature is a measure 
of the efficiency of the catalyst, and by com- 
panng the values obtained for the 
coefficient in different experiments, one can find 
out how the efficiency of a catalyst varies vnth 
the conditions under which it works, and how 
the efficiency of one catalyst compares vritti 
that of another working under the same con- 
ditioaa. 
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General Characlerislics of Catalysis. — Ostwald 
in 1888 formulated tlie following points by 
u-liich a catalytic process could be distinguished : 

(1) The catalyst should be recovered at the 
end of the reaction in a chemically unchanged 
condition even though physical differences as, 
for example, a larger grain size, can be observed 
in the material. 

(2) The quantity of catalyst should be small 
compared with the amounts of reactants in 
which it can induce combination. 

(3) In a balanced reaction the final state of 
equilibrium is unaffected by a catalyst, which 
should merely affect the rate at which that 
equilibrium is established. 

(4) A catalyst does not initiate a reaction but 
only increases or decreases its velocity. 

The application of these criteria can be 
illustrated by some work of Bredig on the com- 
bination of oxygen and hydrogen on a colloidal 
platinum surface at room temperatures ; 2-5 c.c. 
of the colloidal solution containing only 0-17 rag. 
of platinum were shaken with electrolytic ga.» 
and for five successive 10-minutc intervals the 
following decreases in volume were observed: 
17-8, 18-0, 19-0, 17'G, and I7'8 c.c. During the 
next 14 days 10 litres of electrolytic gas were 
allowed to combine on the platinum surface. 
The rate was then measured under conditions 
identical with those in the first determinations 
and the following diminutions in volume were 
observed: 20-2, 18-7, 19-5, 19-7, and 20T c.c. 
Thus after transforming nearly 100,000 times 
its weight of hydrogen and oxygen into water 
the catalytic surface is still unimpaired. It 
may be argued that Ostwald’s fourth condition 
is a somewhat pedantic one as the combination 
of o.xygcn and hydrogen at room temperatures 
appears infinitely slow. Since, however, the 
reaction proceeds at any required rate by suit- 
ably regulating the temperature, it is logical to 
state that the reaction at room temperatures 
could be detected if sufficient time could be 
allowed. In the above example the rate of 
combination is proportional to the amount of 
catalyst present. This is also the case for the 
inversion of sucrose by acids where the velocity 
can be used as an approximate measure of the 
concentration of hydrogen ions in the solution. 
It is realised, however, that the action of the 
negative ions and undissoeiated molecules is by 
no means negligible and considerable work has 
been done in disentangling their respective 
influences (see Glasstone, ‘ Recent Advances in 
Phj'sical Chemistry,” 1933, Churchill). For 
many reactions there is no simple relation 
between the concentration of the catalyst and 
the velocity of the reaction. 

The decomposition of hydrogen peroxide 
under the influence of colloidal platinum is an 
illustration of a reaction w’herc the two quan- 
tities are still connected in a simple fashion. 
The course of the decomposition can be followed 
by removing a definite volume of the reaction 
mixture from time to time and titrating with 
potassium permanganate. The rate of the 
change is in harmony with the formula for a 
unimolecular reaction, and for each concentration 
of platinum a definite value of k, the velocity 
coefficient, can be obtained. The following 


table contains the values of k corresponding 
with various concentrations of platinum : 


riatinuiu concentration. 

21-0x10-® . 
10-5x10-8 . 

5-2x10-8 . 
2-6x10-8 . 


k 

. 0-072 
. 0-024 
. 0-0084 
. 0-0027 


From these figures it appears that when the 
concentration of the catalyst is doubled, the 
velocity of decomposition is trebled. 

Catalyses and the Laiu of Mass Action. — The 
general characteristics of catalj'sts have been 
sketched in the foregoing paragraphs, but the 
phenomena observed are frequently more 
complex than has been suggested. It appears 
that the catalyst often works in such a way as to 
mask the operation of the law of mass action 
altogether. This is hardly surprising, as the 
catalyst acts usually by virtue of a surface effect 
and the concentrations of chemicals there may 
have no relation to the amounts present in the 
surrounding gas or liquid. Nevertheless, if a 
surface acted merely as a means of concentrating 
the reactants one would expect that the general 
characteristics of the reaction kinetics would 
remain unchanged. This is frequently not so, 
and it appears that the surface effect is usually 
a specific one. The union of oxygen and sul- 
phur dioxide was first investigated by Boden- 
stein (Z. physikal. Chem. 1907, 60, 1), and the 
results show that the velocity of union is inde- 
pendent of the oxygen concentration (except 
when it is extremely small), proportional to the 
concentration of sulphur dioxide, and inversely 
proportional to the square root of the trioxide 
concentration. This behaviour is obviously 
quite different from what would be expected 
under the law of mass action. The explanation 
adopted by Bodenstein is that the factor which 
really determines the velocity of reaction is the 
rate of passage of the sulphur dioxide through 
a layer of sulphur trioxide adsorbed at the 
surface of the platinum. From this point of 
view, what is measured is a diffusion velocity, 
not a reaction velocity, for it is supposed that 
the sulphur dioxide and the oxygen, when they 
have reached the platinum, react with great 
rapidity. Bodenstein has further shown that 
the rate of union of the two gases under the 
influence of other catalysts is governed by the 
same factors. Not only so, but it has been 
found that the rate of change in many other 
heterogeneous catal 3 ’tic reactions is, in all 
probability, determined by the physical process 
of diffusion. Additional support of this vdew is 
furnished by the relativelj' low value of the 
temperature coefficient in these cases. As 
already indicated, the velocity- of a homogeneous 
chemical reaction is doubled or trebled for every 

rise of 10°G., but the value of - ^^^9 for a 

heterogeneous reaction is frequontlj- not much 
greater than the value (about 1-3) we should 
e.xpect if the rate of reaction were determined 
by a diffusion veloeitj- alone. 

If there bea laj-er ofsulphur trioxide or similar 
gas adsorbed as postulated bj’ Bodenstein it is 
of importance to know how this film is affected 
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by tbe pressure of the gas abo\ e it. 1 he earliest 
equation « as 8(1% anted to represent the amount 
of gas or liquid taken up by a surfare hke 
charcoal. It is knou n as the Freundlich adsorp 
tion isothem and states that 

logCa=.-l+«logCt 

where Cg and Ci are the corresponding con 
centrations in the solid and liquid or gas phases 
rcspectneh. It is an empirical equation anil 
without theoretital significance. The other 
relation is an e-^preasion of I.angtnuira, which 
Vi as used in connection with hi« work on reaction' 
in rarefied gases, some of v. hicb will be discusseil 
later 


His equation is of the form (’s= 


«Cl 


rfor 




jp 

1+V 


1+tCt 

.where a and i are constants 


and p IS the pressure hc-n applied to specific 
examples some 8\ stems can be represented quite 
well while sometimes both equations fail cum 
pletely. In these casts the form of the adsorp- 
tion does not appiur to be a cuntiiiuuus funttion 
of pressure, which, of course, both tbt aboce 
equations require 

An extreme example of this dhergeme was 
the di8co\er\‘ of ncliialsd ndaorptiou by II S 
Tajlor (J Atner Chem Soc 1931, IS. S78, 
1614 , 1033. 54, C03 , Trans Faraday Soc 
loss, S8, 247) When htdrogen is taken up 
by a mixture of manganous and chromoiis 
oxides at -78‘C' the adsorption is rapid, 
equilibrium is quickly attained and can be 
represented by an adsorption equation At 
room temperatures a new effect becomes 
appreciable which manifests itself as a slow take 
up of gas which is only measurable in terms of 
dajs. Finally at 30 j"C this slow process has 
become fast and the amount of hydrogen taken 
up li nearly 15 times that adsorbed at — 78'C 
Chemical combination is not the explanation, as 
most of the gas can be pumped off the surface 
once more. As the influence of temperature 
on the two processes is studied the can't lIolT 
equation can be applied for rstioialing the 
heat that accompanies the two types of adsorp- 
tion This IS found to be l.OOOg -cal perg mol 
from -78® to 0®C. and 23,000 from 305® to 444* C. 
It was therefore suggested that the first type 
IS a pure physical condensation phenomena, I 
whereas the high temperature product consisted I 
of a film of hydrogen molecules that were ^ 
oriented m the surface and held there by 
residual valency from the oxide lattice below. I 

The continuity or otherwise of the adsorption I 
isotherm is of considerable importance in deter* I 
mining wLat is happening m the surfaie A 
continuous line would indicate a physical process I 
of condensation, w hereas a senes of steps would I 
show the formation of compounds, lomparablej 
with the equihbnum between salt and water 
vapour where a senes of hydrates are formed. 
A remarkable senes of discontmuities has been 
shown in adsorption curves by Allmand and 
cO'Workers on a charcoal surface (Proc. Itoy. 
Soc. 1930, 129. 235, 252 ; J. Chem. Physics. 
1931,85, 1692 ; 20,2272 ; Trans, Faraday Soc. 
1933. 29. 458; J. Amcr. Chem. Soc 1932, S3. 
4453). These results have been confirmed for 


water ami organic liquids on charcoal, fur 
water and carbon tetnichloride on siliia' gd, 
and for hy drogen and nitrogen on certain 
surfaces at low temperatures From the point 
of view of the phase rule there is no doubt tbit 
these discontinuities must coincide with the 
saturation of different specific portions of ilj 
solid surface ; but what these regions are imot 
so clear It is obvious that the different faces 
of a crystal will have sbghtly different actnuiM 
towanls an adsorbent, and correspondiD|Jy m 
the charcoal surface there may be points 
(“ active centres ”) from which adsorption cw 
occur rather more readily than from their lut 
roundings. Such regions would explain tir 
existence of a number of types of activity on i 
catalytic surface, the work of Vavon and 
Husson (Compt. rend 1922, 175, 277) being s 
good example illustrating this. They were able 
to show that propyl ketone is reduced by 
hydrogen in the presence of colloidal platinum ; 
if a trace of carbon disulphide is added the 
cxtulyst IS poisoned, Lut is still actiie for tbe 
reduction of piperonaL ; additional carbon ih 
sulphide will inhibit this reaction, but nitro- 
benxene can still be hydrogenated on the surface 
Consequently, it appears that there are at lesit 
three types of active.eentres on platinum for tie 
hydrogenation of organic materials Com 
parable results have own obtained for other 
types of reactions. 

The work of I Langmuir (•!. Amer. Chem 
Soc 1916, 38. 2221 . tbii. 1918. 40. 1361) iru 
of fundamental importance m the developmeot 
of our knowledge of the combutsfion oigsiM 
on metal surfaces He chose to work at Iot 
pressures and his apparatus was simple; s 
metallic filament eleuncally heated and bui 
pended m the raiddie of a reaction bulb wkich 
was connected to a suitable manometer sod 
apparatus for introduemg and evacuating the 
gases IVben a pressure of oxygen of 10“* aim 
was introduced into the bulb containing * 
tungsten filament ot 3,300°C. the electron 
emission from the metal was decreased by more 
than a thousandfold. Consequently even »t 
this high temperature and low pressure an oxj^n 
film could still be formed on the tungsten. Thu 
was supported by the observation that SCPo 
of the molecules that collided with the 
succeeded m forming molecules of WO} 
Since there are 3 atoms of oxygen in the oxme 
and 2 in the gas molecule the third atom mwt 
have been on the surface before the colksio"* 
resulting in reaction occurred. One can dcducf. 
therefore, that at least 50% of the surface « 
covered by the oxygen film. It is notewortny 
that tungsten oxide distils rapidly from a 
at 1.200''C, an indication of the tenacity in» 
which the adsorptive forces are 
oxygen under the above conditions at S.SOut 
A mixture of oxygen and hydrogen 
introduced and the tungsten wire kept ot 1,jw 
The partial pressure of the oxygen fell, and W j 
was deposited m the walls of the bulb, but 
hydrogen remained unattacked until the oi>E 
pressure had been reduced to ICH m®. i ^ 
apparently the oxide film breaks, hydrogen 
be adsorbed on the filament, and all the 
immediately burnt oil. Tbercafler 
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hj^drogen is slowly removed owing to the for- 
mation of atoms which then react with the 
WO 3 on the bulb. It is interesting to note that 
the character of the oxygen is so changed by 
adsorption that it is unable to react with 
hydrogen at I,500°C. Finally the effect of 
preferential adsorption on the catalytic surface 
was shown. Carbon monoxide and oxygen 
react on a platinum wire at 600'’C., but in the 
presence of cyanogen, which is preferentially 
adsorbed, the reaction is inhibited until the 
wire is heated to 1,000‘’C. This is the tempera- 
ture at which cyanogen is itself oxidised under 
the conditions of the experiment, and the com- 
bustion of the carbon monoxide then proceeds 
normally. The above experiments allow of no 
doubt of the chemical nature of the forces 
holding the adsorbed material, which should 
therefore not be more than 1 mol. in thickness. 
In certain cases this hypothesis has been con- 
firmed by direct e.xperiment and it is now 
generally accepted. 

Langmuir has worked out a series of relation- 
ships for the rate of chemical change on a 
catalytic surface on the basis that one of the 
reactants or products may be preferentially 
adsorbed on the surface ; or that two or more 
of them may compete for the available catalyst. 
Applying his formida in this way he has suc- 
ceeded in representing satisfactorily the majority 
of heterogeneous gas reactions, but for details of 
the process the books in the bibliography should 
bo consulted. 

Bibliography. — L. S. Kassel, “ The Kinetics of 
Homogeneous Gas Reactions,” 1932, The Chemi- 
cal Catalog Co. ; C. N. Hinshelwood, “ Kinetics 
of Chemical Change in Gaseous Systems ” ; S. 
Glasstone, “Recent Advances in Physical 
Chemistry,” 1933, J. and A. Churchill ; H. S. 
Taylor, “A Treatise on Physical Chemistry,” 
2nd ed., 1931, Macmillan & Co. ; K. Jcllinek, 
" Lehrbuch der physikalischen Chemie,” 1928- 
1938, Ferdinand Enke, Stuttgart. R. H. P. 

CHEMICAL ANALYSIS. This mode of 
separating a complex material into simpler 
constituents is vUimale when the dissected 
parts are elementary forms of matter, whereas 
it is proximate when the subdivision consists 
only in the separation of the original substance 
into less complicated compounds. The aim of 
ultimate and proximate chemical analysis is two- 
fold: first, to ascertain the nature of the 
components of the mixture or complex sub- 
stance ; secondly, to determine the proportions 
in which these constituents are present. All 
analytical operations ma}' therefore be classified 
under two main categories of qualitative and 
quantitative analysis according as these pro- 
cesses lead simply to the identification of proxi- 
mate or ultimate constituents of the complex 
material or to the estimation of the relative 
proportions of such constituents. 

Although written from the viewpoint of 
technical utility, this article is arranged so ns to 
include references to analytical processes 
suitable for all the known elementary forms of 
iiiatter, experience having shown that certain 
elements formerly regarded us laboratory 
curiosities have now yielded products of 
industrial importance. 
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Systematic stud}' of individual elements and 
of their typical compounds has revealed the 
existence of many characteristic reactions 
exhibited by certain elements and their deriva- 
tives in widely varying conditions of combination 
or association. This circumstance leads to 
simplifications which are utilisable in both quali- 
tative and quantitative analysis. In qualitative 
work such special reactions as are not generally 
interfered with by other elements enable the 
analyst by a short cut to detect the presence of 
certain elementary or compound substances 
without the laborious task of separating these 
constituents from the other ingredients of the 
mixture. In this connection, reference should 
be made to the increasing use of the spectroscope 
employed not only in detecting various elements 
but also in estimating their relative proportions 
(c/. “ Problems and Slethods in Industrial 
Spectroscopy,” by Judd Lewis, J.S.C.I. 1935, 
64, 427T). Mention is also desirable of the 
modern application of organic reagents, many of 
which form characteristic metallic derivatives 
often belonging to the class of co-ordination 
compounds. Such reagents will be referred to at 
appropriate stages of this article. 

In quantitative analysis two essentially 
different procedures may bo adopted. The more 
fundamental one is gravimetric analysis, whereby 
an elementary or compound constituent of the 
mixture is isolated and weighed in the form of a 
definite chemical compound. Having gained 
this knowledge of distinctive reactions it then 
becomes possible to employ the second and 
consequential procedure kno^vn as volumetric 
analysis, in which the relative amount of a certain 
constituent is estimated even in the presence 
of other components of the mixture under 
examination by carrj’ing out the chemica,! 
changes with definite volumes of solution 
containing known amounts of reagents. The 
above-mentioned use of organic reagents has 
amplified the methods at the disposal of the 
analyst in both gravimetric and volumetric 
analysis. 

As volumetric processes nro generally the more 
rapid they have been largely developed in 
industrial laboratories where such quick methods 
have replaced the more laborious but more 
c.vact processes of gravimetric analysis. The 
loss in accuracy arising from the use of volu- 
metric methods is very small provided that the 
apparatus employed is accurately calibrated and 
that e.xperimental conditions are closely defined. 

GENERAL OPERATIONS. 
Samplixo. — The sample under examination 
should be truly representative of the main bulk 
of the material, otherwise discrepancies arise 
between the lesults of different analysts. These 
differences, often attributed to faulty methods or 
inaccurate work, are frequently due to imperfect 
sampling. When liquid, the substance should 
be thoroughly mixed before any sample is 
withdrawn. If contained in several vessels 
proportional quantities should be removed from 
each, the different portions well mixed, and the 
final sample taken from this mixture. 

In the pore difficult case of solids, care must 
bo exercised to secure proper proportions of 
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large jind ^rnall, hard and roft fragments. From 
n ship’s cargo portions should be taken from 
diflerent parts and from railway tnirks samples 
shoiihl be collected from the ends and middles 
of each tnick. Hollow augers should be 
employed for materials contained m baps 
barrels, so that long cores may be drawn from 
diflerent levels. With materials such as alkalis 
or soap which lose or gam moisture on etposurc 
to air suitable proportions must be eatracted 
from internal sectional portions of the bulk. 

In all cases the original samples, broken into 
small fragments, are thoroughly mived and one 
fourth removed for the operation of “quarter 
mg." This fraction, when ground to powder, is 
thoroughly mixed and one fourth agam taken for 
further quartering and the final specimen kept in 
well closed bottles. Quartering is also eflected 
by spreading out the pow tier into the form of a 
flattened cylinder — this being divided radially 
into four parts The opposite sectors arc 
separated and mixed after winch this subdivision 
IS repeated. 

With soft and friable materials, pulverisation 
II effected satisfactorily in porcelain, glass, or 
ev cn earthonwaro mortars. When the substance 
IS hard and a fine powder is re 
quired the final grinding should be 
performed in an agate mortar until 
the powder may be sifted com 
pletely through fine musim Es- 
tremeiy hard inorganfc substances 
should be crashed m a steel 
mortar (Fig I) consisting of a 
strong metallic base with a steel 
ring or guard within which fits 
cloboly a solid steel piston acting 
as pestle The epeeimen is placed 
on the base within the guard 
ring, the piston is adjusted and 
driven down on the mafensl by, 
means of a hammer. The final' 

Fio. 1. crushing is effected in an agate 
niortar. 

Uesiccatiov — Many eubstanocs are hjgro 
scopic, absorbing more or less raouturo on 
exposure to the air, and in order that they may be 
In « cfeffnfte eoirdificiii for ana/ysrx if is desirable 
to dry them either at the ordinary 
higher temperatures depending on the nature 
of the materials. When a higher temperature 
would bo injurious, the substances are dried 
in a bell jar or desiccator over concentrated 
sulphuric acid. The drying takes place more 
rapidly if tho containing vessel is rendered 
vacuous. Phosphoric oxide is sometimes anbs- 
tituted for siupbunc acid, and where an 
alkaline drying agent is preferable quicklime is 
employed. 

Substances n hieh are not decomposed at 100® 
may bo dned in an oven provided with n 
jacket coritaining water heated to boiling The 
water level is kept constant by (he overflow and 
inlet arrangenent shown at the aide m Fig. 2. 

When eufheienlly stable, the aubstance may be 
diifxl at no®, Since an increase of temperature' 
above 1(X)° greatly reduces the time required. 
For this purpose tho water in the jacket is 
replaced by toluene, which boih at 110*-111*. 
Loss by evapor.xtion is prevented by fixing a 


reflux condenser to the top of the jacket. For 
btiU higher temperatures (he toluene may 
be toplnccil by xylene (bp. 120') or even by 
lc« volvtilc naphthas, .Mternativcly, an air 
oven may be employcit to which one of vanous 
tfaenno regidaforv iii.iv be /id/ipterl. 

WeicniNC. — ^Thc balance and tho precautions 
nccex«iry to ensure correct weighing form the 
subJ<^ct of a special article (c. IlAIJl^cE). 



Fio. 2 

Substances foi analysis should generalU* be 
wcighcil from lubes provided with wellfittms 
stoppers or from weighing bottles with capsule 
stoppers The difierenee in tho weights of 
tube or wfighing bottlo before and after removal 
of substance giv cs the w eight of tlie latter taken 
for analysis. 2 he qinntity required depends on 
circumstances. When ronslitiicnts present in 
inimito quantities arc being estimated a rela- 
tively large amount 
of material becomes 
necessary, but for 
estimation of ono or 
more nram consfi 
tiients 1--2 g. of the 
substance is usually 
sufficient. The smaller 
the quantity of matter 
under treatment the 
shorter the time re- 
quired for filtration, 
washing, and drying, 
but also the greater 
are the demands on the 
skill and accuracy of 
the analyst Hygro- 
scopic substances and precipitates must be kept 
m a desiccator, which is usually a glass vessel 
containing sulphuric acid or anhydrous calcium 
chloride or alumina. Fig. 3 shows a con- 
cmently portable form of desiccator having a 
flattened air tight glaas cover which is retained 
in position by a smear of beeswax or grease. 

In weighing hygroscopic substances rapidity w 
highlydcsirable, and this is achieved by' the use 
of an aperiodic ihinpcd balance. 



-Desiccator. 
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Solution. — In sj’stematic analysis the firet 
operation is to bring the matenal into solution 
so that it may be subjected to the action of 
various reagents. This operation is con- 
veniently effected in flasks or in deep bcakei-s 
which are inch'ned at an angle during the process 
in order to avoid loss by spurting. The opening 
of the flask or beaker should be suitably 
covered. If it becomes necessaiy to dissolve 
the substance in an evaporating basin this vessel 
should bo covered by a largo clock glass. The 
solvent sliould be used in concentrated form and 
as sparingly as possible. The operation may 
be accelerated by heat. Evaporation to remove 
c-veess of solvent should so far as possible be 
conducted in the same vessel. 

Evaporatiok. — ^The concentration of a liquid 
may be effected over an ordinary Bunsen flame 
or rose burner, providing that the liquid does not 
boil. If the operation is conducted in a crucible, 

it should, be in- 
clined to prevent 
loss by ebullition, 
and evaporation 
is accelerated by 
inclining the lid 
of the crucible 
(Eig. 4) across its 
opening so as to 
produce a circu- 
lation of air. 
Other things be- 
ing equal, rate of 
evaporation de- 
pends on the area 
of surface e.\- 
posed, so that 
evaporation is 
effected most 
quickly inshallow 
dishes especially 
in a current of 
air which con- 
tinually removes 
the V u p o u r. 
During tho pro- 
cess the contents 
of the dish or 
basin should be 
other extraneous 
matter b 3 '^ supporting nt a distance of two or 
three inches above tho dish a funnel of diameter 
rather larger than that of tho dish. When 
evaporation over a direct flame is impracticable 
the basins, dishes, or crucibles should bo placed 
on a water bath, that is, a vessel containing 
boiling water so that the vessels are heated bj- 
the steam. The top of the drj-ing oven shown in 
Fig. 2 serves ns the lid of the water bath when 
])rovided with a scries of concentric ring.s to 
accommodate evaporating dishes of various 
sizes. Whatever bo the form of water bath it 
should be fitted with a constant level arrange- 
ment as in Fig. 2. 

F ■'oiPiT-VTiox. — ^This important operation is 
con<lu>. cd in beakers, dishes or conical flasks. 
.Sjihcrical flasks are uns\iitablc because of the 
diniciiltj' of removing tho precipitate. Hew 
glas.s vessels are appieeiablv attacked and 
ilissolved by water and still more strongly' b^' 


ANALYSIS. 

alkaline solutions, this action increasing with 
concentration of splution and time of contact. 
Acid liquids have less solvent action on glass 
than alkalis, but nevertheless this attack is 
notable, i'or quantitative work special alkali 
and acid resisting glasses should be used and lor 
this purpose British makers now produce 
excellent types of glassware. 

Porcelain vessels, cspeciallj' after a short time 
in use, are not further attacked to any serious 
extent. Precipitation requiring long heating 
with alkaline solutions should be conducted in 
such porcelain vessels or in nickel, silver or 
platinum dishes. 

Silica ware maj’^ be used with all acid solutions 
except those evolving hj’drogen fluoride. 
Except in special circumstances to be indicated 
subsequently the liquid and reagent are heated 
separately to boiling and then mixed with 
continual agitation, since under these con- 
ditions precipitation is generally more rapid and 
complete and the precipitate is produced in a 
dense and granular form suitable for collection 
and washing. These operations are begun so 
soon as the supernatant liquid has cleared. 
Although a test should alwaj’S bo made with a 
small fuithcr addition of reagent, any un- 
necessary c.xcess of the latter should be avoided. 

In recent practice increasing use is made of 
centrifuges in promoting the deposition of 
gelatinous precipitates. When bj’ this means 
the precipitate has collected at the bottom of 
tho container the supernatant liquid may bo 
decanted without loss of deposited material. 
The latter may then be mixed with more washing 
fluid and the centrifugalisation repeated. The 
separation of precipitate from liquid is usually 
effected by specially prejiared bibulous paper 
known ns filter paper. Swedish filter papers 
have a well-established reputation. There 
are also suitable English and Glerman brands. 
Among the former may be mentioned Whatman 
paper, which is of excellent qualitj*. These 
papers have been treated with hj’droehloric 
and lydrofluoric acids and arc almost free from 
inorganic matters. The weight of ash left on 
ignition of iilter paper is alwaj's specified bj’ the 
makers on tho cover of tlic packet. But it is as 
well to check this value of filter ash by the 
incineration of a known number of papers. 

For quantitative purposes tho filter paper is 
supported in a glass funnel which should be truly 
conical inside with an apical angle of 60°. Its 
stem should be long and tapering, not too wide, 
and with tho end cut obliquely to assist in 
draining away the filtrate. 

A circular filter is folded into a quadrant, so 
that when this quadrant is opened either at one 
side or moi-e sj-mmetrically by two opposing 
folds of 45° each, a cone is formed which should 
fit accurately- into tho funnel. The size of filter 
paper should be such that the edge of the cone 
is about 10 mm. below the rim of the funnel and 
so that the precipitate does not occupy- more 
than three-quarters of the available space in the 
filter. TIio filter cone is moistened with water 
and adjusted close to the funnel, care being 
taken to remove any air bubbles cntra])ped 
between glass and paper. This precaution 
facilitates greatly the subsequent filtration. Tiio 



protected from dust and 
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edge of the vessel containing precipitate and 
liquid is slightly greased by rubbing sntha finger, 
the natural grease of trbich generally sufiices 
for this purpose. The liquid is then decanted 
into the tilter u ith the aid of a glass rod, leaving 
the precipitate undisturbed until most of the 
clear solution has passed through the filter paper. 
The filter should be kept filled mth liquid up to 
10 mm. from the topof the paper. Filtration u 
accelerated by attaching to the stem of the funnel 
by means of mdiarubber tubing a glass tube of 
3 I 4 mm. diameter and not less than 20 cm long 
bent with a circular loop near its upper end 
Greater rapidity of filtration is attained by using 
one of the various types of vater pump, the 
filtrate being collected m a stout vailed fiask of 
conical shape with side tube leading to pump 
The funnel is inserted mto a tightly fitting rubber 
bung. If It is required to collect the filtrate in a 
basm or beaker this vessel is placed under a 
tubulated bell jar with ground edge standing on 
a glass plate, the funnel and side tube being 
carried on the rubber bung 

^\lth considerable reduction of pressure it 
becomes desirable to strengthen or support the 
apex of the filter. The necessary tightness is 
obtamed by dropping into the apex of the dry 
hiter already fitted into the funnel two or three 
drops of the strongest nitric acid. The paper is 
washed after two minutes and is then ready for 
use. Alternatively, the apes of the filter pajier 
may be supported by means of a cone of platinum 
foil dropped into the funnel before the paper is 
adjusted. This mode of support has now been 
rendered euperfluous by the use of Whatman's 
hardened filter cones. 

The Gooch crucible, constructed in porcelain, 
silica ware, or platinum, has a perforated 
bottom lined with thin asbestos mat or excep* 
tionally with filter paper and is now a well 
recognised means of collecting precipitates. 
The quabty of asbestos is of prime importance 
and a non-femigmous amphibole (c Asbestos) 
IS preferable. Such a variety already prepared 
by treatment with boding hydrochloric acid is 
readily purchasable. This prepared asbestos 
makes an excellent filter unaffected by the acid 
and alkaline liquids commonly met with in 
analytit, it is reaiiily dned and does not aherin 
weight on ignition. The Gooch crucible is in- 
serted into a cylindrical funnel by means of an 
mdiarubber nng placed between the cninble 
and. the edge of the funnel. The latter is fitted 
into a filtering flask which is then set in action 
and water containing the prepared asbestos in 
suspension is poured into the crucible. A layer 
of asbestos felt soon covers the perforated bottom 
of the crucible, and when a mat of sufficient 
thickness is formed the crucible is drained, dried, 
ignited, and, after coobng, weighed. Dunng 
Ignition a non-perforated bottom may be fitted 
on to the crucible in order to protect its contents 
from the flame gases. The prepared Gooch 
crucible is now returned to the filter funnel and 
the precipitate collected m it by the usnal 
procedure. After suitable washing the ignition 
and weighing are repeated. A bovhlet tube 
fitted with a perforated porcelain or platinum 
disc covered with an asbestos mat is often 
used as an alternative method of coQectmg 


precipitates. Such a tube may be heated in 
a current of reducing or oxidising gas. Thus 
cuprous oxide collected in the Soxhlct tube as 
the result of the interaction of Fehlm'’’s 
solution and a reducing sugar may be reduced 
by heating in hydrogen to metaliic copper or 
oxidised to lupric oxide by heating m air or 
oxygen 

111 the estimation of silver halides, the mat 
of the Gooch crucible may be of filter paper, and 
after washing the precipitate successively 
with water, alcohol, and ether, the crucible need 
only be dried at 100“ before weighing. 

Jcna-glass or porcelain crucibles fitted with 
filtering diaphragms of sintered glass or porous 
porcelain respectiv ely are a more recent improve- 
roent. The former have diaphragms of various 
porosities, but only Nos. 3 and 4 are suitable in 
analysis; the latter are made in two grades (A2 
and AI). having pores of approximately 7 5/t 
and 6/( respectively . In each case the first- 
named varieties are for use with coarse pre- 
cipitates while the others are suitable for finer 
precipitates, such as barium sulphate or lead 
obromate 

When It becomes necessary to filter while the 
liquid remains hot, the funnel is placed inside a 
conical topjicr jacket filled with water, which is 
heated by a side tube or more simply a lead 
pipe is coded round the funnel and steam is 
blown through the I'm!. 

In order to remove soluble impuiities jire- 
cipitates arc washed with such liquids as water, 
dilute acids, dilute Ainmoma, alcohol, or ether 
This washing is most effectivelv jierformetl 
by using small quantities of liquid rather than 
by applying at onre the same volume of liquid. 
Hot liquids should be used whenever con- 
venient and the pecipitJto should be washed 
so far as poseible by decantation, only tlie 
washing liquor being'poured on to tlie filter. 
Each quantity of washing liquid should be 
drained away before the next is tiddnl and for 
this purpose a filtei pump is useful. Draining 
should not, however, be excessive, otherwise 
channel wiU form m the jnecipitate and hinder 
the uniform penetration by washing liquid 
of the insoluble mass. Capillary action and 
evaporation both tend to bring the aoiuhk 
impurities to the edge of the filter paper and this 
concentration should be prevented by directing 
the jet of liquid from the wash bottle to the top 
of the filter paper. A few drops of the final 
washings should always bo tested for soluble 
impurities 

T’he filtration and washing of gelatinous 
precipitates such as aluminium hydroxide or 
other hydrous metallic oxides are greatly facili- 
tated by adding filter paper pulp to the hquid 
to be filtered. For this purpose an “ ashless ” 
filter paper i« cut into small strips and these 
fragments violently shaken with hot water 
until they are disintegrated into small fibres, 

Dr^ag and Weighing of Precipitate . — 
Occasionally a precipitate must be dried without 
nse of temperature, and this is achieved in a 
desiccator Over concentrated sulphuric acid and 
preferaldy m a vacuum. IVhen the precipitate 
u not decomposed at temperatures of 100* to 
120* but cannot be ignited it may be collected 
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on tared filter papers. These are conveniently 
prepared by folding together two filter papers 
and by subsequently cutting slips off the apex 
of the heavier one until they are equal in weight, 
when they are again folded together, the trun- 
cated one outside, and used to collect and wash 
the precipitate. After drying at the foregoing 
temperatures the two filter papers are placed on 
opposite pans of the balance and the weight re- 
quired to re-establish counterpoise is that of the 
dried precipitate. Tared filters have now been 
generally replaced by Gooch crucibles or 
crucibles with sintered glass or porous porcelain 
bottoms. 

Most precipitates encountered in gravimetric 
analysis can bo brought to constant weight 
by igniting over a lamp or gas flame. When the 
precipitate is not easily reducible by carbon it 
need not be dried. The wet filter enclosing 
the precipitate after draining on a pad of 
bibulous paper is placed in a platinum crucible 
and the latter heated at once with a full flame ; 
the water present assumes the spherical state and 
the paper smoulders away without spurting. 
Any slight reduction, such as barium sulphate 
to sulphide, may be remedied by adding a few 
drops of sulphuric acid of analytical purity and 
by then repeating the ignition. With mag- 
nesium pyrophosphate, the addition of strong 
nitric acid serves a similar purpose. 

If the precipitate is readily reduced by the 
carbonaceous matter of the filter paper, pre- 
cipitate and filter paper must be separated as 
completely as possible by gentle friction. The 
precipitate is transferred to the crucible placed 
on a sheet of glazed paper so that any scattered 
particles may bo transferred quantitatively 
to the crucible with the aid of a clean feather or 
camel’s hair brush. The filter paper is folded 
into a cylinder with the apex inside, wrapped in 
a helix of platinum wire, and set on fire. While 
burning the platinum cage is held over the 
crucible, the ignition is completed by touching 
the residue with the tip of a Bunsen flame, 
after which the ash is shaken into the crucible. 
When the precipitate is silver chloride the ash is 
moistened successively with single drops of 
concentrated nitric and hydrochloric acids and 
precipitate and moistened ash are gently ignited 
in the crucible until the silver chloride begins to 
fuse at its edges. With silver bromide the 
treatment is similar except that hydrobroraic 
replaces hydrochloric acid. With silver iodide 
a few drops of alcoliolic solution of iodine 
replace the mixed acids. 

Precipitates which include compounds of 
arsenic, antimony, bismuth, copper, lead, or tin 
or of other easily reducible metals, should not 
be heated in platinum crucibles, since this 
infusible metal is attacked by the foregoing 
metals with formation of more fusible alloys. 
For this reason hot platinum vessels should not 
be handled with brass crucible tongs although 
iron ones are permissible. Platinum crucibles 
arc also damaged by exposure to hot caustic 
alkalis or to smoky flames, e.spccially those formed 
in the burning of acetylene. Disintegration of 
the platinum occurs and the surface of the 
■crucible becomes tarnished and dull. The 
vc.'-'scl then needs rebumishing before its weight 
VOL. II. — 35 
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again becomes sufficiently constant for gravi- 
metric operations. 

When platinum is inadmissible porcelain 
crucibles are generally employed. Silica 
crucibles may bo used in the absence of hydrogen 
fluoride, but these are attacked by the more 
basic metallic oxides, such as those of copper or 
nickel. Ferric oxide may be ignited in silica 
ware providing that filter ash is absent. If 
present this or similar carbonaceous matter 
reduces the higher oxide to ferrous oxide, which at 
the temperature of ignition forms ferrous silicate. 
Other refractory materials are now available for 
the production of crucibles and silica may he 
replaced by the less acidic titania, zirconia, by 
the amphoteric oxides of niobium and tantalum, 
and by the basic metallic oxides. Silver and 
gold crucibles are resistant to the attack of 
alkalis ; tantalum crucibles ate recommended as 
being unaffected by mineral acids excepting 
hydrofluoric acid. 

Healing Appliances . — ^The ordinary Bunsen 
burner is still the mainstay for most heating 
operations, but the Argand modifications intro- 
duced by Fletcher are more efficient. A variety 
of other burners associated with the names of 
Meker, Fischer, and Teclu are now' available 
for the production of comparatively high 
temperatures. Electrically heated furnaces are 
very convenient for heating crucibles at regulated 
temperatures of 950° to 1,100°; the control is 
very close and as the heating is highly localised 
only very little becomes radiated into the 
laboratory. 

Glass vessels are more safely heated on sand 
baths or in trays containing fusible alloys. 
They may also be heated by gas or electric 
current on iron trays or gauze lined with 
asbestos. In technical laboratories large sand 
baths or wide iron plates supported on iron legs 
and heated medially by burners ore used to give 
a graduation of. temperatures. Vessels placed 
at the side of the sand bath or at the edge of the 
hot plate are subjected to gentle heat but may 
be raised to higher temperatures as they are 
moved towards the centre. 

Water baths with constant feed arrange- 
ments provide the easiest way of heating at 
100°; toluene heated ovens give 110°-111°. 
Higher temperatures are attained with baths of 
oil, molten paraffin, or a saturated aqueous 
solution of calcium chloride. Fused mixtures of 
alkali nitrates give temperatures ranging from 
140° to 250° (Maumcnc, Compt. rend. 1883, 97, 
45), and temperatures approximating to 440° are 
attained bj' heating substances in sulphur vapour 
(Bnauncr, J.C.S. 1885, 47, 886). 

QUALITATIVE ANALYSIS. 

Detection of the constituents of a mixture of 
chemical substances is based on the fact that 
almost everi' metallic or acid radical will give 
rise to reactions which under certain con- 
ditions arc characteristic, and accordingly 
enable one to distinguish this radical from 
all others. When such tests can be applied 
directly to the solid material usually at liigh 
temperatures the3' are known as dry reactions; 
whereas when emploj'ed in solution thej’ are 
described as tret Tenclions, The wet and dry 
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reactions of metallic and a.Mdic raicals are 
generally, but not ln^a^lably, independent of 
fte acidic and nsetaUic radicals with which th^ 
are respectively combined 

Exam»>ation in the Dry Way. 
Indications obtained from the dry reictions of | 
a material frequently afford suggestive clues to ' 
its composition, but as these tests rarely, if 
ever, indicate the relative proportions of the 
various constituents the results roust be re- 
garded as preliminary to th© more systematic 
esammation of the material m solution. More- 
over, negstire indications obiamad ircta dry. 
tests must not be accepted as final evidence. 
Nevertheless, a preliminary examination of the 
original substance should be made in the dry 
nay and if this substance is already in solution, 
a portion of the liquid should be evaporated 
to drjTiess and the residue tested by dry 
methods. The dry reactions 
of several admixed sub- 
stances Sometimea mutually 
interfere with each other, 
and the evidence is there- 
by rendered inconclusive, 
nevertheless, an examina. 
tion of this kmd often gives 
much mformation m a short 
time. 

The most convcment 
source of heat for dry tetts 
13 the ordinary Bunsen 
burner, wuich consists of a 
metal tube so arranged 
that at Its base coal gas 
enters through a jet and 
air IS drawn through holes 
pierced through the lower, 
part of the tube. The' 
mixture of 1 volume of 
coal gas with about 21 
volumes of air then pro- 
duced bums at the top of 
the tube with a non- 
luminous ffaine When the 
* supply of gas is dimimsbed 

the air Supply is reduced by ' 
a rotating regulator which partially closes the 
inlet holes The upper part of the bunier is > 
generally fitted with a support for a nietal cone 
to protect the flame fiom draughts 
The flame consists essentially of an inner dark 
zone a-a (Fig 5) containing unbumt gas 
mixed with nir und an outer zone or flame mantle 
c m which combustion becomes complete. On 
partially closing the airholes a Imninous cone r 
aiijicars at the top of the inner zone a-n. 
Closer study of the Bunseq flame shows that 
several distinct zones exist, each of which can be 
utilised in pioducing particular reactions; 
a IS a comparatively cold zone at the base of the 
name in which metallic salts may be volatihsed 
80 as to give flame colorations} S the Umxr 
reducing Jfame at one quarter of the way up and 
close to the edge of the dark zone a; t, the 
upper an^d more powerful redueiKg fiamt at 
the top of the dark cone, obtained by dosing the 
air hole until the tip of the inner cone just 
becomes luminous; ^ the zone of ftuum at 



one third of the height of the flame and kb 
between the inner cone and the flame iJJi*/ 

oxidising flame at the extreme tip of 

Instead of the Bunsen burner a lloJrfr. 
flame may be used. A mouth blowpipe wniZ 
of a metal tube provided at one end 
mouthpiece, the other end fittmg into a muU 
metal box which condenses and retains tio 
moisture of the breath. From this box a second 
shorter and narrower tube projects at ncht 
utiles to the first and carries a jet or noiile 
mm > of teu. or proferaiJ,. pVj,,, 
This blowpipe and another form due to Blaci sts 
shown in Fig. C. 

The art of keeping up a continuous air blast 
through the blowpipe is only acquired bj 
practice. The necessary pressure is produced by 
distending the cheeks, breathing is earned on 
through the nostrils, whilst commumratisa 
between nostril and mouth is cut off by pressure 
of the tongue against the palate. 

A flame suitable for blowpipe work is obtained 
by dropping into Che tube ofanoichnary Bunsen 
burner a brass tube, the lower end of whicb 
descends to the bottom of the burner and cula oS 
the air supply, whilst the upper end is flattened 
and cut off obbquely. The gas flame should be 
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smaller than when the burner is used m tbi 
ordinary way. As coal gas contains sow 
sulphur discrimination must be etercued in 
testing for this element. A thick iteann 
candle may nlao serve as source of beat or a 
lamp may be used consisting of a low and ratbtr 
wide cylindrical metal (brass) vessel open at the 
top with a relatively broad and flat wick holilet 
attached to its side. The fuel is paraflia ww 
kept la a molten condition hy the hest of the 
blowpipe flame, the w lek being arranged so that 
this flame passes over the paraffin war. A 
metal cone piotects the lamp from dust when 
not in use. The nozzle being mtroduced into 
the lamp) flame at a short distance above the 
wick, the blast deflects the flame bomonfay 
80 that it becomes long and narrow and thu 
consists of two parts, an outer oxidising flo|in 
and an inner reducing flame containing ear^bon 
monoxide and hydrocaibons heated to a C'f 
temperature. 

The following additional appliances art ^ 
quired for carrying oat diy test* • * 
of forceps preferably with platinum P®'”!’ 
short lengths of platinum wire; ®^®tcoal mi 
from fine-grained compact wood ; glass ^ ’ 

3 mm. internal diameter and 
closed at one end ; similar glass tubes 1^ • 
ram. long open at both ends and bent 
the middle. The chemical reagents are 6 

NajBjO^.IOHjO ; microcosmic salt, 
Na(NH4)HPO,.4H80! 
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or Kodiiui) cynnitlo ; soflitirn ffirliori- 
nto or fiic.ion mixlurc, NaKCO,; potafwi'um 
nitrate; poUo/iiiim iiydrogon liiiljihato j eohalfc 
nitrate aointion ; and Jitrntm papcrfi. 

The dry tCKta are generally performed in the 
following order: 

(I) /{Mlin(i in Me dry riorcfl luhc. — To avoid 
Moiling the Kidea the (inhfttnnec in introduced 
lliroiigh a roll of BtifT jiaper. The following may 
he oheerved : 

(ff) Carhorii'iation with or without evolution of 
tarry vnpoura "Organic rompoundn. 

(h) C'ondenBation of moisture on cooler parUi 
of tuhe; neutral rcnetUin- hydr/ilrjl sall», 
hydroxide', acid reaction* ncld/t, neid 
f.uKif, alkaline reaction '-owwoniVin co/M. 

(r) fusion without change of colour - (Mali 
f.alln, hydrati/J. e.nUn, 

[d) fusion v/ith change of colour; yellow hot, 
v/hilc v,o\d-: anlimuny oxide; ^ellov/ hot, 
dark ycliov/ (:fiUl~bi/imulh oxide; yellow 
hot, red eohh- lend oxide, Cliromatcri of 
lead and alkali metal fuse and darken on 
heating. 

(e) >fo fusion, hut change of colour; dark 
yellow hot, pale yellow to white cokf - 
einnnic oxide; bright yellovr hot, whiU; 
coId*:zi'nc oxide; hlack Iiot, , reddish- 
hrown eoId-/crriV. oxide; hlack liot, 
iirighl red colds’ mcrei/n'c oxide; hrov/n, 
darkening on hcating'-codmiiirn oxide. 

(/) G/ih evolved; oxygen '■> or Wc/», pieroxidee, 
ehloratee, hrornfite,e, perehlornte^, iodniee, 
perMntee, perevlphatee, nilralee; carhon 
dioxides’ (y/rfionotM, hiearbmalee, oxnlntee; 
eartion monoxide (hlue fUime)-- Jorrnutexi, 
oxntnfee; nulphur dioxide "ocid eulphilexi, 
eiilphntejt of he/Jvy Mctnle (together with 
sulphur trioxidc); cyanogen (peach- 
coloured tlnmts)‘^cynnidee of henny rnelale; 
amrnoniti-- nmrnonium mite; phosphine 
r ‘phoephitee, hypophoepbitee ; orange 
hrown vapours- nitrutee, nitrites, hromidee ; 
violet vapour'- Irxlidm; colourless fuming 
ga s - - by dr filed rhlori dee. 

(jr) .Siihlimatc : whito infwiUih-^ areenioi/e 
oxide (octahedra), nnliriionioice oxide 
(needl'-s), eclenium dioxide, nmmonilcm 
r.hlorifJe, ammoninm enlphite (from am- 
monium sulphate) ; white fusible— 
rnerenrie chloride, tellurium dioxide, 
orynnie ncide, Tnolybde.nv.rti Irioxide (at 
iiigh temperatures) ; coloured, black, or 
reddish-black-*- sMcniwrn, mercuric eul- 
phide; yellov/ liot, rerl cold-inercwn'c 
irelide; reddish-yellow* wrscm'oi/s evl- 
phide; yellow*- sidp/iur and eulphidcji; 
black metallic mirror* areenic; ft/cy 
metallicglobules-rncrcnry. These metallic 
sublimates arc obtained more readily on 
heating the material with alkali cyanide. 

Phoephf/rue compiounde, arc detected by 
heating in a elosfd tube with magnesium 
ribbon and dropping the hot tula: into 
water -when inflammable phosphine is 
evolved with characteristic fishy stench. 

(2) flenllny in Open Tvbee, — ^The open lulyj 
l/*ing inclined so ns to promote a nirrrnt of air, 
the changes oh'/rved will not lie exclusively 
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those of jiyrolyids but in many cases will bo 
accompanied by those of oxidation. .Sulphides 
will be oxidised to oxides with evolution of 
milphur dioxide ; selenium and its eomjiounds 
will evolve selenious oxide, ScOj, with pungent 
odour of horseradish and some deposition of 
reddish or grey suhlimalo; nrsonio and its 
derivatives will ho oxidised to arsenious oxirle, 
giving a v/hite suhlimatc, 

(,'{) Heating on Platinum Wne . — The wiro lit 
cleaned hy repented dipping in liydroelilorle 
acid and healing until no colour is imparted to 
the flame. Than n rniniilo fragment of the 
suhntanco is picked up on the end of the wire and 
I introdueed into zone a of the Uiinscn (Intno. 
As a eoloration is jiroduccd only if volatile 
eoinpoundn of tlie metal are present, the suh- 
stnnee should he moistened with hydrochloric 
acid in order to form Iho volatile chlorides. A 
similar rcnult is attained hy mixing the suh- 
ntnnee v/ith moist silver chloride, a eorniioiind 
which while not imparting colour to the (In me 
slowly yields chlorine, thus converting other 
metals into chlorides. Alternatively, fhe mix- 
ture is support'd on a stick of siliceous material 
such as the support of a vertical gas mantle. 
Whatever method of siijiiiort lie adopted 
the Miihstance should ho moved from the cooler 
to the liotter parts of the JJunsen or hlowfiijic 
flames so that deercasingly volatile eonstiliicnts 
may bo revealed succcasivcly. 

Ptame coloratione ; yellow • eodinm ; orarige- 
ri‘A~- calcium; crimeori’- efrontium, lithium; 
lavender'-pofaaaiim, rubidium and ctreium ; 
apple fircon— barium; bright green** Malltum, 
cfipper, boric acid; pale hlue- -/Mr/, areenic, 
antimony; deq» Uue becoming groan copper 
halidc/t; deep blue- eclenium. 

for finer distinctions tiie dircet vision jioekot 
stKictroseofif; is a very useful aid, especially in 
the ewic of the potassium siih-fairiily and that of 
strontium and ealeiiirn which rjxiiihit respec- 
tively a charneU.Tistie blue and a yellowish-green 
line. 

Care should he taken when the eorniiounds of 
ecrtfiin hcftvy metalft siieh os Ag, Cu, Pd, Sn, Sb, 
and As arc present, hecauno these metals hnvea 
disintegrating effect on tho jilatiniim wire, 

(4) llexiling on Charcoal , — The suhstniuri 
mixed with thrice its weight of dry sodium 
carhonatc, or of a mixture of 2 jiarls of sodium 
eartionate and 1 part of jiotassiurn or sodium 
cyanide is jdaced in a small, shallow hole 
scooped out in charcoal and heated in a reducing 
flame- ^felalIic bends arc obtnine/l whieh nro 
examined for colour, malleability, solubility, and 
other properties, f jlrna of oxide also arise wliich 
coat the charcoal at varying distances from the 
flame, Tliese films exhihit characteristic appear- 
ances, They are best seen when the charcoal 
is suf>j)orted on an aluminium plate. A jdeeo of 
sheet ahimmiiim 12 cm. hy b cm. is bent at 
right anglfjs at a diatanec of 2 cm, from one 
end, thus forming a ledge on wiiicli a small 
flat i>fccc of charcoal is mijiporfed so that the 
surface of the metal sheet rises vertically behind 
fhe ledge. Volatile oxides and siiUimafes Jn 
general condense on Ifi this metallic surface. 

Tbc work of the reducing flame is fnrililntcil 
I by adding a fragment of socliurn to (he suhstance 
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supported on charcoal (Parsons, J. Amer. Ch«in. ftlamiiiium; blue fasible= certain pAojpAa/tj, 
Soc- 1901, 23, 1.50). nliailu. borates; gncn=2inc, titanium, Un; 

Reduction effects on charcoal may be obtained pink=«n<i(pies<um. 
by charring a wooden matehstick r*htch has (6) Healing vilh Borax or Microcosmie Salt.~~ 
b^n previously smeared with molten fusion A clear bead is formed by fusing in a loop of 
mixture. A portion of the substance under platinum wire borax, Na,B4O7.l0Hj or micro- 
examination 13 intimately mixed with fusion cosmic salt, Na{NH)4HP04,4Hj0. A small 
mixture and heated on the charcoal split in the amount of the substance under examination is 
reducing flame of the Bunsen burner untd picked up on the bead and heated first in the 
reduction is complete. The charred matehstick oxidising flame (O.F.) aiul then after coohng 
is allowed to cool inside the dark zone, then in the reducing flame (R.F.). The colours of 
withdrawn, crushed in a mortar, and the particles the beads should be noted at each stage and 
lerigated with water when the light charcoal also when hot and cold. Excess of substance 
floats away leaving heavier metaltic particles should bo avoided, otherwise the bead^ becomes 
which may bo further examined by heating on opaque and cloudy. 

asbestos or charcoal in the oxidising flame when These so called borax and microcosmic beads 
sublimate? and incrustations arc obtained. owe their colours respectively to the formation 

Incrustations on charcoal ‘ white crystalline, of certain borates and phosphates of the heavy 
very vol.atile=OM«nie; white, less volatile= metals. The excess of bone oxide present in 
flij/iCTwiy; orangc-ycllowhot, pa]eyelIowcold=i fused borax glass, Na{B40r, unites with a 
(ismutA : pale yeOow hot, deep yellow cold, metalbc oxide forming the corresponding borate 
white (^gc—lead; yellow hot, white cold= which often has a distinctive colour, such as 
nnc, molybdenum: reddish-brown or Orange* blao cobalt borate, C0B4O4. Microcosmio 
yellow coId=cudmium. aalt on ignition changes into readily fusible 

Metallic beads or residues on charcoal : white sodium metaphosphatc which combines with 
matlcabie=atlier, fin, had, red mallcabICB metallic oxides to form double orthophosphates 
copper; grey briltJe=o>i/iJ7ion,v, bumulh; gny which often exhibit distinctive colours auch as 
powder, magnetic^iron, cobalt, nicici: non* theyreen copper sodium phosphate, CuNaP04. 
magnetlc^ffloiyMenum. \A’hena sihcate is mtrodured into the moltenmcta. 

(5) Cobalt A'l/ratsEcactionr — When moistened Phosphate the latter withdraws the basic oxide 
with this reagent and subsequently heated from the former setting free silica which remains 
strongly certain indefinite substances acquire undissolved as the so-called “ silica skeleton ’’ 
charactcristio colours: blue infusibio masss CaSiO,4 NaP0,*CaNaP04+Si0|. 


Borax Beads . — 


Outer llsmc (0 F ) 

loner Hvinc (R F.) 

Metal 

Hot Cold 

Yellow Paler 

Blue Bine 

Violet Reddish-brown 

Amcthjst Amethyst 

Yellow Green 

^’cUow Colourless 

Yellow Colourless 

Yellow Pale yellow 

IVAloM- Cw-xuaV y’rf.lpw 

Yellow Colourless 

Orange red Colourless 

Green Bluish green 

net Cold 

Green Bottle green 

Bluo Blue 

Grey Grey 

Colourless Colourless 

Green Green 

Brow n Brown 

VcUow to Brown 

Green Bottle green 

Brownivh-violct 

Colourless Colourless 

Colourless Brown 

Iron 

Cobalt 

Nickel 

Manganesn 

Chromium 

Molybdenum 

Tungsten 

Uranium 

y>,'ftRsJ.'iVSC 

Titanium 

Cerium 

Copper 


jl/icroco.mic Deads . — ^Tlic colours in the 0 F. sulphur compounds, (li) with fusion mature and 
are simihr to those in the borax bead, but the aulphur a soluble mass giving coloured precipi- 
reducing cflecta are less pronounced. In the tato with dilute acid, ycllowafin; orange= 
R.F. molybdentim compounds give a green antimony. Thus fused insoluble oxides SnOj 
colour ; those of lunysfen a greenish blue tint. and Sb|04 can then be characterised. 

AVhen heated in a microcosmic bead Mlumletl (c) Heating with fusion mixture and nitre 
isith copi>er oxide, chlorides and broiitides evolve (KNO,); soluble green niass=«any»nwc. 
a blue and green flame, whereas ioriides give a yellow mass^cAromtum. 

green flame. (d) Heating in closed tube with potassium 

(7) Special I>ry Test*. — (a) Healing on rhar- bj^rogen sulphate. Gas evolved: carbon 
coal with potassium (or cuprous) iodide and dioxide=earbonofM, oxalates; accompanied by 
sulphur; crimson incrustation=iijm«fA; lemon charring of the residue^farfrolM, citrates, 
jellowincnistalion^frad; grceiiish-blucfQmea=* and many other organic acids; carbon monoxide 
mercury. (bloc jlMne)=/or>nates, oxalates; sulphur 

(b) Heating on charco.xl with (1) fusion mixture dioxidc^^sulpAilss, fAiojnfpAa/es ; hjdrogcn 
alone {NajCO,,KjCOj), and then moistening Bulphide=su/pAidu (not aU); hjdrogcn chloride 
with dilute acid, hjdrogen sulphide e\olved= (fuming in air)=cAfondej (not all); hydrogen 
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Caoride (etching glas3)=/«on<?e«; bromine and ! 
hydrogen bromide— l/rornirh^; iodine- iodide^;' 
nitrous furnes«ni7rite«, ntirates. 

Exajii.vatioit j},- TJiE Wet Way. 

The first essential step in any systematic 
analytical examination is to bring the material 
into solution. A metallic substance is treated 
directly with moderately strong nitric acid, when 
tin and antimony form oxides which to a large 
extent remain undissoived ; arsenic is oxidised 
to soluble arsenic acid, other metals are con- 
•verted into soluble nitrates with the exception of 
gold and the platinum metals — the so-called 
noble metal-i — which arc not attacked. 

If the substance is not metallic it is first 
treated with hot water and if anything diasolves 
(which is ascertained by evaj)orating a few drops 
of extract on platinum foil or on a watch glass) 
the Bubritance is boiled tw'icc or thrice vrith fresh 
fjuantities of rvatcr. Any residue is treated with 
dilute hydrochloric acid and, if still resistant, 
with the concentrated acid. During this 
treatment, gases may Isj evolved which arc 
characteristic thus : carbon dioxi'le (efferves- 
cence) from earbonaiet; sulphur dioxide from 
nvljthilen or thioaulphatef ; chlorine from 
f>eroxideJi or hjpochlorilef ; hydrogen cyanide 
from ei/anide* ; hydrogen sulphide from mlphtdes 
or bypofujpbilef. 

Certain cldorides, such a« barium and lead 
chlorides, are very sparingly soluble in strong 
hydrochloric acid and hence the solution must 
)>o dilute-d before filtering from any residue. 
.Silver, lead, mercurous, and thallous com- 
jKiunds will Ik! converted into insoluble or 
sparingly soluble chlorides. 

Solvent Action of Mineral Acids, — 
Although it Is impossihle to give a hard and fast 
rule as to the mode of applying tlio following 
acidic solvents — hydrochloric, nitric, Kulphuric 
and hydrofluoric acids — yet the following 
c-onsiderations will indicate their relative advan- 
tages (Noyra and Uray, .1. Arner. Chem. Soc. 
}’M7, 29, 1.97,491). 

Hydrochloric Acid. — (I) AdvanUjgfji-. (i) 
solutions in this acid do not dcfy/sit sulphur on 
treatment with hydrfjgcn sulphide; (ii) its 
f-olvcrit action on lead jy.TOxide, manganese 
dioxide, and the hydrated oxidea of tin and 
antimony is superior to that of nitric acid ; 
(iii) hydrated silica is readily pirecipitatcd on 
evajvjrating a solution in hydrochloric acid. 

(2) Jjitadvantaytt : (i) this acid is com- 

paratively useless for alloys ; (ii) evapsiration of 
its solution leads to volatilis-ation of arsenic, 
germanium, mercury, selenium, and tin aa 
chlorides. 

Nitric Acid. — (I) Advanloget: (i) the Wst 
general solvent for metals and their alloys ; 
(ii) oxidi'ca and dissolves insoluble cornp»ounds of 
anjcnic, mercury, and selenium without forming 
volatile derivatives of their elements ; (iii) does 
not cause precipiution of silver, lead, or 
thallium; (iv) oiidisea sulphides not attacked 
by hydrochloric and sulpiburie acids, 

(2) DimdvantagKX •. (i) this acid alters the 
state of combination of many clement“, for it 
oridr-es antimo,niou.s, an.enioua, rnerc-urous, 
ferrous, and stannous salts ; (ii) its solution 


deposits much sulphur on treatment with )iydro- 
gen sulphide; (iii) oxidation of sulphiders in 
presence of barium, strontium, and lead causes 
j.recipitiition of these metals as sulphates ; 
(iv) nitric acid is less efficacious than hydro- 
chloric acid in rendering silica insoluble. The 
nitric acid solution of an alloy v/hen evaporated 
to dryness and heated at 1 20"-! ./O’’ may yield 
partially dehydrated hydroxides of silicon, tin, 
antimony, titanium, and tungsten in an insoluble 
condition. When phosphorus or arsenic is 
associated with tin the insoluble residue may 
contain stannic phosphate or arsenate (phospho- 
stannic or arsenostannic acid). 

Sulphuric Acid. — ^Thc dilute acid is of 
little value as solvent, hut hot concentrated acid 
is useful in certain cases : (i) in bringing certain 
alloys such an white metals into solution ; 

(ii) in the parting of noble from baser metals; 

(iii) in rendering soluble certain refractory 
minerals such as rnonazib;, wluch contains 
phosphates of rare earth metals; (iv) destruc- 
tion of organic matter, v/hen cvaiwration of a 
solution of the sul/stance in concentrated 
sulphuric acid Is preferable to ignition, since the 
latter process renders certain inorganic sub- 
stances insoluble and le-ads to loss by volatilisa- 
tion of such elements as arjcnic, meroury, or 
selenium. Very stable organic Bufsitanccs, such 
as fiaraffin wax arid cellulose, can )xi destroyed 
completely by adding drop by drop a little 
strong nitric acid to the sulpburio acid solution 
until- the latter acrpiires a light ycliovr colour. 
On dilution with 20 to 30 volumes of water Ihi-s 
solution may dejKjsit silica and certain refractory 
silicates and fluosilieates together with sulphates 
of calcium, strontium, barium, lead, and 
insoluble ebromio sulphate formed during heat- 
ing. Moreover, the precipitate may contain 
basic sulphates of bismuth, antimony, and tin, 
the dehydrated oxides of the last two metals, 
and those of aluminium and titanium; (v) in- 
soluble complex cyanides are decomiKised by 
hot concentrated suljihuric acid ; alternatively, 
they may be attacked by arpieous alkali 
hydroxides to yield soluble alkali cyanides and 
insoluble metallic hydroxides. 

Hydrofluoric Acid. — Tlic rrrsiduM left from 
the treatment with the preceding acids are 
next attacked with a 40% solution of hydrogen 
fluoride nov/ obtainable in IxiUlcs ol gutta- 
percha, phenol-formaldehyde renin, or glass 
lined with paraffin wax, (1) AdvanUigen : 
(i) many refractory silicates are rearjily decorn- 
{Kised, the silicon being eliminated completely 
as g,-L“eous silicon fluoride; (ii) providing 
that the solutions are not t-'iken to dryness the 
reducible metals and their conif/ounds may 1/e 
trcatol in platinum VKsels. (2) JJie'idvanlageJi : 
(i) glass and silica ware vessels cannot l<e used 
with this acid ; (ii) its dfstruetive action on 
animal tissues neecfssitates an efficient draught 
eupt/oard for all o|/enition;s involving hydrog'-ri 
fluoride. 

Aqua Regia (concentrated hydroehlorio acid 
3 parts, and nitric .acid 1 part) may be employed 
in attacking substanec-s not dissolved by its two 
constituents taken separately; it is, however, of 
little use for colourlcs.s insolubler*. It readily dis- 
s'/lvcs gold and j/latiuura, but i.s b-ss efficacious 
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in rendering soluble the rarer noble metals such 
as oamium and indium. 

Treatment of Insolubles. 

The substances not readily dissolved by the 
foregoing acidic reagents are generally regarded 
as insolubles, although they are divisible into tao 
clashes : (i) psevdo-insolubJa, vehich are dia< 
solved by special reagents; (n) true iniduUta, 
which are only broken up into soluble compounds 
through the agency of fused alkali carbonates. 

PsEL'Do-J.vsoLUBLEs — Silitr eklonit and 
bromide soluble m aqueous ammonia. All 
three silver habdes are completely decomposed 
with zmc end dilute sulphuric acid, metaUic 
silver end soluble zinc habde being produced. 
Insoluble fluorides of the common and rare 
earth metals are decomposed on heating with 
concentrated sulphuric acid. Lead sulphate 
soluble in ammonium acetate. Oxides of anb* 
wonydissolve in hydrochloric and tartaric acids. 
Anhydrous ehroinie sulphate and basic bismuth 
sulphate when boiled with aqueous sodium 
carbonate are converted respectively into 
hydroxide and basic carbonate. These pro- 
ducts are then dissolved m dilute mineral acids 

Tacn Iksolubles. — T hese substances are 
heated with fusion mucture, that is sodium and 
Meaisiuai earbonatesin raolecularproportions — 
NaKCOj. In the absence of reducible melab, 
such as Silver, copper, lead, or tin, stiicalea and 
insoluble sulphates (those of barium and 
Btiontium) may be heated with fusion mixture 
in platinum vessels. 

Sfolybdeaum sulphide (indicated previously by 
dry tests) which would corrode the platinum 
should be oxidised by adding nitre. Fusions 
from insoluble silicates are treated directly with 
hy drochlonc acid, w hen the metals present pass 
into solution as chlorides, whereas the ailiia is 
rendered insoluble by evaporating the acid Lquid 
to dry-ness. Fusions from insoluble sulphates 
are extracted with water to remove the soluble 
alkali sulphates; the residue (BaCO,. SrCO.) 
IS then (lissohc^ m dilute hydrochloric acid. 
The insoluble silier habdes are decomposed by 
fusion mixture y lelding the corresponding soluble 
alkab habdes; insoluble lead compounds are 
decomposed simJarly. The ignited oxides of 
aluminiuni, antimony, chromium, tin, and 
titanium rank as insolubles, since they are not 
readily attacked by fusion mixture but yield to 
fusion with potassium hydroxide. The oxides of 
aluminium and titanium may be rendered soluble 
by beating with potassium hydrogen sulphate. 

hperial methods for dealing with insoluble 
oxides of antimony, chromium and tin arc 
indicated among the dry teats (7b and c). In- 
soluble compounds (oxides or sulphides) of such 
cosily reducible metals as Ag, Pb, Sn, or Sb are 
all decomposed and reduced to the metallic state 
by fusion with sodium or potassium cyanide. 

When both aqueous and acidic extracts of the 
same substance have been obtained the analyst 
must decide whether these may be mixed or 
analysed separately. The latter course some, 
times gives information os to the distnbution of 
acidic and basic radicals in the original material. 
If the former alternative is adopted it roust he 
remembered that a hydrochloric niid solution 


may cau«e precipitation of lead, silver, thallium, 
and possibly mercury from an aqueous or dilute 
acid solution (H NO] or H]S04). 

Systematic Examination in the Wet 
Way. — In the systematic separation of acidic 
and basic radicals the formation of a precipitate 
at the proper stage is not sufficient proof of 
the presence of a particular substance, and a 
characteristic confirmatory test should alwaj s be 
apphed. The colour of solutions at different 
stages m the analytical operations is a valuable 
indication. Excess of roageols should be 
avoided, but filtrates should alw a} s be tested to 
ensure complete precipitation. Many tests 
succeed only when a due proportion of reagents is 
added, and reagents should always be added very 
gradually. All precipitates which have been 
subjected to the action of solvents should be 
thoroughly w ashed, but in qualitative, as opposed 
to quantitative, analysis it is not generally 
desirable that all washings should mix with the 
filtrate. 

Strength of Beagenis -~ln systematic analysis 
by the wet way speed and accuracy are increased 
by working in an approximately quantitative 
manner. This becomes possible if all the re- 
agents employ ed are made in solutions w hich are 
either multiples or sub multiples of normality. 
The dilute acids (HCl. HNO., HfSO,. and 
CH]CO]H) may conveniently be of 2.Y- 
strength The alkabs (NaOH, Na{COj, 
NH,.H{0, and (NHjljCO]) should then bo 
of the same 2.Y strength. Other reagents 
may be prepared as follows Ammonium 
chloride 4iY- , saturated baryta water, 
Ba(OH}]. j.Y-; saturated lime water 
bromine water ^<Y , ammonium sulphate dA'-, 
and the other reagents so far as possible made up 
in normal solutions. 

The reaction of the original solution towards 
litmus paper should be noted and a portion 
tested for ammonium compounds by heating 
with aqueous sodium hydroxide or by triturating 
m a mortar with soda-hme. 

In systematic qualitative analysis, advantage 
IS first taken of siitir/arittes existing between 
certain metallic radicals which enable these 
radicals to be segregated into a limited number 
of groups, the members of each group being 
subsequently'either separated or identified by 
means of specific differences between the pro- 
perties of the respective compounds of these 
group members. 

In the construction of a scheme of systematic 
analysis for the more commonly occurring 
metallic radicals it has long been the practice to 
divide these radicals into six groups with an 
alternative division into five groups due to the 
circumstance that some analysts prefer to add 
the reagents of Groups III and IV successively 
without an intervening filtration. The latter 
procedure was formerly adopted when the 
conventional reagents « ere etdJ used in a scheme 
of analysis applicable in the presence of the less 
commonly occurring metals. But in more 
modem practice the older procedure with the 
following reagents has been discarded in favour 
of a comprehensive scheme of aiialy sis making 
use of newer reagents as indicated in a sub- 
sequent section of this article (p. 556). 
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Systematic Separation in the Absence of 
the Rarer Metailic Radicals. 

Group I. — Reagent : hj'drochloric acid in 
moderate excess. Precipitate : silver, had, and 
mercurous chlorides. 

Table I. 

White Peecjpitate Boiled with Water. 

Residue : extracted ivith Ejltratc: added 
aqueous ammonia in H2SO4, white 
excess. ppt., PbSO^. 


Pb 

Confirm for Pb 
by dry test or 
with chromate 
and dithizonc 
tests. 


Residue black 

Filtrate 

NHjHgjCl or 

acidified 

NHjHgCI-kHg 

with HNO; 
IwhiteAgCl, 

Hr 

1 Ag 


If the original solution was alkaline the pre- 
cipitate in Group I may contain such sulphides 
as ASjSg, SbjSj, or SnSj, dissolved in aqueous 
alkali hydroxide or sulphide. This yellower 
orange precipitate is examined under Group II. 
The filtrate from Group I precipitates or 
the solution itself in absence of such precipitate 
should bo evaporated nearly to d^mess to 
remove nitric acid, since this oxidising agent 
leads to deposition of sulphur at the next 
stage. 

Group II. — Reagent : hydrogen sulphide in 
acid solution. This is the usual reagent although 
thioacetic acid and sodium thiosulphate have 
been recommended as substitutes for the mal- 
odorous gas. Precipitate : sulphides of arsenic, 
antimony, tin, bismuth, cadmium, copper, had, 
and mercury. The solution must bo dilute and 
only moderately acid ; it should be saturated 
repeatedly with the group reagent. 


Table II. 

Group precipitate washed with aqueous hydrogen sulphide and wanned twice with yellow 
ammonium sulphide, (NH4)2Sx. 


Residue : boiled with dilute nitric acid ( 1 : 4 by vol.) 


Residue : dissolved in 
aqua regia, excess 
of acid expelled. 
SnClj added, white 
ppt. HgjClj. 


Filtrate evaporated to small bulk, 
diluted with cold water, filtered. 


Precipitate 
PbS 04 
soluble in 
CH3-COjNH4.| 

K2Cr04 added. Precipi 


Filtrate : add 


NH4OH. 


PbCrO, 


tatc 

white 

BiOOH; 

confirm 


Filtrate 

blue 


by KCN 

pass 
SHs 
yellow 
ppt. CdS 
confirm 
by dry 
tests. 


Filtrate; acidified with dil. 
HCl; the ppt» boiled with 
aqueous (NHjlHCOj. 

Residue : dissolve 

Filtrate 

in strong HCl 

acidified 

filter from S add 

gives 

to clear solution 

yellow 

strips of Pt and 

ppt. 

Zn, black stain on 

ASjSg 

confirm 
by dry 

Pt denotes 

Sb 

tests 

Zn dissolved in 
HCl and HgClj 

As 

added, white ppt. 
HgjClj becoming 
grey (Hg) denotes 

Sn 



In the separation of As, Sb, and Sn by 
{NH4)HC0 3 some SnSj dissolves and is re- 
precipitated by acids ns a white oxysulphido. 
Boiling with cone. HCl effects a separation by 
dissolving the Sn and Sb sulphides, leaving nearly 
the whole of the ASjS, undissolved. 

The filtrate from the foregoing sulphides should 
be examined thoroughly ns to the complete 
precipitation of all metals of anntytical Group II. 
Cadmium is not completely precipitated as 
sulphide if the solution is too acid, and if quin- 
quivalent arsenic is present the reduction 
necessary to produce AsjSj is not readily 
occasioned by hj-drogen sulphide. If arsenates 


are suspected they should be reduced by 
boiling with sulphurous acid or a soluble iodide 
in acidified solution before the passage of 
hydrogen sulphide. When these precipitations 
arc complete the solution should be boiled to 
e.xpel hj'drogen sulphide and any iron present is 
oxidised by addition of nitric acid or bromine 
water. If organic matter be present it is 
destroyed either by evaporation to drjmcss or by 
treatment with hot sulphuric and nitric acids 
(c. supra). As silica and barium sulphate may 
be deposited at this stage any colourless pre- 
cipitate should bo collected and examined 
separateli' for these insolubles (q.v.). A portion 
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of the oxidised solution should now be tested for 
phosphate with nitric acid and ammooiam 
mohbdate, «hen a yellow precipitate of am- 
momum phosphomolybdatc indicates the 
presence of this acid radical and thus determines 
the subsequent procedure. 

Gboit III. — Reagents • Ammonium chloride 
and ammonium hjdroxide. Preeipitatei (o) In 
absence of phosphates : A^roTideso/aluminium, 
chromiitm, and iron. Some manganese, *inc, 
and smaller amounts of alhaline earth metals 
may bo co precipitated. ( 6 ) In presence of 
phespbaCes ; fhoaphaleiofalttmtnttem. chromtunty 
and iron with those of Groups IV, V, and 
tnaffnesium. With excess of ammonium chlortdc 
some of the zme phosphate niaj remain m 
solution. 

Table III (a). 

(Phosphates absent ) 

To the filtrate from Group II after boiling off 
SHj and oxidising with HNOj are added 
NH 4 CI and NH^OH. Precipitate, hydroxidet 
of alumtnium, chromtum and iron The mixed 
precipitate is wanned n ith excess of sodium per* 
oxide and filtered. 


Residue: FejOj.zHjO Filtrate: di\ided into 
possibly containing 2 parts : 

some MnO«.zH}0, (1) boded with excess 
dissolredindd. HCi of NH 4 Ct, white 

and confirmed for gelatinous ppt. 

iron by adding AI(OH)). con. 

K^FefCN),. Blue firmed by dissolving 

ppt. Fe Fe also m dil. HCI and 

confirmedbyKCNS appljtng aurin test, 

red coloration, (v. infra] red lake, 

A1 

Fe Also blue mass viith 

ColNOjlj on char* 
coal 

(J) Acidifieil nith dil. 
CH, COjH and 

Pb(CHj-COj), added, 
yellow ppt. PbCrO,, 
Cr 


The aluminium is confirmed by dissolvmg its 
gelatinous hydroxide in the mmimum of hydro- 
chloric acid and adding ammonium aurintn- 
carboxylatefoJuminon), which furnishes a bright 
red lake. Confirmatory tests for chromium and 
iron are described in the special reactions for 
there metals. 


Table 111 (h). 

(Pbosphates present ) 

If the original solution uas acid, this group precipitate may include any phosphates insoluble 
in neutral or alkaline solutions. 


Tlie sodium peroxide scp.tratioti applied to one- 
third of the precipitate. 

Remainder of croup ppt. dissolved m 
dilute bydrochlonc acid, solution almost 
neutralised with Na^CO, and treated sue 

1 

1 Residue: FePO^ dis- 
soiled m hydrochloric 
acid and coiifiriscd as 
in III (a) for 

Filtrate 

( 1 ) Add ammonium 
chjontio and bod, 
AlPO, confirmed 

cc« 8 ive)ywithCH,CO,NH 4 ,CHs-CO,H 
and FeOj until no further preeipiia 
tion. The deep red mixture is mwied and 
filtered hot. 

Fe 

1 

! 

for Al as in lll(a) 
( 11 ) Yellow solution 
confirmed as id 
111 ( 0 ) for 

Cr. 

Precipitate' FePOi 
and baste feme 
acetate neglected. 

Filtrate ixamined 
for metals of 
groups IV’ and V’ 
and for Mg. 


In the foregoing separation the phosphoric Preciinlate: tvlphidea of cobalt, manyant$e, 
acid may alternatively be removeil by evaporat- mclef, and xinc (see Table I^^) 
mg the filtrate from Group II to dryness with The black nickehc hydroxide is di«solved in 
nitric acid and granulated tin n hen the insoluble dilute hydrochloric acid and nickel confirmed 
residue consists of metastannic and phospho by dimethylglyo.xjme (red precipitate). Cobalt 
stannic acids. Phosphoric acid may also be may be confirmed by a nitroao-^ naphthol (red 
separated as bismuth phosphate. BiPO, cobaltic lake) or by sodium nitroso-^ naphthol- 
(Keschan, Z. anal. Chem 1025, 65, 340). To 3 6-d;sulphonate (nitroso R-salt). 
this end, feme iron is reducetl tilth hydrazine A quicker separation of Group IV sulphides is 
hydrochloride and solid bismuth oiynitmte, effected by digesting them tnth cold dilute 
BiO-NOj. is added to the feebly acid solution hydrochloric acid (1:20), when zinc and 

Tlio clilormo and phosphate ions are re- manganese pass into solution letting nickel and 

motet] so t/iaf only J mg. of PjOj remains per cobalt aulphides unduc^ohcd. Btif grneraUjr 
litre. appreciable traces of the last two metals are 

Crocp IV. — Reagents: ammonium sulphide found in the filtrate. The rest of the separation 
or preferably hydrogen sulphide and ammonia, is as shown in Table IV: 
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Table IV. 

Hvdrogen sulphide is passed into the ammoniacal filtrate from Group III. The precipitated 
sulphides washed and dissolved in hydrochloric acid with addition of KCIO3. Solution evaporated 
to remove excess of acid and excess of NaOH solution added. 


Precipitate: Hj'drons oxides of Mn, Ni, and Co. Dissolve 
in HCI, partially neutralise with NHj.HjO, add excess of 
CH3-C02NH4 and pass in SHj. 


Precipitate: apply borax test: if bead is 
sherry colour N i only is present. If bead 
is blue dissolve ppt. in HCi+KCIOa, 
boil oS excess of acid. Nearly neutralise 
with NaHCOj, boil with excess of 
KCN, add either NaCIO or Brj.HjO 
and NaOH and filter. 


Black ppt. wash and 
apply borax test, 
Ixxid sherry, 

Ni 


Evaporate to dry- 
ness, apply borax 
test, blue, 

Co 


Filtrate : add N H3 
and pass SHj 
pink sulphide, 
MnS. Fuse 
with KNO 
green 

(manganate) 

Mn 


3' 

mass 


Filtrate ZnfONa),. Pass 
in SHj white ppt. ZnS. 
Ignite on charcoal ZnO 
yellow to w’hite oxide. 
Add Co (N 03)2 ignite 
again, green mass, 

Zn 


Ghocp V. — ^Reagents: ammonium carbonate and ammonia. Precipitate: barium, slronlium, 
and calcium as carbonates. 


Table V. 

To the filtrate from Group IV are added ammonia and ammonium carbonate ; the solution is 
warmed, not boiled. The group precipitate is dissolved in dilute acetic acid, and if the flapie 
test gives a green, confirm for barium by adding K2Cr04 and filter. If no barium, test at once for 
strontium and calcium. 


Yellow precipitate : wash, dissolve 
in HCI. Add dilute H2SO4. 
VTiite ppt. BaSOj, 

Filtrate: add 8A’'-(NH4)2S04 and a little NH3,H20; 
boil for 5 minutes ; filter. 

Ba 

White precipitate : wash 

Filtrate: add (NH4)2C204 


and apply flame test. 

white ppt. CaC204,H.20. 


Crimson flame, 

Flame test, brick red. 


Sr 

Ca 


Owing to their close rela^tionship, a sharp 
separation of these three metals is very difficult. 
Braj' (Tech. Quart. 1908, 21, 450) recommends 
an alternative process starting from a group 
precipitate which contains magnesium as 
MgC03(NH,)2C03,4H20, deposited on using 
ammonium carbonate in presence of alcohol. 
This precipitate is dissolved in 20 c.c. of 30% 
acetic acid, solution neutralised with ammonia, 
rcacidified with 3 c.c. of acetic acid, diluted 
to 40 C.C., 10 c.c. of 20% potassium chromate 
BI0WI3' added and the mixture boiled for 2 
minutes ; j-ellow precipitate (BaCrO^). To 
filtrate 3 c.c. of ammonia are added, diluted 
to CO C.C., 50 c.c. of 95% alcohol added ; after 
10 minutes, yellow precipitate (SrCrO,). To 
the filtrate 200 c.c. of water are added, the 
solution boiled and 40 c.c. of 4% ammonium 
oxalate added ; after 10 minutes, white pre- 
cipitate (CaCjO^). From the final filtrate 1 
magnesium is precipitated as the crj-stalline ' 


Mg(NH4)P04,6H20 on adding ammonia and 
sodium phosphate. 

Gkoup VI. — A portion of the filtrate from Group 
V examined for magnesium as in the foregoing 
test ; the remainder evaporated to dryness and 
i^ited to expel ammonium salts. The residue 
dissolved in a small volume of water and tested 
separately for potassium and sodium, Table VI. 

Ammonium salts must be removed by ignition 
because they generally interfere with the tests 
for potassium, but iconogen, sodium 1-amino- 
2-naphthol-sulphonate in 5-10% solution gives 
with the same strength of potassium salt 
solutions a colourless crystalline precipitate but 
does not precipitate an ammonium salt. 

Sodium bismuthothiosulpbate furnishes a 
j-ellow precipitate of K3Bi(S203)3 ; picric acid 
and sodium hydrogen tartrate also yield 
characteristic precipitates with potassium salts, 
but these three reagents give similar pre- 
cipitates -with ammonium salts. 
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Filtrate from Group V now containing excesa of ammonium salts and ammonia is di\ ided into 
two unequal parta. 


The original solution 

(!) Smaller portion 1 

(2) Larger portion : 

boiled with NaOH or 

add NH,CI. NH«OH 


ground up with soda 

and Na^HPOf. colour- 

Apply flxmo test for Na and K, 

lime, NH, evolved 

less crystalliite precipi- 

confirm by ilissohiiiu residue in 

Ammonium (NHj) 

tate, Mg{NH 4 )P 04 . 
6H,0, 

small bulk of water : add 

salts, 

( 1 ) H«PtCI, — \ellow ervst. nut . 

NH 4 . 

Mg. 

KjPtCI,. 

(i(a)) NajCo(NOj)j, yellow ppt., 

K 

( 11 ) Add to another portion, 
KjHjSbjOf — colourless cryst. 
ppt, NajHjSb.Oj.eHjO. 

(11 (a)) Nickel uranyl acetate — yellow 
ppt. 

NaNi[(UOj) 3 (CH, CO,),] 6 HjO 
Na 


CnOLP Separations in the Presence 
or THE Rarer Metals. 

In the presence of the less commonly occiirnng 
elements the group separations tabulated 
obovo require consiaerablo modidcation. but 
with the addition of a few new procedures 
they ha\-e proved sufficiently elastic and com- 
prehensive to eer\ e as a basis for the identifies 
tion and characterisation of all tho known 
metals and metalloids. The systematic work- 
ing out of this corapbeated analvtical problem is 
Iirgel^ duo to A. A Noyes and hia coUaboralor 8 > 
and lor exact working details reference should 
be made to their original memoirs (J. Araer. 
Chem. Soc 1007. 29. 137; 1908. 30. 481; 
1909,31.011,023; 1912,34,600; Bray, Tech. 
Quart. 1908,21.450). 

At fir<t these workers retained the old classical 
Fcpirntions, with the result that most of the 
nrer elements were precipitated by the well 
known reagents (v t’lpra) of analytical Croups 
II, III, and IV, but m the original scheme 
devised by Nojes, Groups III and IV were 
merged into one, so that it is chiefly in this 
comprehensive group that the additional com- 
Iications arc encountered The following is a 
nef outbne of the older methods of separation as 
adapted to the rarer elements. The numbers of 
the analytical groups hate the same meaning as 
in the foregoing tables. 

Group I. — In addition to mercurous, silver, 
and lead chlorides, the precipitate may contam 
thallous chloride and tungstic acid. The former 
b extracted with hot water, any lead pre- 
cipitated from the extract aa sulphate, tbe filtrate 
treated w ith potassium iodide gives yellow 
thallous iodide, Til^fAo/fium. Hydrated 
tungstic acid precipitated by hydrochlonc acid 
from alkali tungstate remains undissolved 
and is separated from silver and lead by fusion 
with alkab carbonate. Tbe aqueous filtrate 
contains alkali tungstate which on boding with 
tine and hydrochloric acid develops a blue 
coloration=funj»f«n. 


Croup II.— Hydrogen sulphide in acid solii- 
tion precipitates Kclcnmm, tellurium, molyb- 
denum, gold, and platinum metals. Extraction 
of the group precipitate with yellow ammonium 
sulphide brings the greater part of these elements 
into tho tm sub-group, but not wholly, for 
appreciable quantities of molybdenum, gold, 
rhodium, palladium, and some ruthenium remain 
among toe insoluble sulphides of the copper 
eub-group. 

A. Copper Sub grovp —The precipitate boiled 
with dilute nitnc ncid (1 vol HNO,, epgr. 
120; 5 voU. H^O) dissolves partially, the 
solution contoins lead, copper, cadmium, and 
bismuth. Tbe residue, which retains mercury, 
gold, platinum metals ond i\ trace of tm, is 
oxidised with bromine water, potassium chloride 
and hydrochloncacid are added, and the solution 
concentrated. A yellow crystalline precipitate, 
KjPtClj=piarini'm. For osmium, palladium, 
rhoilium, end ruthenium, which may be present, 
see special tests under these metals, p. 678. 
Excess of acid is expelled from filtrate, which 
is then rendered alkaline and boiled w ith excess 
of oxalic acid; brownish black precipitate^ 
gold. Rhenium, which is precipitated in Group 
II as Rh{S„ finds its way into the copper sub 
group, since this sulphide is only slightly soluble 
in ammonium sulphide. For apcciat tests, tee 
under Rhenium (p. 677) 

B. Tm Subgroup — From the ammonium 
sulphide solution, dilute acid prcci]>ita(ca 
sulphides which are digested with boiling con- 
centrated hydrochloric acid ; the solution 
then contains tm and antimony; the residue 
which retains arsenic and tho rarer elements is 
dissolved by hydrochloric acid and alkali 
chlorate and the solution concentrated to 
rrystalluation : yellow precipitate, K|PtCI,«= 
flalinvm. For indium and a trace of ruthenium 
which may be present, tee special tests under 
these metals, p. 678. The filtrate treated 
successively with ammonia and magnesia 
mixture (MgClj.2NH,Ci witn NH,OH) 
yields colourless crystals, Mg(NH 4 )As 04 , 6 HjO 
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— arsenic. After evaporating to remove 
ammonia the filtrate is boiled with oxalic acid, 
brownish-black precipitate [goU) extracted with 
hydrochloric acid to dissolve out co-precipitated 
tellurous acid. The total filtrate is concentrated 
with strong hj’droehloric acid and after removing 
precipitated potassium chloride treated with 
slight excess of sodium sulphite, red precipitate 
= selenium. The filtrate is diluted and treated 
successively with potassium iodide and solid 
sodium sulphite (excess), the double iodide 
K 2 Telj is reduced, giving black precipitate 
^tellurium. The final filtrate boiled with hydro- 
chloric acid to expel sulphur dioxide is then 
cooled and treated successively with 10% 
potassium thiocyanate and stannous chloride 
(or metallic zinc), red coloration (MolCNS)^) 
soluble in ether= molybdenum. Germanium, 
the nearest analogue of tin, is precipitated as 
GeSj and being soluble in ammonium sulphide 
passes into the tin sub-group. (For special 
tests, see under the metal, p. 571.) 

Groups III and IV. — After boiling to expel 
hydrogen sulphide, the filtrate from group II 
is treated with moderately strong ammonia, the 
colour of the precipitate being noted. The 
ammoniacal mixture heated nearly to boiling is 
treated with ammonium sulphide or if nickel is 
present with hydrogen sulphide. In presence of 
vanadium, the filtrate from these sulphides is 
violet-red and on adding hydrochloric acid brown 
vanadium sulphide is precipitated. The acid 
filtrate is boiled to expel hydrogen sulphide and 
treated with ferric chloride and ammonia to 
precipitate last traces of vanadium. The 
presence of this metal in the sulphide and ferric 
hydroxide precipitates is confirmed by dissolving 
in nitric acid (sp.gr. 1'20), dilating, and adding 
hydrogen peroxide, an orange-yellow coloration 
= vanadium. The group precipitate is dissolved 
in hydrochloric acid (sp.gr. 1'12) with addition 
of nitric acid or bromine water; the solution 
boiled with hydrochloric acid to remove nitric 
acid and evaporated to dryness in a platinum 
dish with 40% hydrofluoric acid. An insoluble 
residue from the aqueous extract indicates the 
fluorides of rare earth metals, including scan- 
dium, yttrium, thorium, and some fourteen 
others. These insoluble fluorides are decom- 
posed by hot sulphuric acid and special tests 
for the rare earth metals are applied to the 
solution of sulphates {see Ceriu.m ; Rare 
Earths, etc.). 

The aqueous extract containing the soluble 
fluorides of all other metals of Groups HI and 
IV is evajjorated down successively with 
hydrochloric and nitric acids ; the nitrate solu- 
tion is treated successively with caustic soda 
solution, dry sodium peroxide, and aqueous 
sodium carbonate, a procedure which separates 
the whole group into two sub-groups with 
filtrate A and precipitate B. This method is 
valid even in presence of phosphates. 

Sub-group A . — The aluminium sub-group 
may contain sodium aluminate, beryllale, 
chromate, poruranate, vanadate, and zfneate. 
This alkaline solution may' also contain gallium, 
its hydroxide being soluble in aqueous caustic 
soda; indium hydroxide is peptised by this 
alkali but largely reprccipitated on boiling. 
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Solution A is acidified with nitric acid (sp.gr. 
1-42), diluted considerably, treated with sodium 
hydrogen carbonate in moderate excess and the 
mixture heated in a stoppered bottle. The 
precipitate A, containing aluminium, beiyllium, 
and zinc (with gallium and traces of indium) is 
dissolved in hydrochloric acid and the solution 
rendered ammoniacal. Zinc remains in solution 
whereas the hydroxides of the other metals are 
precipitated. These hydroxides are dissolved 
in strong hydrochloric acid, ether (I-S vols.) 
is added and the cooled solution saturated 
with hydrogen chloride, colourless crystalline 
precipitate (AICl3,6H20)=a(«?n!nti£n!. The 
ethereal filtrate may now be tested specially for 
gallium, which may be removed as 

Ga4[Fe(CN),]3 

{see special tests p. 568). The ethereal filtrate is 
evaporated to remove solvent, treated with 
ammonia, any precipitate is dissolved in 10% 
sodium hydrogen carbonate, the solution 
saturated with hydrogen sulphide, the filtrate 
from sulphide, which may include traces of 
ln 2 S 3 , is acidified, boiled, and rendered am- 
raoniacal when a white flocculent precipitate 
Be{OH)^— beryllium (confirmed by quinalizarin 
test, see under special tests p. 566). 

The filtrate from precipitate A (containing Al, 
Be, and Zn) is acidified with nitric acid and just 
neutralised with caustic soda ; 2 c.c. of nitric 
acid (sp.gr. 1-20) and 20 c.c. of 20% lead 
nitrate are added, yellow precipitate, PbCr 04 = 
chromium. The remainder of the lead is now 
removed by hydrogen sulphide, excess of this 
gas boiled off, and the solution treated with 
bromine, excess of which is also removed by 
evaporation. After neutralising with ammonia, 
the solution is treated successively with 5 c.c. of 
30% acetic acid, 2 g. of ammonium sulphate (or 
nitrate) and 2 g. of sodium phosphate. On 
heating the mixture to boiling, a white precipi- 
tate, U 03 (NH„)P 0 uranium. 

It will be seen from the group separation with 
ammonium sulphide that vanadium remains in 
solution ns ammonium thiovanadate from 
which vanadic sulphide is precipitated on 
acidification. But in the presence of con- 
siderable quantities of other metals yielding 
sulphides in ammoniacal solution some vanadium 
may be co-precipitated and this portion re- 
appears in the final filtrate from ammonium 
uranyl phosphate. This solution rendered am- 
moniacal is successively saturated with hydrogen 
sulphide, acidified with acetic acid, and boiled, 
dark brown precipitate, y ^^=vanadium {see 
also special tests p. 573). 

Sub-group B . — This precipitate B may contain 
hydroxides and phosphates of iron, manganese, 
cobalt, nickel, zinc (traces), indium, thallium 
(tervalent), titanium, zirconium, niobium, and 
tantalum, together with calcium, strontium, 
barium, and inagnesium as carbonates and 
phosphates. These precipitated hydroxides, 
carbonates and phosphates are dissolved in 
hydrochloric acid, the solution evaporated with 
strong nitric acid and treated with 0-5 g. of 
solid alkali chlorate, brown precipitate= 
manganese. A portion of the filtrate is tested 
for pho.sphoric acid and if present the remainder 
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ii treated with ammonia until nearly alValioe, 
then boiled with feme chloride and ammonium 
acetate. The filtrate contains the common 
mctala of Groups IV and with magnesium 
(apply ordinary tests). The precipitate, which 
consists of the hydroxides, phosphates, and 
basic acetates of iron, indium, thallium (tnadic), 
titanium, zirconium, niobium, and tantalum, u 
dissolecd in hydrochloric acid (sp gr. 1'12) and 
the solution shaken with an equal Tolume 
of ether. The ethereal extract contains feme 
and thallie chlondes; the hydrochloric acid 
solution retains indium, titaniurn, zirconium, 
niobium, and tantalum. Excess of and » 
boiled oS, the solution almost neutralised with 
ammonia and treated with hydrogen sulphide, 
yeUowprecipitate, lnfS^==t?tdium(HealMapcci»i 
teats p. 568) The excess of hydrogen sulphide 
is boiled off and the solution concentrated with 
sulphuric acid to destroy chlorides ; the residue 
taken up with water and treated with hjdrogcn 
peroxide, and subsequently with sodium phos* 
phate, orange yellow coloration=<ituaium , 
white floceulent precipitate, Zr{OH) P04= 
aiTcanium. Filtrate reduced with sulphurous 
acid when a white floceulent precipitate confirms 
fifunium. These separations arc complicated 
by the presence of niobium and tantalum The 
four precipitated hydroxides of Nb, Ta, Ti, 
and iar nay be boiled with dilute solution of 
sodium sahejiate and salicylic acid when 
hydrated titama becomes dissolved The 
residue is washed with h>drofluonc, nitric, and 
Bulpiiuric acids and then fused with potassium 
carbonate. A cold water extraction of the melt 
dusolves out the two complex potassium salts, 
K|Nb,Oj) and K|Ta(Oj|. On boibng this 
solution with an acid, hydrated Nb^Oj and 
Ta.Ot arc precipitated, these arc cbssolved id 
hj (fronuoric acid and tbs solatioa concentrated 
until K.TaF, crystalLses^tontalum A 
portion of the hydrated oxide mixture boded 
With zincand b} drochloncacid, when blue colora* 
tion indicates niobium, ^'jobiuni and tantalum 
may bo separated by a diflcrential hydrolytic 
dissociation of oxaloniobic and oxalotantalic 
acids in presence of tannin in a solution slightly 
acidified with oxalic acid. Tho tantalum 
precipitate is light brown, but if contaminated 
with niobium it is red. Titanium, however, if 
present, also giies a red colour (Schoejler 
el at, Analvst, 1925, 60, 485; 1928, 53, 2M, 
565 ; 1930.61,806). 

Zirconium minerals contoin varying amounts 
of hafnitira, some sources including aa much as 
30% of HfOj. This oxide or its deriTOtivcs are 
quite commonly present m commercial zirconium 
compounds to the extent of 1%. Throughout 
the preceding analytical process hafnium will 
accompany zirconium because the two elements 
are so veiy similar that they are separated only 
by specuf means (c. HAmicil p 571). The 
greater volatility of the tetrachloride, HfCl4. 
the more sparing solubibty of the oxychloride. 

Hf40jClj.5H40, 

and the greater solubditv of the barno* 
fluorides. (NH4),HfF4 and' KjHfF*. are in- 
dicated as offering methods of fractional 
sejiaration 


Gsodts V AHD VI. — In the presence of the 
rarer ulkab metals, lithium, rubidium, and 
cxsium.itis preferable to precipitate magnesium 
m the calcium group. The filtrate from 
Groups HI and IV concentrated to about 1 0 c c. 
is mixed with 30 c c. of 20% ammonium 
carbonate and 30 c c. of 95% ^cohol. Pre- 
cipitation is complete in 30 minutes, magnesium 
bemg present as the double carbonate 
MgCOj.(NH4)jCOj.4HjO. 

The further treatment of this group precipitate 
has been already described under Group V 
(r. p. 553), and aa an additional confirmatory 
test for magnesium its blue lakes with qumali- 
zannor with tnagneson (p-nitrobenzeneazoresor- 
cinot) may be employed. The filtrate is eva. 
pornted to dryness and ignited ; the residue 
extracted with 10 c.c. of water and to one-third 
of the extract are added 0 5 c.c. of 10% caustic 
soda and 2 c.c. of 10% sodium phosphate, the 
solution b then boiled and mixed with 1 c c. of 
alcohol, a white precipitate (Li}P04)=i>fA>u)'i, 
After removing lithium either as insoluble 
fluoride uith ommoniacal ammonium fluonde or 
if present as chloride by means of acetone or 
other suitable organic solvent, one portion of the 
solution, contaming the remaming alkali 
metals is tested for sodium by potassium 
pyroantiroonate or by magnesium or zinc uranjl 
acetate and the other portion for pofassiuaj, 
rubidium, and cssium. These three allied 
metaU give characteristic crystalline per- 
chlorates with perchloric and, platiniihlondes 
with HjPtCIt, and double nitrites with sodium 
cobaltinitritc. They are further separated 
through the bismuthonitntes, since 
RbjNaeiiNO.). and CS|NaBi(NOt)| are 
only slightly soluble, whereas the corresponding 
potassium compound is readily soluble. Cesium 
can be largely separated from rubidium through 
the sparingly soluble, white, crystalline, complex 
salt, 3CsCI,2SbCli, Bince rubidium is nut 
appreciably precipitated by antimony trichloride 
under similar conditions. After removing 
antimony as sulphide the solution is evaporated 
to dryoess and treated with saturated sodium 
hydrogen tartrate solution. The crystalline 
precipitate will bo RbHC|H404, which may 
contain some potassium salt, KHC1H4O4. 
To confirm rubidium, this preeijutate is digested 
m the cold with aqueous OA'-sodium nitrite. 
The extract is treated with saturated 
BifNOjlj.SHjO in O.V-acetic acid, yellow 
crystalline precipitate=»Ti5«ifium. Cxaium is 
confirmed even in dilute solutions by adding *V- 
ailicotungstic acid when a fine white precipitate 
of Ca^Si WJ1O41 is deposited. 

For preewe working details regarding the 
detection and identification of the rarer elements 
in accordance with the well establisned separa- 
tions into the classical six groups, reference 
should bo made to " Qualitative Chemical 
Analysis," by R. V. McAlpino and B. A. Soule 
1933. 

Ak Altehsative System of Quautatite 
Axaltsis ivcludino the Rarer Elements. 

inrecent years Noyes and Bray hav cdevelopeU 
a new system of qualitative analysis which 
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Distil with 9A^-HBr. 

Distillate: Selenium Group. Se, As, Ge. 

Residue in Flask. Distil successively with HNO3 and 
HCIO4. 

Distillate : OSO4. 

RUO4. 

Residue: Dilute with 12N-HCOOH and boil. 


Pbecititate. 
Tungsten Group. 

Sb, Sn, W, and most 
of Mo. V and Te 
may also be carried 


Tantalum Group. 

Ta, Nb, and most 
of Ti, Zr, and Bi 
may also appear 
here. 

Gold Group. 

Hg, Au, Pt, Pd, and 
possibly I rand Rh. 

Any unattacked 
material. 


Filteate : Concentrate and remove any alkali perchlorates. Add 
H Br to filtrate. 


Peecipitate. Filteate: Adjust acidity to 0'3N. Pass in HjS. 

Thallium 
Group. 

, Peecipitate. Filteate: Test portion for Fe and 

Tellurium To rest add CH^-COaNH^ 

most of Pb. and Fe(NOj)3. Boil, filter, and 


Tellurium 

Group. 

Te, Mo, Re, 


add NH^OH and HjS to filtrate. 


Pb, Bi, Cu, 
and Cd. 


Peecipitates 
as hydroxides, 
sulphides, or 
phosphates. I 

Gallium. | 
Aluminium 
Group. 

Cr, U, V, 
Al, Zn, 
Be. Also 
W if phos- 
phate pre 


Filtrate : Evapo- 
rate, add NH4OH 
and EtOH. 


Precipi- 

tate. 

Alkaline 

Earth 

Group. 

Ba, Sr, 
Ca, Mg. 


Filtrate. 

Alkali 

Group. 

Li, Na, 
K, Rb. 
Cs. 


Nickel and 
Zirconium 


Mn, Co, Ni, 
In, Zn, Zr, 
Hf, Ti. 

Rare Earth 


Sc, Th, In, 


includes most of the elements ; many new 
reagents are employed and an elaborate scheme 
of group separations has been devised. The 
method requires a considerable amount of 
technical skill in analysis and consumes a fair 
amount of time. Only a very brief outline can 
bo given hero and for further details reference 
must be made to the text book eompiled by 
these authors. 

Section 1. Preparation of the Solution. 
— ^The finely divided sample is first tested for 
organic matter, ammonia, and for volatile 


acids. If the first named is present it must be 
destroyed and this is preferably done by heating 
on a steam bath with 91Y-HCIO4 and nitric 
acid. (For the precautions necessary, see 
Section 16 p. 563.) The mixture is finally con- 
centrated to 1-2 c.c. and should contain" about 
1 g. of the ash. 

This material, or the original substance if no 
organic matter is present, is heated with HBr 
under a reflux condenser from the top of which 
leads a delivery tube into a test-tube containing 
bromine water to trap any HjS or HjSe 
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c\oUn1. If after some minutes’ boilmg the 
sample Ls not all dl^^solved, a few drops of 
bromine are added and heating continued on a 
steam bath. Any residue is now filtered ofl 
and the filtrate caught in a 50 c c. distilling fiaak 
with ground glass stopper carrying a 8afet3' 
tube ; the long side arm of the fiask b bent at 
right angles. 

The unattackod material b treated in a dbh 
with H N Og to remove bromine and the mature 
taken to drjness It is transferred to a platuinm 
dish, digested with a little 27N.HF on a ateam 
bath for | hour, HCIOg and HNOg added and 
the dish heated until fumes of perchloric acid 
appear It is kept at this temperature until a 
clear solution b obtained or, otherwise, for t 
hour, the volume of Lquor being kept at about 
2 cc by addition of HCIOg. Finally the 
mixture is taken to dr^mess and the residue 
transferred with the aid of a Lttle water to the 
distillation flask contaimng the HBr eolution. 
This solution b now used for the group separa. 
tions given in Table 1. 

Section 2. Selenium Group. — The HBr 
solution in the distilling flask is heated until 
only about See. remam, the distiUate being 
collected in the onginal test-tube containing 
bromine water. The contents of this tube are 
anal^-sed for Se, As, and Ge by reducing free 
bromine with metabisulphitc and then adding 
NHjOH HCI. Red precipitate turning black 
on heating«>8e. Araenio and germatuam are 
separated by precipitating the former with 
HgS in the presence of HP. Removal of 
the HP and retreatment with HjS (eolution 
must be about 6.V) now precipitates wlute 
OeSg. 


Sections. Osmium Group. — TotheLquor 
to tbedtslilling flask is added O.V-HNOj(7c.c ), 
while the side tube is inserted in a test tube 
containing ice-cold 6.Y-NaOH. The flask b 
gently heated until bromine has been evolved, 
cooled in ice, and NagOj powder added until 
the solution is colourless or until a bulk of 1 c.e. 
has been added. About 4 c c. of liquid b now 
distilled off, when a j ellow to orange solution 
in test tube denotes Os. Confirm by adding 
EtOH, filtering if necessarj-, and saturatmg 
slowly with HjS. Black. precipitate=Os. 

9.Y-HCIOg IS now added to the flask and 
distiUstion continued with a fresh test-tube 
containing sodium hydroxide as before. Red 
distiUate^Ru (ared precipitate mayappeardue 
to volatilisation of mercury and must ^ filtered 
off). Ru IS confirmed by adding EtOH when a 
black precipitate forms on standing 

If the original substance contained organic 
matter then Os and Ru will have been expelled 
in destroying this. 

Section4. Separation of Tungsten, Tan- 
talum and Gold Groups. — Even in the absence 
of Os and Ru it is necessarj* to heat with 
HNOg and HCtO, in order to convert bromides 
to perchlorates orhj droxides so th-it,on dilution, 
the W and Ta ^ups arc more completely 

f iecipitated. Dilution is actually made with 
Dcc.ofl2.V HCOOHand the mixture boiled 
under a reflux condenser for J hour, whereby 
the gold group metals are auo precipitated, 
m addition, this treatment reduces MnO,, 
VgOg. and chromates which might produce 
precipitates at this stage. The separation of 
these various groups from one another and from 
any uoattacked material is given m Table 2. 


Table 2. 


Boil with 12.V-HCOOH. 

pRECiriTATE : Oxides of W and Ta groups Au group metaU. AgBr 
Sulphates of Pb, Ca, Sr, Ba, Cr, and other unattached material. Digest 
with HP on steam-bath, dilute, and filter. 

Filtrate. 
Anaijse for 
all other 
groups. 

Filtrate. 
Tungsten Croup 
Sb. Sn. W, Mo 
(V and Te) 

Tantalum Group. 
Ta, Nb, Tl (Zr. 
Bi). 

See Section 6. 

Residue : Au groupmetals. PbPg, CaPg. SrPg, Ba and Cr sulphates 
and unattached material. Boil with NagCOg Filter and reject 
filtrate. Treat residue with HCIOg. 

Residue: Au group metals. AgBr Crg(SO|)g Vn* 
attacked material. Heat with aqua regia and HNOg. 
filter. Extract residue with hot NHjOH. 

Filtrate. 
Pb. Ca, Sr, 
Ba. 

Analyse for 
these. 

Filtrate. 
Gold Group. 

Extract. 

Add HOAc. 
IVhite pnt, 
AgCI. 

Unattacked 

Material. 


Section 6. Treatment of Unattacked aqueous extract of the melt b filter^ while 
Material. — Any substance unattached by residue atill remaining is heated with HCI 
previous reagents u fused with KgSgOg and the and filtered off. The two filtrates arc united, 
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the acidity adjusted to 0-3 A and HjS passed in. 
Any precipitate of Se, As, etc., is treated as 
original material, being analysed as far as the 
HjS groups, while the filtrate is examined for 
later groups beginning with thallium. Residue 
from the bisulphate fusion is treated as in 
Table 2 and unattacked material (Ir, SnOj, 
Cr2(S04)3, silicates) is fused with Na202. 
The aqueous extract of the fusion is boiled, 
neutralised with HCI, and then made acid with 
this reagent after adding 1 c.c. of alcohol. This 
solution is now treated in the same manner as 
was the solution from the previous fusion 
excepting that precipitation with HjS is made 
under pressure to ensure complete deposition 
of the sulphides of platinum metals. 

Section 6. Analysis of Tungsten and 
Tantalum Groups. — (a) The filtrate from the 
digestion with HF (Table 2 ) is fumed with 
HjS 04, diluted, and the solution made alkaline 
with NH4OH. Freshly prepared (NH4)2S is 
added and the mixture heated for i hour in a 
pressure bottle in hot water. A ])recipitate 
indicates the presence of Ta, Nb, Ti, Zr, Bi, 


or much V, and if it is considerable then more 
sulphide is added and the heating repeated. 
The final residue is filtered off, washed, and 
examined by (6), (v. infra). 

The filtrate (thio salts of Sb, Sn, W, Mo, 
Te, V, and also (NH4)2H PO4)) is poured into 
dilute acid, any precipitate being collected, 
dried, and ignited- in H2S to produce lower 
valency sulphides. Sb and Sn are then removed 
with concentrated HCi and tested for by usual 
methods. The residue ( WSq, MoSj, T e, 
V2S3) is dissolved in aqua regia, the solution 
evaporated and the residue boiled with 21 V-HCI ; 
yellow residue= H2WO4, which is confirmed. 
Mo and Te are now removed by means of 
HoS under pressure; VOCI2 being unaffected is 
tested for in the filtrate. The sulphide precipitate 
is again dissolved in aqua regia, evaporated 
and treated with HCI, KSCN, and Zn ; black 
ppt.=Te: red solution=Mo(SCN)4. 

(6) The tantalum group precipitate obtained 
above may contain TiOj, Ta205, NbjOj, Ti, 
and Zr with PO4 or VO4, Bi2S3, and is 
analysed as in Table 3 . 


Table 3 . 


Boil with Na salicylate-f salicylic acid for 2 hours (30 c.c. 3A-Na2C03-f 15 g. salicylic 
acid). Filter. 

Filteate: Ti salicylate, 
H3VO4, H3PO4. Con- 
centrate, add H2SO4, 
extract salicjdic acid 
with ether. Add 

NaOH. Boil. 

Residue: TajOj, NbjOj, Zr(HP04)2, BijSj. Fuse with 
K2CO3, add cold HjO, Filter. 

Filtrate: KgTa 30 i 3 , KgNbjOj^, K2HPO4. 
Saturate w'ith SO 3, heat, and filter. 

Residue : 

ZrOg, BijOg. 

Fuse with 
K2S2O7, add 
HgO and HgS. 
Filter off 
black BigSg. 

Precimtate : 
TiOj. 

Dissolve in 
HNO3, add 
HjOj. 

Filtrate: 

Na3V04, 

Na3P04. 

Add 

HCI, 
NH4OH, 
and HoS. 

Precipitate: TajOj, NbjOg. Dissolve in 
HF, add KoCOj, evaporate, ignite, add 
water and boil. Filter. 

Precipitate : 
2 KoTaF,, 

TajOg. 

Filtrate : K 2 N b O F5. 

Fume with HgS04, add 
NH4OH, boil. Acidify 
with H2SO4 and boil. 

Filtrate ; 
Zr0S04. Boil, 
add HoOo 

and 

Na2HP04. 

Orange 
Solution, 
Ti02'H202. 
Add Na 2 S 03 
and 

Na2HP04. 

Violet- 

red 

Solution, 

(NH4)3VS4 

Precipitate: NbjOj. 

Confirm. 

Precipitate : 
Zr(HP04)2. 

Precipitate : 
Ti(HP 04 ) 2 . 


Section 7 . Gold Group. — (Hg, Au, Pt, 
Pd, and possibly Ir and Rh as chlorides.) 
The filtrate containing this group {see Table 2 ) 
is shaken with ethyl acetate which extracts 
HgCI, and AuClj. This extract is now shaken 
with 3A’-NH4C1, wherebj' the mercury is re- 
moved and confirmed. The acetate layer is 
washed with 3 A'-HCI, evaporated, anil the 
residue is tested for Au. 


The aqueous layer from the ester extraction 
is evaporated almost to dryness with a little 
HCI ; the residue if colourless is rejected, but if 
coloured it is treated with a drop or two of 
6A-HCI and a little solid NH4CI; yellow 
ppt.= Pt: black ppt.= 1 r ; red ppt.= Pt-f Ir. 
This precipitate is taken up in aqua regia, evajii)- 
rated to dryness, and water added, followed by 
NaHCOj until alkaline and a little Br water; 
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blue colour changing to black ppt. on warming 
= I r. Platinum is confirmed in the filtrate. 

The filtrate after the removal of Pt and Ir, 
and which may contain (NH 4 )-Pcici< and 
(NHiljRhClf.ia saturated With Clj in a small 
bottle, the latter being then stoppered and 
allow^ to stand for J hour. Red ppt.= Pd. A 
red or orange filtrate after expelling Cl j indicates 
Rh which, however, must be confirmed. 

Section 8 . Thallium Group (see Table 1). 
— The percblonc acid solution after the remosal 
of the W, Ta, and Au groups is treated with 
HBr to precipitate Ag, Tl, and most of the Pb 
as bromide. The last two are extracted aucces- 
enely with hot water and bromine solution and 
Sliver confirmed m the residue in the usual way. 
In the combmed extracts Pb is removed aa 
sulphate while Tl is confirmed by reducing 
TIBtj with SOj and Kl ; yellow ppt.=TII. 


analysis. 

Section 9. Tellurium and Copper Groups, 
— ^The filtrate from the previous group is 
eraporated to slight fumes of HCIO 4 , diluted, 
and Us acidity adjusted to 0 3A’~ using for this 
purpose an indicator made from 23% methjl 
violet in alcohol which changes from blue to 
green between 015 to 0 ISA’- acid. A httle 
ammonium chloride is added and HjS passed 
into the warmed solution until it cools. The 
reaultmg precipitate of Te, Mo, Ir, Rh, Re, Pb, 
Cu, and Cd sulphides is removed, dissolr^ in 
aqua regia and the solution taken to dryness. 
The residue is dissolved in 6 c.c. of cone, HCI 
and the solution is saturated with SO. and 
filtered if necessary. The filtrate is diluted with 
20c.c. HsO.agam treated with SO^i and heated. 
Any black precipitate of Te is removed and the 
remaining solution is examined according to 
Table 4. 


Table 4. 


Fii.trate after removal of Te. Evaporate almost to dryness, add a few drops of HNOj 
and again take to dryness. Add 6 A'*HCI and extract with ether. 

Etkeb Layer. 
Mo 03 , 2 HCI. 
Evaporate. 

Water Layer: Evaporate, add H^O. CHj CO OH, and NaNO.. Heat at 
C0*-70*, make alkaline with NaOH. 

Fhiratej Na,lr(NO,L, Na.fihfNO,)*. NaReO, Add 
HCt, evaporate, add Na^COj and Br^. 

Precifitate 
Pb, Bi, Cu, 
Cd. 

Analyse by 
usual 
methods 

Residue: 

Blue. 

MO} 0 |-zMoO,. 

Add HCI, 
KSCNand Zn. 

Precifitate. IrO} (blue.black), RhOt 
(green). Take up m HBr, evaporate 
with anua regia. Add 2 drops of 

6 A’*HC] and solid NH 4 CI. Heat on 
steam-bath. 

. 

Filtrate : 
NaReOf. 

Add 12A'-HCI, 
evaporate and 
boil. Reduce 
With a little 
N.H.'HCI 
and NaHSO,, 
bod and filter 
neglecting any 
ppt. Add 

12A'-HCI 
until solution 
is 6 iV and 
pass in H|S. 

Red Colour: 
Mo(SCN)4 

Pbeciyitate : 
Black 

(NH 4 ),lrCI, 

Filtrate: 

(NH 4 )aRhC», Add 
NH 4 OH, evaporate, 
add HCI. 

Precimtate ; 
Yellow, 

IRhCl(NH,)slClt. 

Precirjtate ; 
Black ReSj- 


Section 10. Removal of Aluminium, Zlr> 
conium, Nickel, and Rare Earth Groups. — 
The filtrate from the HjS precipitate is tested 
for iron and phosphate on a small portion, while 
the bulk of the solution is boiled and then 
oxidised with a little bromine, any excess of 
this reagent being removed. The aciditv 
of the solution is reduced (with 4 c.c. of 6N- 
NH*©!!), after which it is submitted to the 
basic acetate process with ammonium acetate 
and feme nitrate. Sufficient iron is added to 
combine with all the phosphate although rare 


earth phosphates may still precipitate aa such, 
while 2n, Co, Ni, Be, and U may also be 
carried down. The precipitate containing Fe, 
Ga. Cr, V, W, Al. In, Zr, Ti, PO 4 is dissolved 
in HCI, tvaporated, and the residue taken up m 
7A’'HCI. FeClj and GaClj arc extracted with 
ether and are separated by reducing the iron 
loFeCljwhen only GaClj diaRoIvcs 111 the ether. 
The separation is not clean and the final traces of 
iron are removed by dissolving the gallium in 
OSA’.NaOH. 

The nqueous lajer, after the extraction of Fe 
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and Ga, is evaporated with HNO3, sodium 
hydroxide is added followed by sodium per- 
oxide. On boiling the mixture the aluminium 
group (Cr, U, V, W, Al, Be, Zn, and PO4) 
dissolves while the Zr group (Zr, In, Ti) together 
with Co, Ni, Zn, and the rare earths remain 
behind. 

The filtrate from the basic acetate separation 
is made alkaline with ammonia, boiled, and 
saturated with HjS. Any precipitate indicates 
Be, Cr, or rare earths as hydroxides or Mn, 
Zr, Co, Ni, or U as sulphides. It is dissolved in 
HNO3, evaporated, and treated with NaOH-f- 
Na202 as above. The Ni and rare earth 
groups are precipitated, while any aluminium 
group metals are dissolved and the filtrate 
containing them is added to that previously 
obtained. 

Section 1 1 . Aluminium Group. — The com- 
bined filtrates from the sodium peroxide treat- 
ments in the previous section arc acidified 
with nitric acid in the cold, diluted, neutralised 
with solid NaHCOg and l-S g. excess is then 


Section 12. Nickel Group. — This group, 
isolated ns given in Section 10 and possibly 
containing rare earth elements, is analysed as 
indicated in Table 6. 

Section 13. Zirconium Group. — The first 
peroxide precipitate in Section 10 may, in 
addition to In, Zr, and Ti, also contain rare 
earths and minor quantities ofZn, Co, and Ni. 
To it is added any rare earth precipitate from 
the nickel group and the whole dissolved in 
HCl and the solution evaporated nearly to 
dryness. To the residue is added 2 c.c. HoO, 
1-2 c.c. of 27A'-HF and 1 c.c. of 6A"-HCI, and 
the mixture warmed on the water bath, the 
precipitated rare earth and indium fluorides 
VoL. II, — 3G 


5(ii 

added together with a little H2O2. The mix- 
ture, in a closed bottle, is heated in a water bath 
when Al, Zn, and Be are precipitated. A 
little U may be carried down, while if much U 
and V are present then uranyl vanadate will be 
deposited also. The precipitate is dissolved in 
6N-HCI, IJ volumes of ether added, and the 
solution saturated with HCl gas. White 
crystalline precipitate= AICl3"6H20, which 
must be confirmed. The filtrate is evaporated 
and the residue dissolved in a little water; 
addition of ammonia now causes the .deposition 
of Be and U as hydroxide and diuranate 
respectively, while Zn is tested for in the 
sdlution. Beryllium is separated from uranium 
by evaporating the precipitate with acetic acid 
and extracting basic beryllium acetate with 
chloroform. Uranium is sought for in the 
aqueous liquor. 

The filtrate from the carbonate-peroxide 
procedure may contain sodium chromate, 
vanadate, tungstate, phosphate, and uranyl 
vanadate, and is examined according to Table 5. 


being then removed and examined by Section 
14. 

Indium is also found in the filtrate and, 
together with any Ni, Co, and Zn, is removed 
by nearly neutralising and then passing in 
HoS. Indium is confirmed by dissolving the 
sulphide in HCl, precipitating In(OH)3 with 
excess ammonia, dissolving this in HCl, and 
again depositing the yellow IngSj. Zn, Co, 
and Ni are not tested for. 

The fluoride filtrate containing Zr and Ti 
is fumed with H2SO4, diluted, H2O2 added, and 
any residue is removed. An orange solution 
indicates Ti. To this is added lA-Na2H PO4 — 
white precipitate after standing=Zr. If now 


Table 6. 


Add HN03and Pb(N03)2. 

Precipitate ; 
Yellow, 
PbCr04. 

Confirm 

Chromium. 

Filtrate: U02(N03)2, H3VO4, H3P04(W03)42, Pb(N03)2. Remove 
Pb with HjS and oxidise solution with Bcg. Neutralise and add CHj-COOH 
and Na2HP04. 

Precipitate : 
U02(NH4)P04. 
Dissolve in HCl, 
evaporate and add 
K4Fe{CN)3. 

Filtrate: H3VO4, H3P04(W03)j2. Add 

ammonia, saturate with H2S. Pink or violet-red 
solution denotes vanadium. Acidify with nitric 
acid. 


Precipitate : 
Dark coloured, V2S4 
or V2S5. 

Confirm vanadium. 

Filtrate : 

H3Pp4(W03)i2. 
Remove P04with Mg(N03)2 
andNH40H. Concentrate^ 
add dil. HNO3 and boil. 


Precipitate or 
Colour ; 

Dark red, 

K2(U02)Fe(CN)6. 




Precipitate : 

Yellow H2Wb4. 
Confirm Tungsten. 
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Table C. 


Dissolve in HC 

; replace chlorides nitrates and heat with HNOj and KCIOj. 

Precipitate: 
Black MnOj. 

Filtrate: Nitrates of Zn, Co, Nl, and Bare Earths. Add NH,OH until 
alkaline, acidify with CH^ COOH and odd 10 c c. of aA-CHj-COjNH, 
Pass in HjS. 

ganese. 

IhiEciriTATE : 

ZnS, CoS, NiS. Treat with cold LY-HCl. 

Filtrate : 
Rare earths. 


SOLUTION' ZnCI, and little CoClj and 
NiCI,. Add NaOH and NajOx. 

Residue : 

CoS. 

Expel H.S, 
add NH4OH, 
filter and 

reject filtrate. 


Filtrate : 
NaHZnOj. 

Pbecimtate : 
Co(OH)4.Ni(OH}2 


Precipitate . 
Karo earth 

liydrovides. 



Dissolve m HCl and KClOj. 

Add to Zir- 
conium grou |i 



SOLDTIOK. Evaporate, add CHjCOOH 
and KNO, 

pRECipiTATE»jellow KjCoiNOjlt Test 
for nickel in Filtrate with dinieth)!- 
glyonme. 



the orange filtrate la decolorised with Na^SO), these fluondes with HT and NH^P (HP+ 
then, on standing, a white precipitate of NH, OH), soluble NH^SeP^ being formed and 
Ti(HP 04 )| IS formed confirmed in the filtrate. The residual salts are 

Section 14, Rare Earth Group. — Asindi- coorerted through the sulphates and hjdiovKios 
catedabote, this group is isolated os the fluorides to acetates, after which indium is scpaiatcd as 
together with those of scandium, thorium, and InjSj Further analysis is carried out according 
indium. Scandium ts first removed by heating to Table 7. 


Evaporate the filtrate, con^c^t to nitrates and heat on steam batli with HNO* and powdeieU 
KCIO} Add KIO3 solution, cool, and ftitei. 

Precipitate. ThflOj),. 

CetlO}),. Heat with 

HjO} and HNOj on steam 
bath; addKIOg. Cuoiand 

Filtrate- Rare earth lodatcs. Add NH|OH, filter, 
and dissolve precipitate in HCl. Evaporate and add 

3 c c. of 30% KjCOj. 

hifer. 




Residue 

ThllOj),. 

Evaporate 

Soli tion . 
Ce(IOj)j. 
Add NH^OH 
and HjO,. 

Lanthanum sub- 
group. Also little 
of Yttnum aub 
group 

some Nd. Sm, Eu. BoU with HCl. 
add NH4OH and filter. Dissolve 
precipitate in HCl, evaporate. Add 
HCOOH (U0%) and HCOONH,. 

and add 





Precipitate . 



Precipitate : 
White. 

Orange, 

CeO,-HjOj. 


to La sub- group, 

group. 



For further anal} sts 0 

' these groups, see original treatise (p 5M) 
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Section 15. The Alkaline Earth Group. — residue with 3A^NH4CI. The final product is 
The filtrate after the separation of the nickel dissolved in water, filtered if necessary, and the 
and rare earth groups by means of NH4OH and alkaline earth metals precipitated with 6 A- 
(see Section 10) contains the alkaline (NH^ljCOj and an equal volume of alcohol, 
earth and alkali groups together with ammonium The carbonates of Ba, Sr, Ca, and Mg are 
salts added during the analysis. The latter are filtered after i hour and examined according to 
removed by evaporation and gentle ignition, this Table 8. 
operation being repeated after moistening the 

Ta-Ble 8. 

Dissolve in CHa’COOH ; concentrate, dilute, and add CH3'C02-NH4 and K2Cr04. 


Pbecititate: Filtbate: Add NH40H,.warm, and add 15 c.c. EtOH. 

BaCr 04 . 

Confirm 

Barium. Peecititate: SrCr04, CaCr04. Filtrate : Ca and Mg salts. Add K 
Boil with N H4 carbonate and K o.xalate. 

oxalate. 

Pkecipitate : Filtrate : 

Residue: SrCOj, CaC204. CaC204, (MgC204). Mg salts. 

Treat with CHj-COOH. Treat with H2SO4. 

Add 

Na 2 HP 04 

Solution ; Residue : Solution : and 

Sr acetate. Add 030^04. CaS04, (MgS04). NH4OH, 

Na 2 S 04 . Add EtOH. 

Precipitate: 

PREcimATE; Precipitate: Mg(NH4)P04.l 

SrS 04 . CaS 04 . 


Section 16. The Alkali Group.— The fil- 
trate remaining after the removal of the preced- 
ing group is evaporated, ignited to volatilise 
ammonium salts, and the residue dissolved in 
water. This solution is now treated witli lead 
nitrate to convert any sulphates to nitrates and, 
after filtering, any excess of Pb is precipitated 
with H2S. TJio filtrate containing only alkali 
nitrates or ehlorides is cautiously cv’aporated to 
fuming with 1-5 c.c. of 9A'-HC104, copied, 
and rinsed into a flask with a volume of alcohol 
equal to four times that of the HCIO4 used 
above. The flask is stoppered, shaken occa- 
sionally during 15 minutes, and the precipitated 
perchlorates of K, Rb, or Cs filtered off. In the 
filtrate sodium is separated from lithium by 
saturating with HCI gas and the precipitated 
N aC I is confirmed as the triple sodium magnesium 
uranyl acetate. The filtrate after the removal of 
NaCI is at once diluted with one-quarter to one- 
third its volume of water and cautiously heated 
on a steam-bath until the volume is equal to 
that of the perchloric acid originally added. The 
liquor is cooled and cone. HNO3 is cavlioitsly 
added drop by drop until action ceases, after 
which a further 1 c.c. is dropped in. Tlic solution 
is again cautiously heated on the bath for J hour 
when an additional i c.c. of HNO3 is added. 
Heating is now carefully continued on a gauze 
until perchloric acid is expelled and the residue 
is gently ignited. 3 c.c. of 05% alcohol and 2 
drops of NH4OH (D=-880) are added, any 
residue filtered off, and the warmed filtrate is 


treated with 2 drops of iA’.Na2HP04. White 
precipitate after shaking= Li3P04. 

Note . — The removal of perchloric acid must 
be carried out as given above and the operator 
should be protected from any risks of explosion. 

For the further analysis of the precipitated 
perchlorates of K, Rb, and Cs, it is necessary 
to obtain these ns nitrites and this is accom- 
plished by converting into the cobaltinitrites 
by digesting with NajColCNlganda littleacetic 
acid saturated ivith NaNOj. The residue is 
transferred to a basin, moistened with OiV- 
NaN02, evaporated, and gently ignited until 
effervescence ceases. The resulting nitrites are 
taken up in water, filtered from cobalt oxides, 
and the filtrate examined by Table 9 p. 564. 

Exasiination for Acids. 

Although it is not practicable to separate 
acidic radicals into a limited number of groups 
each with its appropriate group reagent, yet the 
analytical reactions for these radicals may bo 
divided into (i) preliminary testa made on the 
original solution or material, and (ii)' systematic 
tests applied to suitably prepared solutions. 
These reactions may be conveniently performed 
in the following order : 

I. Rreliminary Tests (compare diy re- 
actions). 

1. Original substance or solution is warmed 
with dilute hydrochloric or sulphuric acid. A 
gas is evolved, carbon dioxide turning lime water 
milky=cario«a/w ; sulphur dio : cide — sulphites ; 
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Table 9. 


Solution of KNO,. RbNO,. CsNO, (with NaNOj). Make acid with CH,-COOH, filter if 
necessary, and add Bl(N03)j (saturated solution la CN-CHj-COOH). 

Filtrate: 
KNO,(NaNOj). 
Add Co(NOj),. 

Precipitate; Yellow Rb3NaB{(NO{)(. Cs3Na6i(N03)|. Dissolve 
m KCI and add SbCI,. 

Precipitate : 
3CsCI-2SbClj. 

Filtrate: RbCI, CsCI, (BiClj, SbClj). Remove 
Bi and Sb with HjS. Filter. 

pRECiriTATE : 

Yellow, 

KjNaCo(NOj),. 

Filtrate: RbCl, CsCI. Evaporate and add NaH 
tartrate. 

Precipitate • 
RbH Tartrate. 

Filtrate; CsCI. Confirm with 
silicotungstic acid. 

WTute precipitate, CsSihco- 

tungstate. 


i^drogen suJphide, blAc]»enji5g Jead acetate 
papcracufpAtdea (not all),* nitrous fumes=> 
nitrtVes: hydrogen cyamde, odour of bitter 
almondsacyantdet; cmonne oxide8>cAforit<«. 

3. Original substance or solution irarroed 
slowly with strong solution of sodium dichromate 
slightly seized, carbon dioxide evolred con* 
confirms ear6ohats m presence of sulphite. 

S Addition ofeoid coocentrsCed sulphunc acid, 
carbon monoxide erolred, bluo flame^/omm/e. 

4. Heating with concentrated sulphunc acid 
The foregoing gases (1, 2, and 3] may heerolred 
and also the foUawing ; 

(а) Colourless Gases. — Fuming acid gas 
etching glasssjfuondc ; fuming acid gas 
not etchiflg>=cWbr«de} odour of vinegar* 
autatf, carbon monoxide, blue flame= 
Jormate, fenocyantde •, carbon monoxide 
and dioxide=:o2:alaie ; sulphur dioxide and 
sulphur iubliniate=(AiosuipA<ite. 

(б) Coloured Gases. — Orange vapour, bro- 
mmc, and sulphur dioxide’=6ro:ntde; 
violet vapour and sulphor dioxide=iodi<fe ; 
nitrous ii3aiet=7nlnle, mtrale; oxides of 
carbon and sulphor with ehanmg= tartrate, 
cifmfe, malaie; yellow explosive chlorine 
oxide=cAiorat«. 

5. Heating with alcohol and concentrated 
sulphuric acid — green flame=6orcte. Before 
performing this test, chlorates must be decorn* 
posed by igniting the ongmal substance m order 
to avoid an explosion. 

C. Ucatmg with concentrated sulpboiic acid 
and sand — a colourless gas (SIF4). giving a 
gelatinous precipitate on moutened r^ confirms 
fiuoride. 

II. Systematic Tests. — Before testing a eolu- 
tion for acids, boil with excess of pure sodiiun 
carbonate to remo\e most of the heavy metals 
(uranium, thorium, and certain of the other rare 
earth metals are not precipitated at this stage). 
The filtration from the carbonate precipitate is 
neutralised with nitric acid. 


I. Sanum ciJcride in neutral solution yields 
(a) a white precipitate insoluble m hydro- 
chJoTic acid=>sulpAair, $tlxcoJluortdt •, (6) a 

white precipitate soluble in hydrochloric acid** 
dulphte, phosphate, otalale, borate, fiuonde, 
ttlicaU, tartrate, (c) yellow precipitate solulilr 
in hydrochloric acid=c/iremafe 

3. Calcium chtoride added in excess to the 
neutral solution causes gradual deposition of a 
white precipitate, (a) insoluble m acetic acid** 
oxalate (tulphate m strong solutions) ; (ft) soluble 
in acetic acidBpAospAafe, ftorate, and other 
acidic radicals precipitated by banum chloride. 
Calcium tartrate, when washed, becomes soluble 
in caustic potash, but is reprecipitated on 
diluting and boiling. Filtrate from the fore- 
going precipitate in the cold is boiled for somo 
time, a white precipttate=citrate {malaie in 
strong solutions). The solution fiiltered hot 
from this precipitate is cooled and mued with 
excess of alcohol, a white precipilate=8«ccinal«, 
maixU. 

3. filter nitrate in neutral solution yields : 

(0) A precipitate soluble in nitnc acid — 

(1) White=oTolafe (somewhat sparingly sol- 
uble in mtno BCid)s ftorate (formed only 
in strong solution; AgjBOj-l-SHfO^ 

SAgOH); tartrate, bemoate.and 
many other organic carboxylic acids to bo 
identified by special tests. 

(2) Yellow=nAiMpAaie, orjcniVe. 

(3) Bnch-rea=orremife. 

(4) Dark rcd=cAroma<e. 

(6) A precipitate insoluble in nitric acid. 
Soluble in ammonia: white=eAiari<le (hypo- 
chlonte), cyanide, thocyanate ; yellowish- 
white=6romid«: orange-red=/emcyanid<; white 
=/erTocyanirfe (spanngly soluble). Insoluble in 
ammonia: yellow= iodide; black=»uipAidc. 

4. Feme chloride in neutral solution yields — 

(a) Acoloration-dcepred.givingaprecipitateon 
boilmg=aceta/«,/ormate; blood red, no precipitate 
on boiling = thioeyanale. Violet = talieylate. 



CHEmCAL 

thiosulphate (fugitive) ; bluish-black— /anna/e, 
gallate. Greeni8h-brown=/erricpanide (dark 
blue precipitate on adding stannous chloride). 

(6) A precipitate: buff=6enzoafe, carbonate; 
redciish-brown= succinate ; white=phosphate ; 
black=fiu(p/itde; bluish or greenish black= 
tannate, gallate. 

Sulphur Acids. — (1) Detect sulphate by- 
barium chloride and sulphide by lead acetate. 
Make a portion of the solution slightly alkaline 
with caustic potash or soda, add zinc sulphate 
in large excess, and filter. Test one part of 
filtrate for thiosulphate by hydrochloric acid 
(SOj evolved and sulphur deposited) or tran- 
sitory violet coloration -with ferric chloride ; 
to the other part add, successively, acetic acid 
till faintly acid, sodium nitroprusside in small 
amount, and potassium ferrocyanide : a pink 
precipitate indicates a sulphite. (2) Separation 
of soluble sulphates, sulphites, thiosulphates, 
and sulphides in neutral solution. Precipitate 
sulphide as CdS, PbS, or ZnS by adding 
cadmium carbonate or lead carbonate sludge or 
zinc chloride solution (yellow, brownish-black, 
or white precipitate). To filtrate add strontium 
nitrate and leave for 12 hours ; the co-precipi- 
tated strontium sulphate and sulphite are 
separated by hydrochloric acid, the latter 
dissolving with evolution of sulphur dioxide. 
The filtrate from the two strontium precipitates 
contains thiosulphate, which on decomposition 
with strong hydrochloric acid evolves sulphur 
dioxide and deposits sulphur. 

Chloride, Bromide, and Iodide. — (1) Place 
mixture in a small distilling flask connected with 
a bulbed V-tube containing starch paste and 
surrounded by cold water. Add water and 
ferric sulphate solution (ferric alum) to the flask 
and heat to boiling. In presence of iodide the 
starch paste becomes blue. This process is con- 
tinued till all iodine is expelled, then add a little 
solid permanganate, connect with V-tube 
containing chloroform or carbon tetrachloride, 
and boil again. In presence of a bromide the 
organic solvent becomes brown. Repeat- the 
treatment with permanganate until all bromine 
is expelled. Filter the residue and test filtrate 
for chloride. (2) After iodide has been detected 
by sodium nitrite in acidified solution 

{2HI-f2HN0j=2H20-l-2N0-k Ij) 

a portion of the solution is evaporated to dryness 
with sodium carbonate and fused with ten times 
its weight of potassium dichromate until the 
iodine is completely expelled. The residue is 
then distilled wth strong sulphuric acid from a 
small retort. Part of the distillate is shaken 
with chloroform or carbon disulphide -vvhen the 
organic solvent becomes brown in presence of 
bromine (bromide). The remainder of the 
distillate is neutralised with ammonia and 
tested for chromate by acidifying with acetic 
acid and adding lead acetate. The presence of 
chromate in the neutralised distillate is due to 
n volatile chromium compound (CrOjClj), 
which in turn indicates chloride in the original 
solution. 

(3) A neutral solution of the three halides is 
treated with potassium iodate and diluto acetic 
acid: as iodine is liberated (SHl-f-HlOj 
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=3l2-J-3H20) more iodate is added and the 
solution boiled till all iodine is removed. The 
solution is then mixed with half its volume of 
5Y-nitric acid, bromine is evolved, and the solu- 
tion boiled till colourless. A little potassium 
iodide is added to destroy any excess of iodate ; 
the solution again boiled till colourless when an 
equal volume of strong nitric acid and a few 
drops of sodium nitrite are added successively 
with further boiling. A white precipitate on 
addition of silver nitrate indicates a chloride. 
If thiocyanio acid is present the test for iodide 
must be made in a small portion of the original 
solution, adding sodium acetate as well as 
acetic acid to depress the dissociation of the 
latter. 

Other acid radicals must be detected by special 
tests. Iodides, ferrocyanides, and ferri- 
cyanides must be removed before testing for 
nitrates. For this purpose the original substance 
is treated with excess of a mixture of cupric 
and ferrous sulphates. Excess of copper and 
iron is removed from the filtrate by boiling and 
adding slight excess of pure caustic soda when 
the nitrate tests may be applied to the final 
filtrates. 

To remove bromine and iodine the original 
substance is acidified -with dilute sulphuric acid 
and boiled with potassium permanganate until 
the liquid retains a faint pink tinge ; the 
filtrate may then be examined for nitrate or 
chloride. 

Hypochlorites and nitrites are destroyed by 
boiling -with dilute sulphuric acid. The latter- 
salts may also be decomposed by boiling -with 
strong aqueous ammonium chloride : 

NaNOg-l-NH4CI=NaCI-f2Hj,04-N2 

SPECIAL REACTIONS. 

Whereas the analytical ideal' of one specific 
test for each element is far from being realised, 
yet the continued discovery of new . and 
increasingly sensitive reagents, especially 
organic ones, has brought much nearer 
the possibility of attaining such a goal. The 
reactions given below are only a selection of the 
most characteristic, and additional tests may be 
found in the section devoted to micro-analysis. 
The elements have been arranged according to 
the groups of the periodic classification. 

Lithium. — Ammonium fluoride, white pre- 
cipitate (LiF), more complete in presence of 
ammonia or alcohol. Sodium phosphate, white 
precipitate (Li 3 P 04 ) soluble in hydrochloric 
acid and reprecipitated by ammonia on boiling. 
Sodium arsenate in ammoniacal-alcoholic solu- 
tion, pale pink precipitate, LijAsOj (Caspar y 
Amal, Ann. Chim. Analyt. 1933 [ii], 15, 193). 
Lithium chloride, unlike other alkali chlorides, 
is soluble in many organic media such as n- 
and i«o-butyl alcohols, amyl alcohol, and di- 
ethylene dio.x'ide (dioxan). Lithium (and 
sodium) perchlorate is soluble in alcohol or a 
mixture (1:1) of ethyl acetate and n-butyl 
alcohol (Moser and Schutt, Monatsh. 1929, 51, 
23 ; Bro-wn and Reedy, Ind. Eng. Chem. 
(Anal.), 1930, 2, 304 ; Sinka, Z. anal. Chem. 1930, 
80, 430 ; Yagoda, J. Amer. Chem. Soc. 1932, 54, 
984). 
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Sodium. — The moat satisfactorj* method for 
detecting sodium, or. indeed. nn> alkali metal, is 
spectroscopically. All sodium salts are more or 
less soluble and precipitation methods pre- 
suppose ft considerable concentration of the 
element. The most delicate reagent is nne, 
tnaynuiurn, or nieltl vranyl actiale, the zme 
tnple salt is obtained as ft yellow precipitate 
with escess of reagent {NaZn[(UOt),(OAc),]) 
(KoItholT and others, 19i7-I93GJ, liiamvlh 
ntlratt in 5(fi/o poiasnum nilrilt, containmg 
rsetium rulnU, yellow crystalline precipitate 
(6Bi(NOt),.9CsNO,.6NaNO,). Potauium 
pyroanttmonale and dihydroxylartanc aetd gi\e 
colourless precipitates of Na^HjSbjO^.BHfO 
ftnd NajC 4 H 40 , respectively. 

Potassium. — Plalmic^foric acid, yellow cry- 
stalline precipitate (K,PtCl,) more com(>letein 
the presence of alcabol. Sodium eobofiinttn/e id 
acetic acid, yellow precipitate 

{RjlCo(NO,),]. where R=Na+Kl; 
ammonia gives a similar precipitate. Per 
chloric acid, white crystalline precipitate. 
Cobalt nitrate m SU^o methyl alcohol and sodium 
thiosulphate (38% aqueous solution), blue 
precipitate in neutral solutions (CeUi, Anal, 
farm. Bioquiin, 1033, 4, 53) Sodium 0 chtoro- 
5 nilrololutne-2'tulphoHale i todium 1 amtno-P 
naphthol-Q'iiilphonalt (eiioiio^eii), loXaoHic 
eeid and aodium pierate give characterutic 
precipitates with potaasium. 

Rubidium. — Platinichloric acid, yellow cry 
sialline precipitate (K, Cs, and NH^ interfere) 
Perchlone acid, white crystalline precipitate, 
todium cobaltinitrile, yellow precipitate. Palla 
doui chloride and aune chloride in dilute hydro 
chloric acid, brown precipitate (Rb-AuPoCI}) 
(Tonanaev, Z. aoal. Chem. 193J. 8S, 343) 
Potaeeiuffi bismuth iodide (KBil,), no precipi 
tate (distinction from Cs and Tl). 

C£esium.~Cssiuni behaves like rubidium 
and potassium towards phitinieh/onc ocid, 
wrehlone acid, sodium cobalhuitnle. Potassium 
oismuth iodide, brown precipitate SilirotHnysfic 
acid in C.Y.hydrochlonc acid, white precipitate, 
CS|(Si 04 {W 0 j)jj} (distinction from Rb). 
Aurte troinide and ptatinic bromide, black 
precipitate (Rb interferes only in concentra- 
tions greater than i%) (Burkser and Kutsch- 
ment, J Appl. Chem. Russ, 1936, 9, 145) 
jS'tajiiiic chloride in hydrochloric acid, white 
precipitate, CS 2 [SnCl 4 ], antimonious chforidem 
hydrochloric acid, white precipitate, CSjlSbCI,] 

Alone of alkali carbonates, cssium carbonate. 
CS}COj, IS soluble in absolute ethyl alcohol, | 
but m presence of RbjCOj, a mixture of the two; 
carbonates passes into solution. 

Copper. — Cupric salts, llydresjensulphide, 
black precipitate almost insoluble in dilute 
sulphuric acid or ammonium sulphide; soluble 
in nitric acid or potassium cyamde. .4mmonia, 
blue precipitate, soluble in excess reagent to 
deep-blue solution. Potassium ferroeyanide, 
chocolate-brown precipitate, insoluble in ddote 
acids. Potassium iodide, whitish-brown pre- 
cipitate (Cuilj-P I.)- Pyridint+ammcmtum 
Ihiocyoi.ote.bluecompfex [Cu(C,N Hj)j{SCN)|l 
soluble m chloroform (Spacu’s reaction). Beim- 
duie or tolidme gives simihr precipitateo. 


t7al7ie arij+ammoiniim Ihtoryoiio^e, colourless 
turbidity orpmipit.ntc. (Ag. Pb. Bl interfere.) 
Simdar re»ulU are obtamed using tanmc acid, 
catechol, or quinol (Sj'acu, Z. anal. Chem. 1923, 
67, 31; Flctmng, Analyst, 1924, 49, 275; 
Falcioli. Giom. Chim. Appl 1921, 3, 354). 
Bensom monoxiine (in alcoholic solution) and 
in presence of tartaric acid, sap green pre- 
cipitate. Tlus IS said to be specific for copper 
(Feigl, Osterr. Chem. Ztg.. lOdS, 26. 73). 
Puteanie acid in alcoholic solution, bhek pre- 
apitate. Tlus test is sensitive to 1 m2iimIlion3, 
but fucke! and cobalt interfere (Pr. Ray and 
R. .\t. Ray, J. Ind. Chem. Soc. 1926. 3. 1 18). 

Cuprous Salts. — The cuprous habdes sre 
sparingly soluble in water, but dissolve incon- 
centrati^ hydrochloric acid Sodium kydroride, 
yellow precipitate, becoming red on boiling 
(CujO) Potassium jerrocyamde, white pre- 
cipitate becoming brovvmsh rwl on exposure to 
air. p‘Dimelhylaminobe>izalrhodanine (saturated 
alcoholic solution), red precipitate or colour 
(silver and mercury interfere) (l*unakosbi,Mem. 
Coll Sii Kyoto, 1920, 12, 155). 

Silver. — Hydroehlone aeiJ, white preiipitatc 
insoluble m nitric acid, soluble m ammuma, 
l>otassmm cyanide, or sodium thiosulphate. 
t>iher bromide and iodide show n decreasing 
solubility in ainmonM. Potassium ehroniatt, 
dark r^ precipitate (AgtCrOf), soluble m 
mineral acids and deconjioscd by caustic alkalis, 
p Dinielhylaminoienzahhodanine, red preeipi 
tatem neutral or slightly acid solutions (halogens 
Hg and Cu interfere , gold gives a colour, but 
not in the presence of potassium cyamde) 
VU'DihydrorynaphthaUne 3 C dtsulphonie acid 
(chromotrope acid), black precipitate (iron 
gives intense green colour, but this maappears in 
acid solution). 

Gold. — Aunc chloride may be extracted from 
solutions containing slight excess of hydro- 
chlonc acid with ethyl acetate; any mercuric 
chloride which may alio be extracted is removed 
by shaking with 3.V-ammonium chloride 
Hydrogen, sulphide, black precipitate (AujSi) 
from Cold solution, soluble m aminomum 
sulphide : from hot solutions the metal is pre-, 
cipitated. Reducing agents, browm or purplish 
precipitates of the metal. Hydrogen peroxide 
in very dilute alkaline solution: the liberated 
gold has a beautiful blue shimmer. 

Beryllium. — .immonia or alkah hylroxides, 
white precipitate [Be(OH){], soluble in excess 
of alkali hy droxide but reprecipitated on boiling. 
tthylaiHine, same white precipitate, insoluble in 
excess of reagent (diderence from aJunjimuni). 
rlniMonium sulphide also precipitates the 
hydroxide. Unlike ahimmium hydroxide, 
beryllium hydroxide is insoluble in boding 
sodium bicarbonate, ^uinofizarin in alkaline 
solution, the violet colour of the reagent beconica 
blue; magnesium gives a similar blue lake 
discharged, however, by bromme water (Fisvher, 
Z. anal. Chem. 1928, 73, 54) 

BciyUium may be separated from many metaU 
by precipitating the latter with tannm under 
sbgbtly acid conditions (solution bulTered with 
ammonium acetate); beryllium is only pre- 
cipitated in neutral solution (Mo«cr and Singer. 
JlonaUh 1927, 48, C73). 
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Another separation is based on the solubility 
of the basic acetate, Be 0 , 3 Be(C 2 H 302 ) 2 , in 
dry chloroform. ■p-Nilrohenzeneazoorcinol 
(0-025% solution in NaOH), orange-red colour. 
Zinc, nickel, cobalt, copper, cadmium, and silver 
interfere, but not in the presence of potassium 
cyanide. Magnesium giv-es a brownish-yellow 
colour (Komarovsky and Polucktov, Mikrochem. 
1934, 14, 315). 

Magnesium. — Ammonia, white precipitate, 
Mg(OH) 2 ; no precipitate if suiRcient 
ammonium chloride is present. Sodium 
phosphate, ammonia, and ammonium chloride, 
white precipitate becoming cr^’stalline, 

Mg(NH,)P 04 , 6 H 20 ; 

the precipitate appears only slowly from dilute 
solutions. Sodium hypoiodite in neutral solution, 
red-brown precipitate(Al and excess ammonium 
salts interfere). Quinalizarin (0-01% alcoholic 
solution) added to the tost solution followed by 
sodium hydroxide gives a blue precipitate 
stable after acidifying with hydrochloric acid 
(Be and Al interfere ; tartaric acid prevents the 
interference of Al). Titan yellow (0-1% solu- 
tion), colour changed from orange to red by 
magnesium hydroxide (Al, Sn, and Bi interfere). 

Calcium. — Ammonium carbonate, white pre- 
cipitate (CaCOj), soluble in acids. Sulphuric 
acid, white precipitate, CaSOi, from strong solu- 
tions, solubleinammoniacal ammonium sulphate. 
Ammonium oxalate, white precipitate (CaCjO^); 
insoluble in oxalic or acetic acid, soluble in 
hydrochlorio acid. Sodium sail of the osazone 
of dihydroxylartaric acid, white precipitate. 
This test is .sufficiently delicate to detect 
calcium in slightly hard waters such as 1 part of 
London tap water in 80 parts of distilled water. 
In such cases the test is best made on a blackened 
■watch glass or spotting tile and using a ciystal 
of the solid osazone. Ammonium ferrocyanidc, 
white cr 3 -stalline precipitate, 

Ca(NH4)2[Fe(CN)5]. 

Potassium ferrocyanidc also gives a precipitate, 
Ca2[Fe(CN)el. 

Strontium. — Ammonium carbonate, white 
precipitate (SrCO,) soluble in acids. Suljdinric 
acid or soluble sulphates, SrS 04 , white precipi- 
tate, forming SI 0 WI 3 ' irl the cold, more quickly on 
heating ; the precipitate is insoluble in ammonia- 
cal ammonium sulphate. Potassium chromate, 
yellow precipitate, SrCr 04 , only in concen- 
trated solutions. Ammonium oxalate, white 
precipitate (SrC 204 ), insoluble in acetic acid, 
soluble in hydrochlorio acid. 

Barium. — Ammonium carbonate, white pre- 
cipitate (BaCOj), soluble in dilute h 3 ’dro- 
chloric acid. Stdphuric acid or soluble sulphates, 
immediate white precipitate ( 63804 ) insoluble 
in ammoniacal ammonium sulphate. Potassium 
chromate, 3 ’ellow precipitate (BaCr 04 ), 
insoluble in acetic acid (distinction from Sr). 
Ammonium oxalate, white precipitate, 830504 , 
nearty insoluble in cold acetic acid, soluble in 
h 3 ’drochloric acid. Tctrahydroxybenzoqvinone 
(hot saturated aqueous solution), deep rod pre- 
cipitate insoluble in dilute hydrochloric acid. 
(Ijead gives a precipitate soluble in acetic acid ; 
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strontium gives a brown colour bleached by 
dilute hydrochloric acid). 

- Zinc. — Ammonium sulphide, white precipi- 
tate (ZnS), insoluble in acetic acid or alkalis, 
soluble in dilute mineral acids. Alkali hydroxide 
or ammonia, white precipitate, soluble in excess 
of reagent. Potassium ferrocyanidc, white 
precipitate, Zn 3 K 2 [Fe(CN) 5 J 2 , insoluble in 
dilute acetic acid. Potassium ferricyanide, 
orange precipitate, soluble in dilute hydrochloric 
acid or ammonia. This test is more distinctive 
in presence of certain aromatic amines, such as 
diphcnylamine or dicth 3 daniline (Cone and 
Cady, J. Amer. Chem. Soc. 1927, 49, 2214). 
Diphenylthiocarbazone (Dithizone) (0-002% solu- 
tion in carbon tetrachloride), a slightly acid, 
sodium acetate buffered, solution of zinc salt 
when shaken with this reagent converts the 
original green colour to purple-red. Ni, Co, 
and Cd do not interfere under these conditions, 
but Cu, Hg, Ag, Au, Pd, and Sn" should bo 
removed (Fischer and Leopold!, Z. anal. Chem. 
1934, 97, 385). Dorneolglycuronic acid, a 
reagent prepared from the urine of dogs fed 
with borneol, is said to bo specific for zinc in 
absence of cadmijira ; a white precipitate 
(C 45 H 250 ,) 2 Zn, 2 H 20 is obtained (Quick, 
Ind. Eng. Chem. Anal. 1933, 5, 26). 

Cadmium. — Hydrogen sulphide, yellow pre- 
cipitate, insoluble in alkali or ammonium 
sulphides and potassium cyanide ; soluble in 
hot dilute mineral acids. Caustic alkalis or 
(iinmonta, white precipitate, CdiOH),, soluble 
in excess of ammonia. Diphenylcarbazide 
(saturated solution in 90% alcohol) in neutral 
solution, blue-violet colour on adding’ammonia ; 
the interfering action of copper is prevented by 
adding potassium thiocyanate and potassium 
iodide (Feigl, Z. anal. Chem. 1923, 62, 369). 
Thiosinamine in presence of sodium hydroxide, 
yellow precipitate on heating (Gutzeit, Helv. 
Chim. Acta, 1929, 12, 713). 

Mercury. Mercurous Salts. — Soluble 
chlorides, white precipitate (HgjClj), in- 
soluble in most non-oxidising solvents ; blackened 
with ammonia; alkali hydroxides, black pre- 
cipitate. Potassium iodide, greenish-yellow 
precipitate (HgjL), soluble in excess with 
separation of mcrcui- 3 \ Stannous chloride, grey 
precipitate (Hg), Diphenylcarbazide (1% 
alcoliolic solution) to faintly acid test solution 
(p,i about 3-8) — blue-violet colour soluble in 
chloroform or benzene. 

Mercuric Salts. — Hydrogen sulphide, 
whitish- 3 'cllow precipitate, rapidly becoming 
red and then black (HgS); insoluble in am- 
monium sul])hide or nitric acid, soluble in sodium 
sulphide (Na 2 HgS 2 ) or aqua regia. Alkali 
hydroxides, in excess, yellow precipitate. 

I Potassium iodide, scarlet precipitate, soluble in 
excess. Stannous chloride, white precipitate 
rapidly' turning grey with excess. This test 
is more distinctive in the presence of aniline 
(Tananaev, Z. anorg. Chem. 1924, 133, 372). 
Diphenylcarbazide, as for mercurous, but colour 
is insoluble in benzene. 

I Boron. Borates. — Silver nitrate, white 
precipitate (AgBOj) from moderately con- 
centrated solutions, soluble in nitric acid 
or ammonia ; in dilute solutions or on warming 
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brown sUvcr oxide is formed. AlccAdl and 
ttrm'j $ulphxinc flcid, green edged flame on 
burning tbo alcohol; methyl alcohol is more 
6ensiti\e than ethanol (copper and banum 
interfere). Turmeric paper dipped into a 
eolation of borate acidified with dilute hydro 
chloric acid and dried, orange to red colour 
becoming blue Mack, with alkalis. 

Perborates. — ^Tests for perborates resemble 
lho«e for hjdrogen peroxide, a yellow colour 
is formed with tilanwn iriehlortde, while 
afjucous chrome alum gives blue perchromie 
acid soluble in ether. 

Aluminium. — Ammonia, white gelatinous 
precipitate, AllOHlj; allah hy'lroxtdet give 
the same precipitate soluble in cxcc's of the 
rc.igent but repreeipitated by ammonium 
chlonde. Soluble sulphides and earbonates 
also form the hydroxide with liberation of 
hydrogen sulphide and carbon dioxide respec 
tivcly. Aluminon (aunntncarboxylic acid), 
red lake with dilute acetic acid test solution, 
colour due to excess of reagent is minimised 
by adding ammonia and ammonium carbonate. 
(Fe and reducing agents mterfere) ilortn 
(tetrahydroxy-flavanol). a saturated solution 
of the dj c yields a green fluorescence with dilute, 
neutral, or acetate.buflcred solutions containing 
aliimmium (Ecgrme, Z anal Chem 1929, 76, 
440). 

Catllum . — Ammonia or allofi hifdroxides, 
white precipitate, Ga(OH)j, soluble in 
excess; precipitation is lundered by tartrates 
Soluble carbonates gi\e a white precipitate of 
basic carbonate soluble in ammonium carbonate 
Potassium ferroej/anide, white precipitate, in 
soluble in hydrochloric acid (up to 36N). 
The acn*itii ity of this test is increased by adding 
manginous chloride and an oxidising agent 
(KBrOy), when a red brown colour or precipi- 
tate IS obtained (I’oluektos , iMikrocbcm 1936, 
19, 24S). Alisarin in presence of ammonia .and 
ummonium chlonde, bright red lake. 

These tc«t8 should be carried out after extrac- 
tion of gallium chloride with ether, reinoaal of 
gallium hydroxide with sodium hydroxide, and 
prciipitation with 8 hydroxy quinoline. Tlie 
galltuTii complex la then decomposed with 
Ai'iutc acid Vi'o’iueVtov, 1 c'). 

Indium, — Ammonia, avhite precipitate, 
In(OH),, only slightly soluble in cxcees. 
Allah hydroxides, similar precipitate peptiscd 
by excess of reagent, but coagulated on twiling 
or standing. Soliiile earbonal/s, white pre- 
cijiit.atc of banc carbonate, soluble in ammonium 
carbonate. Hydrogen sulphide, yellow pre 
cipitate (InyS.) m neutral or aectie acid 
solution; soluble m sodium sulphide or dilute 
mineral acids, polasiiiim /crroeyanirfe, white 
precipitate more soluble in hydrochloric acid 
than the gallium compound. Aluminon, red 
lake, insoluble in ammonia but decomposed 
by ammonium carbonate (distinction from Sc 
and Al). 

Thallium. Thallous Salts. — ScluMe 
chlorides, white precipitate (TICl), slightly 
soluble in cokl water, more soluble in hot. 
Potassium iodide, yellow precipitate only slightly 
soluble in sodium thiosulphate (distinction from 
Pb). .Immonium sulphide, bjack prcciptatc. 


<TI,S), easily oxidi-.ed in air ; the precipitation 
with hydrogen sulphide from neutral solution 
is incomplete. Polassium chromate, yellow 
precipitate, (TljCrOy). iSodii/m co6ai/ini/nle, 
pale red crystalbnc precipitate. 

Thatlic Salts . — Soluble chlorides, no pre 
cipitate Potassium iodide, brown precipitate 
(probably mixture of Til, Til, and Tl!,). 
Allah hydroxides or ammonia, brow n precipitate 
{TI{OH),). 

Thaltic salts give blue colorations with 
bemtdtne acetate, a-naphihol or dimethyl p. 
pkenylenediamine; other oxidising agents pro- 
duce similar colours 

Rare Earth Metals. — These belong to the 
third analytical group and are precipitated by 
ammonia as hydroxides insoluble in alkali 
hydroxides; tartrates and citrates hinder pre- 
cipitation, They form neutral or basic carbon- 
ates with ammonium carbonate, the yttrium 
earth earbonatea being soluble in excess. They 
also form insoluble phosphates. 

Mmerals containing the rare earths may in 
some cases be decomposed with hy'drochJono 
acid, others yield to sulphuric acid, while a few 
requirealkali fusion Alternatively, hydrofluoric 
acid may be used and is advantageous m that 
'rare earth (and thorium) fluorides are insoluble 
m excess of this acid whereas most other 
fluorides dissolv e The commonest method of 
separating tins group is as oxalates which arc 
insolubleinexcess of oxalic and , m this way any 
zirconium, aluminium, iron, or hexavalent 
uranium may be removed Thorium, which 
generally accompanies the inrc earths, may be 
separate by means of hydrogen peroxide, 
ammonium scbacate, boiling with sodium thio- 
sulphate or by taking adv antago of the solubility 
of Its oxalate in ammonium oxalate The two 
last methods also serve to remove scandium 

With the exception of cerium the rare earths 
can only be separatctl from each other by 
tedious fractionation following upon the division 
into the yttrium and cerium groups. This is 
accomplished by the use of saturated potassium 
or sodium sulphate when the cernici group iv 
precipitated as double sulphates insoluble in 
alkali sulphate The separation is not sharp 
and must ioYlow t'lic lines ol a Ii actionation. 

Cerium is remov ed by oxidising w ith potassium 
bromate in neutral solution when the ceric salt 
hydrolyses and a basic salt is precipitated It is 
also separated as the double ammonium nitrate 
Ce(NO ,)4 2(NH,)NO,, which is sparingly 
soluble in niti ic acid. Altematn ely' cerium (and 
thorium) m.iy be precipitated as icmates. 

Traces of cerium may be detected by they ellow 
colour given with hydrogen peroxide in alkaline 
solution, by the inten«e blue colour developed 
by ceric salts with benzidine acetate, or by the 
scarlet colour giv en with metby lene blue. 

Lanthanum may’ be detected by the blue 
adsorption complex of its basic acetate with 
iodine (see Acetic Acid). 

Carbon. — Carlion is detected by its appear- 
ance, by its inactivity towards the usual 
analytical reagents, and by its combustion mair 
or oxygen to form carbon dioxide. This 
oxidation may also be accomplished with 
potassium dichrumatc and sulpbilnc acid. 
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Carbon Monoxide. — A colourless, poisonous 
gas which readily burns in air with a blue flame 
forming the dioxide. It is detected by the 
liberation of iodine from iodine pentoxide, by its 
power to reduce palladous chloride to palladium, 
and by its alteration of the absorption spectrum 
of blood. 

Carbon Dioxide {see Carbonates). 

Cyanogen. — Cyanogen is a colourless gas 
with the odour of peach kernels ; it burns with 
a purple flame. If the dry gas is passed into an 
alcoholic solution of sodium hydrosulphide, the 
solution becomes dark red and on acidification 
rubeanic acid is precipitated. A dilute alcoholic 
solution of this acid gives a violet precipitate 
with ammoniacal nickel salts. 

The gas may also be detected by passing it into 
a solution made up of 2 c.c. saturated picric acid, 
18 c.c. of alcohol, and 5 c.c. of 15% potassium 
hydroxide, when a purple-red colour forms which 
soon turns brown. 

Carbon Disulphide. — Colourless liquid with 
characteristic odour giving a white compound 
H'ifh phenylhydrazine and a red crystalline 
compound with triethylphosphine. It dissolves 
in sodium sulphide solution forming sodium 
thiocarbonato (Na 2 CS 3 ), which yields a brown 
precipitate with silver nitrate soluble in excess 
thiocarbonato ; lead nitrate gives a red pre- 
cipitate quickly' becoming black. 

- Shaken with ammonia (0'880) the upper layer 
contains ammonium dithiocarbamate, which 
gives a black precipitate with silver nitrate in 
neutral or alkaline solution. The liquid assumes 
a red colour discharged by' acetic acid (Gutzeit, 
Helv. Chim. Acta, 1929, 12, 713). 

Small quantities may' bo detected by test 
papers made with a solution of a copper or cobalt 
salt in excess of dimethylamine or pyridine which 
develop brown colorations. Hydrogen sulphide 
interferes but not in the presence of cyanide. 

Cyanides . — Dilute acids, hydrogen cyanide 
evolved (sometimes only on heating) ; absorption 
of flic gas in yellow ammonium sulphide and 
treatment of solution with ferric chloride gives a 
blood-rcd colour. Silver nitrate, white pre- 
cipitate, insoluble in cold dilute nitric acid, 
soluble in ammonia or excess of cyanide. 
Prussian blue test. To the solution is added 
successively' caustic soda, ferrous sulphate, a 
few drops of ferric chloride and heated. On 
adding hy'drochloric acid in excess the presence of 
cy'anido is denoted by' a blue colour or precipitate. 

Cyanates . — Dilute acid, carbon dio.xido is 
evolved and an ammonium salt formed. Silver 
nitrate, white precipitate (AgCNO), soluble in 
dilute nitric acid or ammonia. Cobalt acetate, 
blue colour, Kj[Co(CNO) 4 ], becoming pink 
on dilution; the blue colour is more stable in 
ether. 

Thiocyanates . — Silver nitrate, white pre- 
cipitate insoluble in dilute nitric acid, soluble 
in ammonia. Ferric chloride, blood-red colour 
discharged by' mercuric chloride. Cobalt chloride, 
blue colour soluble in ether and amyl alcohol. 
a-Kaj^hthol (20% alcoholic solution), and con- 
centrated sulphuric acid, green coloiu- becoming 
violet on shaking. Copper sulphate, black precipi- 
tate, Cu(CNS) 2 , becoming white Cu^fCNS), 
on adding sulphurous acid. 


ANALYSIS. 569 

Ferrocyanides. — Heated with dilute sul- 
phuric acid they evolve hydrogen cyanide, 

I while with strong acid carbon monoxide is 
liberated. Silver nitrate, white precipitate 
insoluble in nitric acid, sparingly soluble in 
ammonia ; soluble in potassium cyanide. 
Copper sulphate, chocolate-brown precipitate. 
Ferric chloride, dark blue precipitate. Ferrous 
sulphate, white precipitate rapidly becoming 
blue. Ammonium molybdate in dilute hy'dro- 
chloric acid solution, brown precipitate of 
molybdenyl ferrooyanide. (Separation from 
ferricyanides.) 

Ferricyanides . — Silver nitrate, orange pre- 
cipitate insoluble in nitric, acid, soluble in 
ammonia. Ferric chloride, greenish-brow’n 
colour. Ferrous sulphate, dark blue precipitate. 
Cadmium nitrate, orange precipitate. 

Ferroeyanides may be separated from ferri- 
cyanides or thiocyanates by precipitating as 
thorium ferrocyanide in dilute acid solution or 
as the molybdenyl compound. Ferricy'anides 
and thiocyanates can be separated by pre- 
cipitating the former as the cadmium salt- 

Nitroprussides. — Heated with hydrochloric 
acid they give hy'drogen cyanide and ferric 
chloride. Alkali sulphides, purple colour 
destroyed by alkalis. Sodium amalgam in 
alkaline solution gives sodium ferrocyanide and 
ammonia; in acid solution it forms “Prussian 
Blue.” Zinc nitroprusside gives a rose colour 
with sulphur dioxide. 

Carbonates and Bicarbonates. — Dilute 
acids, evolution of carbon dioxide which turns 
lime or baryta W'ater turbid. Barium chloride, 
white precipitate. Mercuric chloride, red pre- 
cipitate of basic carbonate, bicarbonates give a 
yellowish opalescence only. Calcium sulphate, 
immediate white precipitate with carbonate; 
bicarbonates give same precipitate on standing 
or addition of ammonia. 

Formates . — Concentrated sulphuric acid, evo- 
lution of carbon monoxide without blackening. 
Silver nitrate, white precipitate in strong 
solutions ; rapidly’ darkens precipitating metallic 
silver. Mercuric chloride, white precipitate 
turning grey with excess of formate. Ferric 
chloride, dark red colour depositing brown 
precipitate on boiling. The red colour is dis- 
charged by mineral acids. 

Free formic acid gives a reddish-yellow colour 
when wanned with strong sodium bisulphite 
solution. 

Acetates . — Concentrated sulphuric acid, evo- 
lution of acetic acid on heating ; addition of 
ethyl alcohol gives the characteristic odour of 
ethyl acetate. Ferric chloride gives an analogous 
reaction to that with formates. Arsenious oxide 
heated with acetates, yields cacody’l-oxide, 
As,(CH 3 ) 40 , jvith nauseating odour. Lan- 
thanum nitrate and ammonia, W’hite basic lan- 
thanum acetate which with iodine in potassium 
iodide forms a blue adsorption complex similar 
to “ starch iodide.” Propionates give a similar 
reaction, but other organic acids only depress 
the sensitivity cf the test (Kruger and Tschirch, 
Ber. H)29, 62 [B], 2776 ; Chcm.-Ztg. 1930, 54, 

Oxalates. — Concentrated sulphuric acid, 
evolution of carbon monoxide and dioxide. 
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Poftunam permanganale and dilute eutphuric 
aeidt dt^colooiued on adding drop by drop to 
warm tnt solntion. Calcium chloride, white 
precipitate, insolnble in acetic acid, at^ble in 
dilnte mineral acida. Petorcinol (concentrated 
solntion), followed by concentrated anlphnric 
acid down the side of the tube, blue ring at the 
interface on gently shaking. Ammonium mefa- 
ranadate (0-5% eolation) and a few drops of 
hydrogen peroxide giro a niby red colour with 
oxalates (other reducing agents interfere). 

Succinates . — Calcium or barium chlonde, 
white precipitate if not too dilute. £ift«r 
nitrate, white precipitate, aolublo in nitric acid. 
Ferric chloride, radish-brown precipitate of 
basic ferric succinato, aoluble in dilute acids, 
decomposed by ammonia. 

The dry 6ul»tance heated with resorcinol and 
1-2 drops of concentrated sulphuric and jieldsa 
green fluorescent aolation on extraction with 
alkali. 

M alates, — Calcium chlonde, white precipitate 
only in strong, hot solutions or on adding alcohol. 
Lead acetate, white precipitate (PbC 4 H 40 j), 
melting m hot water, soluble in naem acetic 
acid. Silrcr nitrate, white precipitate becoming 
grey on boiling. 

Strong solutions of the acid containing a little 
ferrous sulphate give an intense rod colour when 
treated carefully at 0° with hydrogeo peroxide. 
Addition of feme salts intensifies the colour. 

Tartrates.— Ca/cium chloride, ^fhite pte 
cipitate solohle m dilute in ineral and acetic acids , 
soloble in sodium hydroxide after washing 
but jeprecipitated on boiling Silter pilrate, 
white precipitate soluble in nitne acid and 
ammonia i the eolation m the minimal quantity 
of the latter reagents deposits a silver mirror on 
warming. Potaasium acetate and aeetic acid, 
white precipitate more complete on uarnnng. 

Oxidation with hydrogen peroxide m the 
presence of ferrous sulphate («« Malales) 
produces a deep xiolct or blue colour on adding 
excess of caustic soda. 

Citrates . — Calcium chloride, white precipi- 
tate of calcium citrate formed more readily on 
boiling or adding a little sodium hydroxide. 
Cadmium chloride, gelatinous white precipitate 
insoluble in hot water, soluble in aeclic bckI 
(diilercncc from tartrate). 3Iercurte oulphate 
in acid solution followed by potaasium perman- 
jraiiafe, white turbidity due to mercuric acetone- 
dicarboiylato (halogens interfere). Silrer 
nitrate, white precipitate soluble in ammonu 
but ammomacal solution not readily reduced on 
warmmg. 

Benzoates . — Mineral acids, white crystalline 
precipitate of benzoic acid (tn.p 121"), sparingly 
soluble in cold water, readily so in alcohol or 
ether. Feme chloride, reddish brown preciptate 
decolourised by hydrochlonc acid to white 
benzoic acid. Silver nitrate, white precipitate 
soluble m hot water. Soda hme, evolution of 
benzene on dry distillation with this reagent. 

Salicylates . — Mineral acids, white crystal- 
line precipitate of sahcylic acid (m.p. JSS"). 
Feme chloride, purple or violet colour even 
with dilute solutions ; the colour is discharged 
by mineral acids and by organic acids or 
alkalis if present in excera. Silrer nitrate, white 


prcriplate soluble in hot water. S/roajsttlpfturle 
aod and methyl alcohol, eharactenstic odour of 
methyl salicylate (oil of wintergreen) on heating, 
firomine irofer, white precipitate yielding phenol 
with sodium amalgam. Soda lime, odour of 
phenol on dry distil^Uou. 

Gallic Acid . — Ferric chloride, bluish-black 
precipitate soluble in excess to green solution. 
Oelaltn or albumin, no precipitate (distinction 
ftom tannic acid). Ammoniacof aifrrr nitrate, 
sdrer mirror e\en in the cold. Lime voter m 
excess, blue precipitate becoming dark on stand- 
ing. Potassium cyanide in dilute solution, rose 
colour fading quickly but reappearing on shaking 
m air. Afiufi hydroxides, greenish coloration 
becoming brownish red witli excess. 

Tannic Acid . — Feme chlonde, bluish black 
precipitate or coloration. Gelatin or albumin, 
immediate white precipitate. Lime tailer, 
greyish white precipitate. Potassium cyanide, 
yellow ish-red colour not fading appreciably. 

Reactions with ammomacal silttr nilrote or 
aUalt hydroxides arc similar to those with gallic 
acid. 

Pyrogallol. — Ferric chloride, reddish-ycIIow 
colour. Concentrated hydrochloric acid, with 
formaldehyde (2-3 drops), white precipitate 
rapidly changing through red to purple. SiUer 
nitrate, deposits sihcr cicn from cold neutral 
reagent solution. Allah hydroxides, ycIloiF 
aoIutioD rapidly becoming dark brown. 

Phenol. — TerTic thlonit, violet colour dis- 
charged by acids and alkalis Bromine traler, 
white precipitate of tnbromophenol , excess of 
reagent forms Inbroroophenol bromjde which 
when washed well liberates iodine from potassium 
iodide Sodium hypochlorite and aminoiiia, 
blue colour on warming, changed to bright red 
with hydrochloric acid. Strong eidpAiirie oeid 
and a ensta) of sodium nitrite, green or blue 
solution becoming red on pouring into water: 
excc«3 of alkali reconi erts the colour to blue. 

Uric Acid. — The alkali salts reduce eiher- 
nitrate in the cold and Fchling's solution on 
boiling. Soda lime, dry distillation leads to 
evolution of ammonia and formation of sodium 
cyanide which can be detected by tho Prussian 
blue test. .Yifric acid, followed by careful 
evaporation of solution to dryness, orange 
residue devclopmg an mten«c violet colour with 
ammonia and* a blue colour with alkali 
hydroxides (Murexido test). 

Silicon.— Jiticnfes. Most sibcates arc in. 
soluble in water; those that arc soluble and a 
few insoluble ones are decomposed by acids 
depositing silicic acid; others require fusion 
with sodium and potassium carbonates, acidifies- 
tion of the melt with hydrochlonc acid yields 
Bihctc acid which when evaporated to <lryness 
with excess acid furnishes sibca (SiOj) insoluble 
in all acids except hydrofluoric. Fluorides and 
strony sulphuric oci’d, ciolution of sibcon tetra- 
fluonde detected by forming a white gelatinous 
film on a wet glass rod. Calcium chloride or 
silver nitrate, white precipitate with solu^ 
silicates ; the precipitates are easily decomposed 
byacids. 

Traces of sibcic acid arc identified after bring- 
ing into solution by adding excess of araroonmm 
molybdate and careful acidification. The 
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ycllow-grcen colour of the silicomolybdic acid 
formed {H 8 [Si(M 02 O 7 )„].rH 2 O} may bo in- 
tensified by adding a reducing agent such as 
sodium sulphite (in which case the previous 
acidification is made with acetic acid) or strongly 
alkaline sodium stannite ; in both cases a 
deep blue colour is formed (Oberhauser and 
Bergheim, Z.. anorg, Chera. 1929, 178, 381 ; 
Isaac, Bull. Soc. Chim. biol. 1924, 6, 1.57). 
If benzidine be used as reducing agent, the blue 
colour can be extractetl with amyl alcohol 
(phosphates interfere) (Beigl and Krumholz, 
Ber. 1929,62, [B], 1138). 

Silicofluorides . — Silieofluorides decompose 
on heating liberating silicon fluoride and leaving 
a residue of metallic fluoride. Heated with 
strong sulphuric acid they give silicon fluoride 
and hydrogen fluoride. JJariiim chloride, white 
precipitate (BaSiFg) nearly insoluble in dilute 
hydrochloric acid. Potassium chloride, white 
precipitate from moderately strong solutions. 
Thorium nitrate, white precipitate. 

Germanium. — The outstanding feature of 
this element is the ready volatility of its chloride, 
whereby it ma}' be separated from all elements 
except tervalent arsenic and selenium. Small 
quantities may be detected by electrolysis of 
alkaline solutions with nickel electrodes or reduc- 
tion with sodium amalgam and passing the 
germanium hydrides formed through a heated 
tube when a brownish or metallic stain is pro- 
duced j pentavalent arsenic does not interfere 
(Coase, Analyst, 1934, 59, 402, 747). 

Germanates with ammonium molybdate in 
dilute nitric acid give blue colours with benzidine 
acetate or Slohr’s salt and sodium acetate; 
silicates and phosphates interfere (Komarovsky 
and Poluektov, Mikrochem. 1933, 18, 00 ; 
Z. anal. Chem. 1930, 105, 23). 

Germanates in molybdate-nitric acid solution 
if evaporated to dryness, extracted with water 
and filtered give with cold lead chloride solution 
a pale yellow crystalline precipitate of lead 
germanomolybdate. Hydrogen sulphide in strong 
acid solution {5N-), white precipitate soluble in 
alkalis, ammonia and alkali sulphides ; no 
precipitate in the presence of excess of hydrogen 
fluoride (distinction from As). Alkalis or 
ammonia, partial white precipitate only from 
concentrated acid solutions and soluble in 
e.xccss. 

Tin. Stannous Salts . — Hydrogen sulphide, 
chocolate-brown precipitate (SnS), soluble in 
ammonium polysulphide, insoluble in dilute 
hydrochloric acid, ammonia or ammonium 
carbonate. Caustic alkalis, white precipitate 
soluble in excess ; this stannite solution 
reduces strongly' ammoniacal silver nitrate to 
metallic silver in the cold (As"' and Sb’" 
solutions only reduce on boiling). Sodium 
nilroprusside in alkaline solution, groydsh-red 
colour turning blue with hydrochloric acid. 
Mercuric chloride, white precipitate becoming 
grey with excess of test solution. 4c-Chloro (or 
Melhyl)-l:2-dimercap1obenzene (0-2% solution in 
sodium hydroxide) added to a stannous solution 
in dilute hy'drochloric acid (3>15%) gives a 
pink or red colour on warming. Bismuth gives 
an easily' distinguishable brick red precipitate 
with this reagent (Clark, Analyst, 1936, 60. 242). 
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Stannic Salts . — Hydrogen sulphide, dirty 
yellow precipitate (SnSj), soluble in colourless 
ammonium sulphide or ammonia, partially 
soluble in ammonium carbonate ; insoluble in 
dilute hydrochloric acid. Mercuric chloride, no 
precipitate. Anhy'drous stannic oxide, when 
fused on charcoal, with fusion mixture 
(KNaCOg) and sulphur, gives a soluble 
melt containing alkali thiostannate, KNaSnSj, 
from which acid precipitates yellow stannic 
sulphide. 

Lead . — Soluble chlorides, white precipitate 
(PbClg) insoluble in ammonia, soluble in hot 
water. Hydrogen sulphide, black precipitate, 
insoluble in dilute hydrochloric acid, soluble in 
hot dilute nitric acid. Sulphuric acid, white 
precipitate, soluble in ammonium acetate or 
tartrate. Potassium chromate, yellow pre- 
cipitate insoluble in acetic acid, soluble in alkali 
hydroxides. Diphenylthiocarbazide (in carbon 
tetrachloride) shaken with lead solutions con- 
taining 5% potassium cyanide, gives a brick-red 
coloration (this test is specific for lend and 
detects 0-1 niicrog. in 0-05 c.c.). 

Oxidising agents form brown lead peroxide 
which gives a blue colour with tctramethyl-p- 
diaminodiplienylmethane or benzidine acetate 
(other peroxides interfere). Alternatively, the 
lend peroxide may be deposited anodically 
and then tested when only manganese interferes 
(Danckwort and Jurgens, Arch. Pharm. 1928, 
266, 367, 374 ; Necke and Muller, Angew, Chem, 
1935, 48, 259), 

Titanium, — Titanium is usually found as 
hydrated titania in the ammonia precipitate 
provided suffieient acid has been present during 
earlier treatment to prevent hydrolysis. Alkali 
hydroxides or carbonates, ammonia or ammonium 
sulphide, white precipitate of orthotitanic acid 
in the cold ; soluble in dilute acids, slightly 
soluble in alkalis ; hot precipitation produces 
metatitanic acid (HjTiOj), which is insoluble; 
precipitation is hindered by tartrates. Sodium 
thiosulphate or acetate, white precipitate on 
boiling. Potassium ferrocyanide, reddish-yellow 
precipitate with Ti'*' ; lower valencies give dark 
brown precipitates. Peducing agents give 
violet, blue, or green colours. Hydrogen per- 
oxide in weak acid solutions, yellow to red colour ; 
fluorides, phosphates, excess of alkali salts, 
Fe—, Cr", Mo and V interfere. Tannin 
in neutral oxalate or tartrate solutions, deep 
orange precipitate on warming, soluble in 
mineral acids and oxalic acid. 

Many phenols give red or yellow colours 
with quadrivalent titanium ; thus thymol in 
80% sulphuric acid and in the absence of tung- 
sten gives n yellow to dark red colour. 

Zirconium and Hafnium. — These two 
elements cannot, at present, bo differentiated 
by qualitative analysis. Alkali hydroxides, 
ammonia, ammonium stdphide, white gelatinous 
precipitate, insoluble in excess ; soluble in dilute 
mineral acids (avoid sulphuric) when precipitated 
cold, soluble only in concentrated acids when 
produced from hot solutions. (Tartrates inter- 
fere.) Ammonium oxalate, white precipitate 
soluble in excess of reagent (distinction from 
Al and Be); this solution also gives no pre- 
cipitate with hy'drochloric acid (distinction from 
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Th). rolatsium tvlphate in cold eoneentiated 
solution, Tcbite precipitate, 

[Zr(Hf)0{S04),lK,.3Hj0, 

insoluble in excess. Sodium phosphaU, white 
precipitate insoluble in mi^erately strong 
mineral acids (separation from most other 
elements). llydrogtn ptroztde, white milky 
precipitate Lberatmg chlorine when warmed 
with hydrochloric acid, ^'annin, no precipitate 
from neutral oxalate solution. Ahaann 3- 
sulphonic acid, ciolet colour becoming yellow 
with traces of fluonde (Basart, Z. anorg. Chem. 
1926, 152. 213). 

Thorium.— All-oil hydroxides or ammonui, 
white gelatinous precipitate {Th(OH),) in- 
soluble in excess. Alloli and ammonium eat- 
bonates, white basic carbonate soluble in 
excess. Oxalic acid, white precipitate insoluble 
in dilute mineral and oxahe acids. Aramonium 
oxalate, same precipitate, soluble in excesa 
but repreeipitated by dilute mineral acids 
Hydrogen peroxide m neutral or sbghtly acid 
solution, complete precipitation of thorium 
peroxide (separation from Ce). Potassium lodate 
in nitric acid solution, white precipitate 
^h(IOj)J (distinction from Ce and Sc) 
Soluble jluorides, white precipitate (ThF^), 
(separation from Sc] 5e5acic and with neutral 
solution, white precipitate (separation from rare 
earth metals). 

Nitrogen, Hydrazoic Acid.— i'ewc cWor- 
%it, blood-red colour disappearing on boilmg 
with deposition of feme hydroxide. It is 
distinguishable from the colour with thio 
cyanatea in being discharged by dilute mineral 
acids and being loss easily aHected by mercuno 
cblonde. Iodine and one drop of sodium thxo 
eulphate, eiolution of nitrogen. No reaction 
takes place between soluble azides and lodme 
except in the presenceof thiosulphates, sulphides, 
or thiocyanates. Copper eulphate, red-brown 
precipitate } silter nitrate, whita precipitate, 
insoluble in cold dilute nitric acid, soluhlc m 
ammonia. 

Hydrazine. — Powerful reducing agent pre 
cipilating merciirj-, silxer, gold, etc., from 
solution , benzaldehyde in acid or alkahne solu- 
tion, yellow precipitate of benzaldazuie, 

CjHiCH N N CHCjH,. 

Ethyl mlrite and aUali, hjdrazine is oxidised 
to b>drazoic acid which can be detected with 
feme chloride. Copper sulphate with hydrazine 
hydrate, blue precipitate. 

Hydroxylamlne. — The reducing action of 
hjdroxylamine is not so great as that of 
hjdrazine. Copper sulphate in arerooniacal 
solution, red cuprous oxide. JJenzoyl ehlondc 
and sodium acetate, benzhydroxamic scid is 
formed which gives a Molct eolour with feme 
chloride. Ammonium polysulphide boded with 
test solution until sulphur appears and 2 c.c. 
strong ammonia and 2 c.c. alcohol added, 
purple red colour (hydrazine does not interfere). 

Solutions of hjdroxjiammo treated with a 
fragment of sodium nitroprusside and a little 
sodium hydroxide give a magenta colour when 
heated quickly to 100°. 


Ammonia and Ammonium Salts. — Am- 
monia is a colourless gas with a characteristic 
odour and an alkahne reaction in the presence 
of moisture. It gives copious white fumes with 
hydrogen chloride. It may be detected by the 
purple colour given with tetrapiethyldiainino- 
diphenylmethane or the carmine red colour with 
logwood extract. A very sensitive test is the 
silver mirror which it produces on a drop of 
Sliver nitrate solution containing 3% formude- 
hyde. Ammonium salts are volatile and 
liberate ammonia when heated with hme or 
caustic alkalis. Plalinichlcric acid, yellow 
crystallme precipitate slightly soluble in water. 
Hesslcr's reagent (KjHglj and KOH), yellow 
solution to brown precipitate. Phenol (4% 
solution) and dilute sodium hypochlonlt, blue 
colour. 

Ammomum salts, like those of potassium, gi\o 
a precipitate with sodium cobaltimtnte, but they 
differ from this alkah metal in giving no pre- 
cipitate with perchloric acid or iluosihcic acid. 

Nitrates , — Sulphuric acid, evolves nitric 
acid on beating ; if metalhc copper he added 
then brown oxtdes of nitrogen are liberated. 
Ferrous sulphate and strong sulphuric acid, 
the neutral test solution is mixed with ferrous 
sulphate and the acid then poured carefully 
down the side of the tube, dark purplish 
browna ring is formed at the interface (iodides 
and bromides interfere). Brucine m strong 
suJpbunc acid, red colour (oxidising agents 
must be absent) Diphenylamtne or diphenyl- 
benzidine m sulphuric acid, blue eolour. A'ltren 
acetate, white precipitate. 

Nitrites.— filter nitrate, white precipitate 
from strong solutions Stareh-iodide and aeetu 
acid, blue colour. Safranint T (0 03% solution] 
and dilute mineral acid, violet to blue colour. 
Potassium ferrocyanide and acetic acid, greenish- 
yellow colour (distinction from nitrate). Di- 
methyl-a naphthylamine (0 6% solution in 4A'- 
acetic acid) gives a rose red colour with a mtrite 
in 16% methanol. Dilute acetic acid solution 
of sulphanilie acid with a naphthylamine forms a 
deep red solution (Iloavay test). A more 
permanent colour is obtained if dimcthjla- 
naphthylamine is used (Geemuth, Ind. Kng. 
Chem. Anal. 1929, 1. 28). 

Phosphoru s. — This element may bo detected 
by its luminescence, or by conversion to phos- 
phine (PH,) on boihng with sodium hydroxide. 
The phosphine is detected by silver nitrate or 
mercuric chloride test papers which turn black 
or yellow respectively. 

Phosphates . — Calcium or barium chloride, 
white precipitate soluble m dilute mineral acid 
Ammonium molybdate in dilute nitric acid, yellow 
precipitate on warming, soluble in ammonia and 
excess of alkaline phosphate. A sensitiie 
reagent, producing a precipitate in the cold 
(distinction from arsenate), may be made ly 
dissolving 140 g. of ammonium molybdate in a 
mixture of 2(X) c.c. of ammonia (i=0 880) and 
200 c.c. of water. To this solution is added 
slowly, with stirring. 1,500 c.c. of nitric acid 
(d=l-23) and the mixture allowed to stand oier- 
B^ht in a warm place. Tlio clear solution u 
decanted and diluted with an equal volume oi 
water. Magnesium sulphate, ammonium thloride. 
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and ammonia, white crystalline precipitate, becoming black with hot caustic soda (CuO). 
IVlg(NH4)P04,6H20, soluble in mineral Ammontam moli/6da/e in sulphuric acid followed 
acids. Metaphosphates give no precipitate, by stannous chloride, blue colour (silicates, 
while the pyrophosphate precipitate is soluble phosphates, and germanates interfere), 
in excess of magnesium sulphate. Silver nitrate. Antimony. — Hydrogen sulphide, orange pro- 

yellow precipitate, soluble in nitric acid and cipitate, soluble in ammonium sulphide, sodium 
ammonia. Meta- and pyro-phosphates give hydroxide, and hqt strong hydrochloric acid, 
white precipitates. The meta- acid may be JValer in excess and in presence of chlorides, 
distinguished from the other two by its ability white precipitate (SbOCI) soluble in tartaric 
to coagulate albumin and by forming a brownish- acid and in mineral acids. Zinc in contact with 
yellow precipitate with luteo cobaltic chloride in platinum, black stain on the platinum which 
acetic acid solution. The pyro- acid gives an dissolves in nitric acid or ammonium sulphide, 
orange precipitate soluble in acetic acid. Pyrocatechol with antimony chloride in a solution 

Phosphites. — Barium chloride, white pre- first neutralised and then made acid with tar- 
cipitate (BaHPO,) soluble in hydrochloric taric acid, white precipitate (this test is said to 
acid. Silver nitrate, white precipitate, rapidly be specific). Pyridine and potassium iodide in 
darkening with formation of the metal especially strongly acid solution, yellow colour. Anti- 
in the presence of ammonia and heat. Mercuric pyrine and potassium iodide, yellow precipitate, 
c/iioride, white precipitate rapidly becoming grey. Bismuth. — Hydrogen sulphide, brown pre- 

Copper sulphate, pale blue precipitate. cipitate insoluble in ammonium sulphide. 

Phosphites are easily oxidised to phosphates soluble in nitric acid. IFaler in excess and in 
or reduced with nascent hydrogen to phosphine, presence of chlorides, white precipitate (BiOCI), 
Hypophosphites. — Heated alone they evolve insoluble in tartaric acid, soluble in mineral 
phosphine, while in solution they possess power- acids. Alkali hydroxides or ammonia, white 
ful reducing properties. Heated with excess of precipitate soluble in mineral acids. Stannous 
alkali they evolve hydrogen. Barium chloride, chloride (3 drops of 20% solution) in potassium 
white precipitate only from strong solutions. Aydrow'de (6 c.c. of 10% solution) and in presence 
Copper sulphate, red precipitate (CUjHj), of tartaric acid, black precipitate. Pyrogallolto 
giving metallic copper and hydrogen on heating weak hydrochloric acid solution (O'lAI-), yellow 
to 100°. crystalh'ne precipitate on boiling (Sb alone 

Silver, mercury, arsenic, and bismuth salts interferes, giving a white precipitate), 
are reduced to the metal. Hypophosphites Like antimony,^ bismuth gives delicate colour 
decolorise iodine in the presence of sulphuric reactions or precipitates with potassium iodide 
acid while phosphites only do so in the presence and certain organic bases ; e.g. quinine sulphate 
of sodium acetate. (orange-red colour) and antipyrine (brick-red 

Arsenic. — Arsenic compounds reduced with precipitate). The most delicate test is that 
zinc and dilute sulphuric acid form volatile given with potassium iodide and tetra-acetyl- 
arsino (AsHj), which is decomposed by heat ammonium hydroxide, an intense red colour 
giving a black deposit of arsenic soluble in develops which is soluble in benzene (Girard 
aqueous hypochlorites. A similar stain pro- and Fourneau, Compt. rend. 1925, 181, 610). 
duced with antimony is insoluble in hypo- Bismuth compounds heated on charcoal with 
chlorites (Marsh’s Test). Arsine is also pro- potassium iodide and sulphur give a crimson- 
duced on reduction w'ith zinc (or aluminium) red incrustation. 

and caustic soda and forms yellow to brown Vanadium (as vanadates). — Mild reducing 
stains on mercuric chloride test paper or a brown agents (H^S, SO^, ete.) in acid solutions, blue 
to black spot on silver nitrate paper (Gutzeit- vanadyl salts. Strong reducing agents (Zn-l- 
Fleitmann test). Hydrogen sulphide, yellow 112804), progressive colour changes of blue to 
precipitate, insoluble in hydrochloric acid, green to violet. Ammonium sulphide, deep 
soluble in ammonium sulphide or carbonate, brown solution, depositing a brown precipitate 
Phosphorus trichloride, brown precipitate (As) (VjS^) when acidified. Potassium ferrocyanide 
(distinction from Sb). JIf etalh'c copper and dilute in acid solution, green flocculont precipitate, 
hydrochloric acid, steel grey deposit on warm- Hydrogen peroxide in acid solution, reddish- 
ing. Heated in an open tube the deposit gives a brown colour insoluble in ether and unaffected 
w’hite ciystaUine sublimate (AS4O5). Stannous by phosphoric acid (distinction from Fe) or 
chloride in hot concentrated hydrochloric acid, hydrogen fluoride (distinction from Ti). Tannin 
brown colour or precipitate (As) ; a trace of with hot acetic acid solution, blue-black pre- 
mercuric chloride increases the sensitivity cipitate. Strychnine sulphate in strong sulphuric 
(Bottendorfi’s test). acid, blue-violet colour becoming rose-red. 

Arsenites. — Silver nitrate to solution kept Niobium (as niobates). — Mineral acids, -wbite 
neutral -with ammonia, yellow precipitate precipitate of niobic acid, sparingly soluble in 
soluble in nitric acid and ammonia, insoluble in excess. Zinc dust and acid, blue colour (distinc- 
O-S-l-GrY-sodium hydroxide. Ammoniacal tionfromTa). Hydrogen fluoride and potassium 
copper sulphate, green precipitate soluble in fluoride, no precipitate even on boiling. Tannin, 
excess of ammonia ; hot sodium hydroxide orange-red precipitate. Codeine, pink colour, 
turns the precipitate red (CujO). Tantalum (as tantalates). — Mineral acids. 

Arsenates. — Aihcr ntfru/e in neutral solution, white precipitate of tantalic acid soluble 
brick red precipitate, soluble in nitric acid and in excess. Hydrogen fluoride and potassium 
ammonia. Magnesia mixture, white crystalline fluoride, white crystalline precipitate, KjTaF., 
precipitate, Mg(NH4)As04,6H20. Copper on boiling. Tannin, pale yellow precipitate. 
sulphate in neutral solution, blue ■ precipitate Codeine, faint green colour. 
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Oxygen. — Free oxygen is detected by lU 
power to rekindle a glowing splint, bj* forming 
brown nitrogen peroxide with mtne oxide, and 
by the deep r^ colour gi>en with alkaline 
pyrocatcchol and ferrous sulphate- 

Ozone. — Ozone possesses a charactenstic 
odour and manifests the usual properties of a 
strong oxidant, but lioca not decoIourLse 
acidihed permanganate. Bemuhne tat poptr 
(made from a saturated alcoholic solution), 
brown colonr; nitrous fumes giie bhie colour; 
chlonne, blue and then red-brown ; hjdrc^n 
peroxide docs not interfere. I’etrjimethyl p 
diaminodiphenylmelhane Uit paper, xiolet 
colour; nitrous fumes give straw -yellow and 
chlorine and bromine blue colours. Hydrogen 
peroxide does not interfere. Ozone also destroys 
the fluorescence of fluorescein. 

Hydrogen Peroxide. — i’otaasium iodide and 
afarcA, blue “starch iodide” vlmmontocol 
sther nitraU, grey precipitate (Ag). The 
most usu.nl tests are tho formation of blue 
perchromic acid (set Cr) or yellow pertitanic 
acid (ace Ti). A highly sensilnc lest with a 
reagent made from 1% alcohoLc o fofidme 
(NH,-C,H,C,H, NH,). 

1% fcrrou9 tvlpkaU and acetate buffer at pn ^ . 
a blue colour is developed with 2 6xlCr* g 
H.O, (Kulbcrg and Statveev, J. Appl Chem. 
Rum. 1930, 9. 734) 

Sulphur.— This non metal bums in air form 
ing sulphur dioxide, it is soluble m carbon 
disulphide, forms sulphate with oxidising agents, 
and thiocyanate wheo heated with alkali 
c^'anidea. \Vith fuming sulphuric acid (SO,) 
eulphur gives blue solutions (</ eclenmm and 
tellunum). 

Hydrogen Sulphide and Metallic Sul* 
phides. — Hydrogen sulphide is easily detected 
by Its odour, by blackening lead acetate paper, 
or bj the orange colour produced with tartar 
emetic test paper 

Most sulphides evohe hydrogen sulphide 
when heated with hydrochloric and. ^Mium 
nitropruatde in alkalme solution, intense purple 
colour, fodiuni azide and iodine, evolution 
of jutrogrn on wArmixig JrscJuiJp aulpbides 
gii e this reaction also, but thiosulphates and 
thiocyanates interfere. 

Hyposulphites (hydrosulphites) — Detection 
of these salts (such as Na^SjO,) depends on 
their strong reducing action and thmr decom- 
position in acid media to form hydrogen 
sulphide. Ammoniami copper sulphate, copper 
mirror. Cwpric cAforide, white precipitate 
becoming black on wanning 

(CUjClj -+ Cu-f-Cu,S). 

Cadmiuin suljdiale in dilute aud, yellow pre 
dpitate on boiling. Ttlanie oxide in snlphonc 
aud solution, intense red colour gradually fading 
through yellow to colourless. 

Thiosulphates.— J/inenii acids, white pre- 
cipitate of sulphur and evolution of milphur 
dioxide. Silrer fii'trale, white precipitate, 
(AgjSjO,), passing through brown to black 
(AgtS) on w anning; sUver thiosulphate dis- 
eohesin excess of thiosulphate, lodineeolulton, 
decolourised and the solution then giics no pre- . 


I cipitate with barium chloride. SodiMm azide 
: and lodiBe, liberation of nitrogen, Jellev and 
Clark (BntJ. Phot. 1920,76,714) use this test as 
I followB ; 1 drop of the test eolation in a small 
crucible is treated with 1 drop of starch iodale 
: and I drop of 2*^0 sodium nzide. If the hquid 

• contams more than OO^l-Y-tluosulphate the 
coloar disappears. Feme chloride, tr.msient 
violet colour: 

Fe,(SjO j) 3 = FeS jOj-1- FeS.O,. 

Thionates (M,SxO,, •where x=2 to 5).— 
All thionates are deeoro{xi‘'ed by heat, jicldm" 
generally sulphates, sulphur dioxide, and, 

■ except with dithionates, sulphur. Reducing 
I agents (Zn and acid) liberate hydrogen sulphide 

■ on warming; oxidants form sulphates. 

Barium chlohde, no precipitate except after 

• oxidation. Mercurous »idra/e, black precipitate 

■ with trithionic acid; yellow precipitates with 
: the tetra- and pentA- acids. Ammoniaeal silrer 
■■ Ri(n>/e. with tnthionatcs — no brown colour m 

cold but bhek Ag{S on warming; with tetra- 
thionates — brown colour on wanning ; with 
pentalbionAtes — immediate brown colour 
dei eloping to black on standing. Caustic soda, 
precipitate of sulphur with nentathionie acid 
Dilute hydrochloric atid, eiolution of sulphur 
dioxide with tnthionatcs 

Sulphur Dioxide and Sulphites Sulphur 

dioxide is detected by its odour, its decolonsmg 
action on acid permanganate or iodine and by 
turning and dichroraato test paper green A 
rose red colour is also giien when zme nitro* 
prusstde is exposed flrst to ammonia and then 
to sulphur dioxide, 

(NH^),[SO,.NO Fe (CN),] 
Hydrochloric ocirf on salpAiles, eiolution of 
sulphur dioxide but no sulphur precipitated. 
Bartum chloride, no precipitate m the presence 
of hydroeiilonc acid, fooic aad and starch, a 
blue “ starch iodide ” is obtained with traces of 
sulphite ; excess of the latter destroys the colour. 
Fast Blue R (Oxozine) (0-0I°o solution), added in 
drops to sulphite solution, a violet and then 
yellow colour (sulphides interfere). 

Sulphates. — eMsmds and d/!ide 
AjnfrocAlorie acid, white precipitate, insoluble in 
acids and alkalis. Mercuric nitrate (10% 
Bolution m 1% nitric acid), yellow crystalline 
precipitate on boiling (HgSO^-SHgO). This 
teat may be used for insoluble sidphates. BariuM 
rhodiionate, decolorised by neutral or alkaline 
sulphates. This test is made on paper im- 
pregnated with fresh sodium rhodizonste 
solution followed by faintly acid banum chloride 
solution. Tho paper is used while still slightly 
damp. 

Persulphates. — ^Powerful oxidising agents, 
they are converted into aulpbates with reducing 
agenta or on heating; in the latter case oxygen 
IS evolved. Barium cAIonde, no precipitate 
except on reduction or heating. ntirale, 

black precipitate (Ag,0). Benzidine acetate 
in neutral or dilute acetic acid solution; blue 
colour (alkali peroxides, perborates, or hydrogen 
peroxide do not interfere; chromates, per- 
manganates, ferriejanides, and hypohabtes do). 
Potaesium pcnnanyanale, no decoloration. 
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Selenium. — Like ^ulpTiur, selenium is con- 
verted on heating in air or oxygen into selenium 
dioxide -nhich dissolves in water to form 
selenious acid. The same oxidation ~may be 
accomplished with nitric acid. Selenium is 
soluble in ammonium sulphide. Dissolved in 
strong sulphuric acid selenium .gives green 
coloration rendered more sensitive nn addition of 
codeine. 

Selenides. — Hydrochloric acid, evolution of 
hydrogen selenide on warming ; this gas is 
recognised by its odour and by the formation 
of a mirror under the conditions of the Marsh 
test for arsenic. If dissolved in water and air 
then passed through the solution, a red -pre- 
cipitate of selenium is obtained. Hydrogen 
selenide also gives a precipitate of sulphur and 
selenium with sulphites. Metallic silver, black 
satin stain with solution of selenides. | 

Selenites. — Hydrogen sulphide in dilute acid 
solution; lemon yellow precipitate (Se-fS), 
soluble in ammonium sulphide ; the precipitate 
becomes red on heating, deducing agents, 
precipitate of red or black selenium. Barium 
chloride, white precipitate soluble in dilute 
hydrochloric acid. Codeine phosphate added to 
selenites in strong sulphuric acid, green or 
bluish-green colour (Fe interferes). Magnesia 
mixture, white precipitate insoluble in acids. 

Selenates. — Hydrogen sulphide, no pre- 
cipitate. Mild reducing agents have no effect 
on selenates. Strong reducing agents, red or 
black selenium. Hydrochloric acid, evolution of 
chlorine on boiling. Barium chloride, white pre- 
cipitate (BaSe04) insoluble in cold dilute 
hydrochloric acid, dissolving on boiling. 

Tellurium. — Tellurium closely resembles 
selenium in its reactions ; the chief differences 
are listed below. With fuming sulphuric acid it, 
gives a carmine solution. Potassium cyanide 
fused with tellurium forms soluble potassium 
tcUuride ; its aqueous solution, when aerated, 
deposits the non-metal : 

2KsTe-i-2H20-f02=4K0H-t-2Te 

Under the same conditions selenium forms 
potassium selenocyanate, the solution of which is 
stable but gives selenium with acids : 

KCNSe-f HCl=KCl-hHCN-hSe 

Inasmuch as HCNS is stable to aqueous acids 
this cyanide fusion serves to separate the three 
elements of the sulphur family. Hydrogen 
•chloride, white precipitate of HjTeOj with 
tellurites. Hydrogen srdphide in acid solution, 
gives brown precipitate (Te-hS), with tellurites 
and tellurates, the precipitate dissolves in 
ammonium sulpkide. Sulphur dioxide, black 
precipitate (Te) with tellurites and tellurates 
except in strong hydrochloric acid solution, 
when no separation occurs^ even on boiling. 
Potassium iodide to acidified tellurite, a black 
precipitate, Te 1 4, dissolving in excess to KjT e 1 5 
Chromium. Chromic .Salts. — Alkali hy- 
droxides or ammonia, blue-green precipitate, 
Cr(OH)3, soluble in dilute acids; the 
precipitate is soluble in excess alkali hydroxide 
to a green solution and partially soluble in 
exce.ss ammonia to a pink solution ; in both 
cases the hydroxide is reprecipitated on boiling. 


Oxidising agents, yellow solution of chromate. 
Sodium phosphate, green precipitate soluble in 
acetic acid, but reprecipitated on boHing, Acid 
alizarin yellow PC., orange-coloured lake, 
stable to acids and ammonia. 

Chromates and Dichromates. — Beducing 
agents, colour changes from yellow to preen. 
Bead acetate, yellow precipitate, (PbCr04), 
insoluble in acetic acid. Silver nitrate, erimsan- 
red precipitate, soluble -in nitric acid and 
ammonia. Hydrogen peroxide in acid solution, 
deep blue evanescent colour, more stable if 
extracted with ether, amyl alcohol dr ethyl 
acetate. a-Naphihylamine, violet-black colour. 
Benzidine acetate, blue colour (other oxidising 
agents interfere with this and the previous 
test). JDisodium salt of k-.i-dihydroxnpiaph- 
thalene- 5 -B-disulphonic acid in aqueous solution 
and in presence of phosphoric acid gives a red- 
■brown colour. 

Molybdenum (molybdates). — Hydrogen sul- 
phide, reddish to brown colour in neutral or 
alkaline solutions ; acid solutions are coloured 
blue followed by a brown precipitate (M0S3) 
soluble in ammonium sulphide and nitric acid, 
insoluble in hydrochloric acid or boiling oxalic 
acid. Potassium thiocyanate, yellow colour 
changing to deep red with stannous chloride ; 
this colour is soluble in ether and is not affected 
by phosphoric acid (distinction from Fe"’). 
Potassium xanthate (alcoholic potash -(-carbon 
disulphide) in acetic acid, dark red colour 
soluble in ether or benzene (organic acids, Cu, 
Ni, Co, Fe, and UOj" interfere). /Sodium 
phosphate to nitric acid solution of molybdate, 
yellow precipitate on warming, soluble in 
ammonia or excess reagent. Phenylhydrazine in 
acetic acid, red colour or precipitate. Hydrogen 
peroxide and ammonia, red-brown colour. Sul- 
phuric acid solution of molybdate evaporated 
nearly to dryness develops a deep blue colora- 
tion. 

Tungsten (tungstates). — Hydrochloric acid, 
white amorphous precipitate in the cold 
(W03-2H20); changed to yellow on boiling 
(W03-H20). Metatungstates give no pre- 
cipitate except on boiling (phosphates and 
organic acids interfere). Reducing agents, 
blue colour (quinquivalent W). Hydrogen 
sulphide in acid solutions, no precipitate. 
Ammonium eidphide, no precipitate except after 
acidification, when brown WSj- is deposited. 
Rhodamine H (0-001% solution) with an alkali 
tungstate acidified with hydrochloric acid, 
violet coloirr or fluorescence (Hg", Au---, Sb, 
Bi, and Mo interfere). 

Uranium. — Uranium salts are divisible 
mainly into -two classes, the green uranous (U^) 
salts, which are strong reducing agents, and the 
yellow uranyl compounds possessing a greenish 
fluorescence. 

_ Uranous Salts. — Ammonium sidphide. Solu- 
tion darkens rapidly and gives a black precipitate 
on warmmg. Alkali hydroxides or ammonia, 
pale green precipitate {U(OH)4}, insoluble in 
excess ; oxidises in air -n-ith colour change to 
brown (tartrates and carbonates hinder pre- 
cipitation). Alkali carbonates or hicarhonates, 
pale green precipitate soluble in excess of 
bicarbonates or ammonium carbonate 4 easily 
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oxidised in air. Poltusium ferroe^niie, yellow- 
ish-green precipitate gradually becoming brown. 
Solubhfiuoridu, precipitate of UOFj. Umnoos, 
but not uranyl, salts giv e a precipitate with enp- 
ferron. 

Uranyl Salts.— .ilmmonium sulp&ide, brown 
precipitate (UO^S), insoluble in excess, 
soluble in dilute acids and ammonium carbonate 
(distinction from Zn, Mn, Fe, etc). Allah 
hydroxiJ<s or ammonia, yellow precipitates of 
diuranates, (hindered by tartrates, 

citrates, or peroxides), soluble in ammonium 
carbonate. Potassium /erroeyaniJe, deep red 
precipitate soluble in sodium hydroxide, am- 
luonium carbonate, or dilute hydrochloric acid 
(distinction from Cu**). rAioeinamiaemalkalme 
solution, yellow precipitate , this test is said to 
be specific in the absence of cadmium Hydrogen 
peroxide, pale yellow precipitate becommg deep 
yellow or red with carbonatea (Cr, Ti, and V 
interfere). Turmeric paper with shghtly acid 
test solution, brown colour darkening with 
sodium carbonate. 

Fluorine. — A colourless, highly corrosice 
gas. It may be detected by its ahibty to etch 
glass. ^Vlth sdica it forma silicon tetrafluonde 
(see silicon) ; it hberatea chlonnc from hydrogen 
chloride. 

Fluorides . — Strong eulphunc aeti with 
fluorides in platinum or lead vessel, evolution of 
hydrogen fluoride detected by “ etching ” test. 
Addition of silica gives silicon tetrafluonde 
jBanum or eotcium ehlonde, white precipitate 
somewhat soluble in hydrochloric acid, soluble 
In ammonium ehlonde. £>frer nitrafe, no 
precipitate Zirconium ahtarin reagent, the 
deep violet-red lake formed from xircomum 
nitrate or ehlonde with excess of alcohohe 
ahzann solution becomes y cUow m the presence 
of fluorine tons Drown streonium pdtmcMyf 
aminoazolienzeruarsinale, 

Me,N C,H^N.NC*^H, AsO,Hj. 
is said to be more sensitive (FeigI and Rajmann, 
Mikrochem. 1032, 12, 133). Titanium sulphate 
and hydrogen perande, fluorides bleach the 
yellow-orange colour of pertitanic acid. Test 
paper made from brauluoodextractis reddened, 
by hydrogen fluonde. 

Cnlorine. — greenish yellow gas, itis usually 
recognised by its odour, its ability to bleach 
litmus or to turn starch potassium iodide paper 
blue. A reagent made from amlme (3 c.c.), 
o-toluidinc (1 cc) in acetic acid (300 c.c 
of Z(P/o solution) gives a blue colour, passing to 
violet, with chlormo or its oxides in dilute 
acid solution. Damp cobalt nitrate test paper is 
coloured blue by chlorine ; bromine and iodine 
give green colours, but ma mixture of the halogens 
the blue colour is developed first. The presence 
of chlonno in water is usuaUy detected by adding 
aO l%soIution ofo-tolidinein 10%bydrochlonc 
acid, when a yellow to red colour appears. 

Chlorides. — 5ifter nitrate, whito precipitate 
insoluble m nitric acid, soluble m ammonia, 
potassium cyanide, or sodium thiosulphate ; 
the precipitate becomes violet on exposure to 
hght. 3Ianganese dioxide and strong sulphunc 
acid, evolution -of chlorine. Potassium di- 
chromate and strong sulphuric acid, brown red 


fumes (CrO.CI.) dissohing in water to a yellow 
solution which after neutralisation w ith amtnonu 
gives a yellow precipitate with soluble lead salts 

Insoluble chlorides are difficult to detect by 
this method, but when digested with zinc and 
dilute sulphuric acid the solution contains 
chlonne ions. 

Hypochlorites. — ^These are strong oxidising 
agents bleaching indigo or Ltmus, but having no 
action on potassium permanganate ; tbeir 
solutions are unstable and consequently give 
white silver ehlonde with silver nitrate. J/wf 
acids (mcluding CO,) Lberate chlorme in the 
cold, Melallie mercury, yellowish-red deposit 
when shaken with test solution (Hg^OCI,). 
A solution of phenol (8 parts) and aniline (1 part) 
m water (200 parts) gives a blue colour with 
hypochlorites. 

Chlorites. — Strong oxidising agents, especially 
in acid solution, bleaching indigo and Ltmus 
even m the presence of arsenious osido 
(distinction from hypochlorites) They also 
bleach permanganate, forming brown hydrated 
manganese dioxide. Dilute sulphuric acid, 
development of yellow colour due to formation 
of CIO(. Chlorides and hypochlorites accelerate 
this reaction while arsenious oxide retards. 
Sdubte lead or ether salts, yellow or white 
precipitate. Acidified ferrous sulphate, transirct 
violet colour. Chlorous acid gives with brucine, 
diphenyUmine, etc., similar colours to those 
piWuc^ by nitric and chlonc acids 

Chlorates.— iSlron^ sulphunc acid, yellow 
explosive chlonne dioxide is evolved on warm- 
ing. Indigo solution is bleached with acidified 
eotution only on warming, but m presence of 
sulphur dioxide, the reaction takes place in cold 
H^rogen peroxide and mine aad, chlorates are 
reduced to chlorides (distinction from bromates 
and lodates). Potassium tocftde and mineral oci'di 
iodine is hberated. If acetic acid is used no iodine 
separates even on long standmg (distinction from 
lodates). All chlorates when ignited give chlorides, 
with brucine, diphenylamine, etc. chloric acid 
gives colours similar to those given by mine acid 

Perchlorates. — Uiibke other ovygenateJ 
chlonne acids, perchloric acid is not reduced by 
hydrochloric acid or by a zinc copper couple ; 
it IS, however, reduced by titanous sulphate. 
Perchlorates give’neilher chlorine nor chlonnc 
dioxide with hot sulphunc acid. Potassium 
salts, colourless crystalline precipitate from cold 
moderately strong solutions, a Phenyl jS diethyl- 
aminoethyl p mlrobemoate, 

OjN C,H4-CO*CHPh-CH,-NEtj, 

hydrochloric acid aolution, light yellow pre- 
cipitate {Cl~, Bf“, CIOg~, IOj“, SO,"“, 
COj — do not interfere). Strychnine sulphate, 
colourless precipitate. Fusion with sodium 
carbonate converts perchlorates into chlorides. 

Bromine. — Bromine, at ordinary tempera- 
tures, a brownish-red liquid evolving brown 
fumes with a suffocating odour, dissolves in 
carbon disulphide to a brown solution and gives 
ayeUow colour with starch solution. Fluorescein 
(2% solution in 60% acetic acid) is converted 
by it into red cosin, while reduced fuchsm 
solution (2% solution reduced with excess of 
sulphur dioxide) is coloured violet (chlonne 
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and iodine do not interfere) (Hahn, Mikrochem. 
1935, 17, 222; Lopez, Farm, moderna, 1935, 
46, 55). Bromine gives a colourless solution 
with ammonia. 

Bromides. — Silver niirale, pale yellow pre- 
cipitate, insoluble in nitric acid, moderately 
soluble in ammonia, easily soluble in potassium 
cyanide or sodium thiosulphate. Strong 
sulphuric, acid, liberation of hj'drogen bromide 
and bromine on heating. Strong sulphuric acid 
and manganese dioxide, evolution of bromine 
only. Strong sulphuric acid and potassium 
dichromate, evolution of bromine only on 
heating. Chlorine water liberates bromine 
soluble in carbon tetrachloride or carbon 
disulphide to an orange-brown solution. 

Bromates. — Alkaline and alkaline earth 
broraates give bromides and oxygen on heating ; 
heavy metal broraates usually yield oxygen, 
bromine, and the oxide. Strong sulphuric acid, 
colourless solution gradually becoming brown 
with liberated bromine. Dilute sulphuric acid, 
colourless stable solution, but the addition of a 
little potassium bromide produces free bromine. 
Silver nitrate, white precipitate decomposed by 
hot hydrochloric acid with evolution of bromine. 
Dilute oxalic acid liberates carbon dioxide and 
free bromine. Methyl orange is rapidly de- 
colorised by bromates in 4A'-hydrochloric acid 
(chlorates and iodates do not interfere). 

Iodine. — Blue-black solid dissolving in carbon 
tetrachloride or disulphide to violet solutions, 
iodine is easily detected by the blue adsorption 
complex formed with cold starch solution. 
The element also gives a characteristic violet 
vapour on heating. 

Iodides. — Silver nitrate, yellowish-white pre- 
cipitate, insoluble in dilute nitric acid, sparingly 
soluble in ammonia, soluble in potassium 
cyanide or in concentrated Kl or NaCI or HCI 
solutions. Strong sulphuric acid and heat, 
iodine is evolved without the use of other 
oxidising agents. Chlorine or bromine water, 
liberation of iodine. Sodium nitrite and dilute 
mineral or acetic acid, iodides generate iodine 
but bromides do not give bromine except with 
large excess of nitrous acid. Palladous chloride, 
dark brown precipitate (Pdlj), insoluble in 
mineral acids, soluble in ammonia. 

Iodates. — Potassium iodide and dilute acid, 
immediate precipitate of iodine. Sulphurous 
acid, liberation of iodine if reagent not in 
excess. Silver nitrate, white precipitate 
(AglOj), soluble in ammonia from which 
sulphur dioxide precipitates yellow silver iodide. 
Barium chloride, white precipitate, soluble in 
hot dilute nitric acid, or cold dilute hydro- 
chloric acid ; somewhat soluble in hot water. 
Lead acetate, white precipitate, Pb(l 03 ) 2 . 
Mercuric chloride, white precipitate. 

The insolubility of the barium, mercuric, and 
lead iodates serves to distinguish iodic from 
bromic and chloric acids. 

Periodates. — ^Most periodates have a low 
solubility but are easily dissolved in nitric acid. 
Thej’ are powerful oxidising agents, but iodine 
is only liberated with a certain excess of the 
reductant. Silver nitrate, yebowish-red or 
brown precipitates depending on the acidity of 
the solution ; all become dark red if boiled with 
VoL. II. — 37 
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water. Mercuric nitrate, orange-red precipitate. 
Mercurous nitrate, yellow precipitate. Tannin, 
brown precipitate, soluble in ammonia ; this 
solution becomes red on exposure to air. 

Manganese. Manganous Salts. — Am- 
monium sulphide, pink precipitate ( M n S ), soluble 
in dilute acids. Alkali or ammonium hydroxides, 
white precipitate {MnlOHlj}, becoming brown 
in air; insoluble in excess. Lead peroxide and 
nitric acid, pink solution of permanganate. 
This oxidation may also be effected by potassium 
periodate, sodium bismuthate, or ammonium 
persulphate, though in the last case a trace of 
silver salt is necessary to catalyse the reaction. 
Benzidine acetate solution gives a blue colour 
with hydrated manganese dioxide. 

Permangana tes . — Soluble permanganates 
give red or purple solutions easily decolorised 
by reducing agents. Strong sulphuric acid, 
oxygen is evolved on heating and the colour 
destroyed. Hydrochloric acid, -liberation of 
chlorine on warming. Alkali hydroxides, the 
red or purple colour becomes green (manganate) ; 

4KMn0^-)-4K0H=4K2Mn04-b2H20-l-02 

Manganates which readily decompose in acid 
solution, 

3K2Mn04-f2H2S04 

= 2KMn04-l-Mn02-)-2K2S04-)-2H20, 

give the foregoing reactions with hydrochloric 
and strong sulphuric acids. 

Rhenium (ns por-rhenates). — Hydrogen sul- 
phide (in 4rY-acid solution)/ yellow colour 
followed by black precipitate (Re 2 S,). Hydra- 
zine hydrochloride in alkaline solutions, blacl: 
precipitate (Re02). Nitron acetate, colourless 
needles. Potassmm thiocyanate and stannous 
chloride, yellow to red colour, soluble in ether. 
Dimethylglyoxime (saturated alcoholic solution) 
and stannous chloride (25% in concentrated 
HCI), yelloAV to red colour developing a green 
fluorescence on beating. Soluble potassium, 
silver and thallous salts give characteristic white 
crystalline precipitates from moderately strong 
solutions. Derivatives of quadrivalent rhenium 
are all coloured, easily oxidised to per-rhenates 
and deposit black rhenium dioxide with alkali. 

Iron. Ferrous Salts. — Hydrogen sulphide 
or ammonium sulphide, black precipitate soluble 
in dilute acids. Alkali hydroxides, dirty green 
precipitate, incomplete in the presence of 
ammonium salts ; readily oxidised to broum 
ferric hydroxide on exposure to air. Potassium 
ferrocyanide, pale-blue precipitate (white if 
pure). Potassium ferricyanide, dark blue pre- 
cipitate. Ammonium thiocyanate, no colour if 
pure. 2:2'-Dipyridyl (1% solution in 0-1 A- 
HCI), intense red colour ; if manganese is 
present the solution should be at least 0-2A- 
with hj'drochlorie acid, while the presence of zinc 
calls for a considerable excess of the reagent. 
2:2':2"-Tripyridyl, intense purple coloration 
discernable with 1 part of Fe" in two million). 

Ferric Salts. — Hydrogen sulphide or am- 
monium sulphide, black precipitate (FeS-fS) 
soluble in dilute acids. Potassium ferrocyanide, 
dark blue precipitate. Potassium ferricyanide, 
brown colour only. Ammonium thiocyanate. 
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intense red colour bleached bj mercuric chloride. 
Sodivin phosjihale, jellowish-uhite precipitate, 
FePO^, soluble in hjdrochlonc acid, in 
soluble in acetic acid. Sodium acetate in excess, 
dull red solution, deposition of a brosin basic 
acetate on boibng. 

Cobalt . — Ammonium tulphidt, black pre* 
cipitatc insoluble m cold dilute hydrochloric 
acid. Alkali ht/droxides, pale blue precipitate, 
slightly soluble in excess to a blue solution; 
ammonia produces, incompletely, the aame 
precipitate, which is soluble in excess to a brown 
solution. Folatttum cyanide, reddish brown 
precipitate soluble in excess forming K 4 Co(CN)f 
which 13 oxidised on boiling in air to 
KjCo(CN )4 : this solution gives no precipitate 
with soluble hypochlorites or hypobroiuitea. 
Potaesium nitrite in dilute acetic acid solution; 
yellow crjstalline precipitate of Kj(Co(NOj) 4 } 
Ammonium thiocyanate (concentrated solution), 
unstable blue colour, more stable in presence 
of acetone or amyl alcohol and ether. (Iron 
interferes and must be removed or its colour 
with the thiocyanate discharged with sodium 
fluonde.) If sodium mercuric thiocyanate, 
Na}Hg(SCN),, be used then a blue pre- 
cipitate 13 obtained, a <Vttroso p naphthU m 
Bceticacid with neutral or slightly acid solutions . 
dark red precipitate (Cu, Fe. Ag, and Sn 
interfere). JDitkiooiamide (rubeanic acid), m 
alcohohe solution added to aninioniacal test 
solution, yellow brown precipitate (Ni gives 
hlue-violct solution). 

Nickel. — Ammonium tulphtde, black pre- 
cipitate somewhat soluble in excess, insoluble 
m dilute hydrochloric acid. AUalt hydroxides, 
pale green precipitate, insoluble in excess, 
gives black Ni(OH)j with bromine water 
Potassium cyanide, greeni^h-vellow precipitate, 
soluble m excess forming K{Ni(CN)., which u 
unaltcad by boiling in air, hypochlorites or 
hypobromites give a black precipitate with this 
solution. Pimelhylglyoxime » ith aramoniacal or 
acetic acid solution, scarlet precipitate. 
J^olassium xanihale precipitates both nickel and 
cobalt from neutral solutions, but the former is 
soluble m ammonia and reprecipitated by 
ammonium sulphide. Nickel gives no pre- 
cipitate with potassium nitrite and no colour 
with thiocyanate 

Ruthenium. — Distillation with nitric and 
perchloric atids gives golden yellow crystals of 
RuO^, soluble in sodium hydroxide ton reddish 
solution which is reduced by alcohol to black 
RUjO,. Hydrogen sulphide with iervalent 
lutbcinum; the solution becomes blue and a 
dark brown sulphide gradually forms ; animoniuin 
sulphide gives an immediate precipitate of the 
sulphide. Sodium thiosulphate with ammontacal 
Ru'”, purple red colour on warming. Thus 
carlamtde with hydrochloric acid solutions, 
blue colour; thiocarbanihde gives a blue green 
colour soluble in ether. Potassium iodide, black 
precipitate (Rulj). Strong aqueous ammonia 
w Ith ruthenium tricblonJe at 40® pves ruthemum 
red, [Ru( 0H)CI(NH,)41CI,H;O, which dyes 
silk in reddish shades. Potaksium rutbeni- 
chlonde, KiRuCI^ (made by heating Ru with 
KCI in chlorine), gives a red to purple colour 
with potassium thiocyanate which changes to 


I violet on warming. 2 2’-DipyTidyl heated with 

I ruthenium chloride and extracting with water, 

[yellow colour. 

* Rhodium. — TlieoiiIy’piafmumnietalattacl.e<l 
by strong sulphuric acid, is best converted into 
a soluble salt by heating with sodium chlonde 
and chlorine ; the resulting sodium rhodi- 
chloride, Na 3 [RhCI,] crystallises fromwaterin 
red prisms. Concentratw solutions give with 
ammonia a yellow precipitate of chloropent- 
amtntnorhodnim chloride, [RhCI(NHj)j]Cl,. 
while warm potassium nitrite gives the sparingly 
soluble orange-yellow rhodmitnte, 
Kj[Rh(N 04 ),]. 

Other reactions of tervalent rhodium are given 
below. Hydrogen sulphide, slow formation of 
brown precipitate m the cold but more quickly 
on warming ; insoluble m alkali sulphides, 
soluble in hot nitric acid. Metallic sine, blue 
solution followed by deposition of the metal, 
/tenzidine, rose yellow precipitate, i’olawiim 
thiocyanate, black precipitate. Stannous 
chloride (40% solution in cone. HCI), brown 
colour when heated, becoming red on cooling. 

Palladium. — The most readily soluble ot the 
platinum metals, it dissolves in aqua regia 
forming PdCI{ and PdCIf, and in nitric and, 
when Pd(NO })2 is obtained. Pallailio salts 
are unstable except as double salts, of which 
Ibo potossium and ammonium double chlorides 
are sparingly soluble and red in colour Hydrogen 
sulphide in acid solution, brown precipitate 
(PdS) insoluble m ammonium sulphide, soluble 
m boihng hydrochloric acid. Alkali hydroxides, 
brown precipitate soluble in excess of hot 
reagent Potassium iodide, black precipitate 
(Pd(,) soluble in excess, or in ammonia, to 
red solutions. a-iYiiroso ^‘naphthol in acetic 
acid, rod brown precipitate (distinction from 
other platinum metals) fenroylmrlAylglyorimt 
in dilute aeid solution, amorphous yrhow 
precipitate ; other platinum metals do not inter- 
fere. Mercuric cyanide, yellowish-white pre- 
cipitate, Pd(CN){, soluble in ammonia or 
potassium cyonide. 

Osmium.— Finely divided osmium is easily 
oxidised at ordinary' temperatures ; it readily 
bums in air above 436'' forming osmium 
tetroxide, having n penetrating odour. Thu 
oxide (OsOf) 13 abo obtained by distilling 
osmium compounds with nitric acid when it 
distds and may be collected in sodium by droxi Je 
solution, which becomes yellow due to the 
fonnation of sodium osniate (NaiOsOi). 
These osmates are unstable and lose osmium 
tctroxido on heating. Hydrogen sulphide in 
acid solution, dark brown precipitate (OsS|) 
insoluble in ammonium sulphide. Potassium 
thiocyanate gives with and solutions of the te- 
troxidc a distinctiv e blue colour soluble in ether. 
Thiocarbamtde and dilute HCI, intense red 
colour. 

Osmium heated with potassium chloride in 
chlonne forms potassium osmichloridc, 
K,[OsCI,l, 

soluble m water to a red solution. Tannic acid 
reduces a hydrochloric acid solution of the double 
chlonde, giving a blue solution of OsCI^. 
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whUe potassium iodide develops a reddish-purple 
colour. 

Iridium, — Only sparingly soluble in aqua 
regia even when finely divided, it is also un- 
attacked by fusion with potassium pyrosulphate. 
Fusion with sodium peroxide leads to an oxide 
( I rOj) which dissolves in aqua regia to a reddish- 
brown solution of Na 2 [lrClj]. This iridi- 
chloride is • more casUy obtained by heating 
iridium with sodium chloride in a current of 
clilorine. This complex salt gives the following 
reactions : Hydrogen sulphide., brown pre- 

cipitate after decolorisation of the solution. 
The sulphide (IrjSa) is soluble in ammonium 
sulphide. Alkalis, colour changes from red 
to green and on boiling there is precipitated 
dark blue lr(OH) 4 , soluble in hydrochloric 
acid. Sodium hypochlorite or hypobromite 
gives the same precipitate. Ammonium or 
potassium, chloride, reddish or dark brown 
precipitate giving an olive green solution with 
potassium nitrite which, boiled with excess of 
nitrite, becomes yellow, depositing yellowish- 
white KglrlNOjlg (separation from Pt). 
Leuco base of malojchile green (1% solution in 
strong acetic acid), if a few drops of this 
reagent are added to the test solution then the 
presence of iridichloride restores the malachite 
green colour. The test is sensitive to one part 
iridium in six million. Fuming sulphuric acid 
and ammonium nitrate heated with iridium 
compounds give a blue coloration. 

Platinum. — Platinum dissolves in aqua 
regia to form platinichloric acid, which gives 
the following reactions. Hydrogen sulphide, 
brown precipitate (PtSj) soluble in ammonium 
sulphide, insoluble in acids except aqua regia. 
Potassium or ammonium chloride, yellow crystal- 
line precipitate (MjPtClg), slightly soluble in 
water, insoluble in alcohol. Stannous chloride, 
yellow to dark red colour depending on the 
concentration (distinction from Pd, Ir, Au). 
Potassium iodide, red to brown colour in dilute 
solutions. Hydrazine hydrochloride or zinc or 
magnesium with dilute hydrochloric acid, black 
precipitate (Pt). 

The Inert Gases. — As these gases are almost 
devoid of chemical activity the ordinary 
methods of qualitative and quantitative analysis 
are not applicable to them and, therefore, they 
are determined by purely physical means. 
The 3 ' are usuall 3 '^ identified by their highly 
characteristic spectra, although the presence of 
Emanation (Radon, Niton) is more easily 
detected by means of its radioactive properties. 
In most cases it is necessary to concentrate the 
gases before appl 3 ’ing spectrum analysis, since 
the sensitivity of this method is often con- 
siderably depressed by the presence of con- 
taminating gases such as hydrogen, oxygen, 
nitrogen, h 3 'drocarbons, etc. Partial separation 
is also desirable in order to detect small amounts 
of helium, krypton and xenon in mixtures of 
the inert gases. Tables of the most suitable 
lines for spectrum anal 3 '.sis ma 3 ' be found in the 
articles on the individual gases. 

The purity of an 3 ' sample of one of these rare 
gases is usually determined b 3 ' measurements of 
density, dielectric cohesion, or the velocit 3 ’ of 
sound in the gas. G. T. M., G. R. D. 
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DROP REACTIONS {“ SPOT ” TESTS). 

The methods described under this heading aim 
at the formation of a coloured spot on adsorbent 
paper, or on a white porcelain surface. In 
addition, it has become customary to include 
also many delicate tests which are more 
conveniently conducted in small test-tubes or 
capillaries. The tests, although qualitative, 
are frequently extremely delicate, A feature of 
special interest is the wide adoption of organic 
reagents used to detect inorganic ions. In 
applying these methods, their limitations, some 
of which are indicated below, should be 
remembered and control tests applied whenever 
possible. In carrying out “ spot ” tests it is 
important to use paper of suitable texture, 
since the drops should be adsorbed slowly 
without undue spreading. Many of the “ spot ” 
tests which have been proposed are merely 
adaptations of weU-known standard reactions 
to this particular technique and therefore wilt 
not be included in the following selection of the 
essential practical details of those methods 
peculiarly suited to microchemical application. 

Metals. 

Aluminium. — A strip of adsorbent paper is 
soaked in an alcoholic solution of alizarin and 
dried. A drop of the solution to be tested is 
spotted on the paper, which is then exposed to 
ammonia vapour and dried; the violet colour 
of the ammonium alizarinate is discharged, 
and the presence of aluminium is revealed by 
a red spot. The test will detect 0-3/ig. A1 (Feigl 
and Stern, Z. anal. Chem. 1921, 60, 9). Inter- 
ference of Fe, Cr, U, Th, Ti, and Mn may be 
obviated by using paper previously treated with 
potassium ferrocyanide, whereby insoluble 
ierrocyanides are formed and the Al solution 
spreads beyond as a damp ring; an alcoholic 
solution of alizarin is now added to the spot, 
and the test completed as before. 

Antimony. — Two drops of the solution are 
added to an equal volume of strong hydrochloric 
acid, and a small crystal of sodium nitrite is 
dissolved in the mixture ; one drop of this 
solution is added to 0-2 c.c. of a 0-01% aqueous 
solution of rhodamine-B in a depression of a 
spotting tile. The presence of quinquivalent 
antimony is indicated by a colour change from 
red to violet and the formation of a precipitate. 
Sn and small amounts of Fe dq not interfere, 
but B), Hg, Au, Th, Mo, and W must be 
absent. The test will detect Jpg. Sb in the 
presence of 12,600 times as much Sn (Eegriwe, 
Z. anal. Chem. 1927, 70, 400). 

Barium. — The solution to be tested is spotted 
on adsorbent paper, and a drop of a 0-1% 
aqueous solution of the sodium salt of rhodizonic 
acid (<hhydroxydiquino 3 ’l) added ; the presence 
of Ba is indicated by the appearance of a reddish- 
brown spot of barium rhodizonate which changes 
to brilliant red on the addition of dilute h 3 'dro- 
cliloric acid. Ca does not react, while the 
colour produce(Lby Sr is destroyed by the 
hydrochloric aci'd. The test detects 0-25pg. Ba. 
In the absence of Ba the reagent serves ns a 
test for Sr, the h 3 'drochloric acid being omitted 
(Feigl, Mikrochem. 1924, 2, 188). 
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Beryllium. — Tlie reagent consists of a freshly i 
prepack 0 25% solution of quinalizann I 
(1.2 5.8 tetrabydjoxyanthraquinone) ui 025A’>! 
NaOH, a drop of which is placed on 
adsorbent paper previoasly moistened mith a 
drop of the solution to be tested. A bngbt blue 
spot u indicative of Be. If Al is present the 
solution under test should contain sufficient 
aodmoi hydroTide to prevent the preopilation 
of aluiniiiium hydroxide. Pb, 2n, and Sn are 
Without influence, while the effect of Cu, Ni, 
and Co can be chniinated by using cyanide. 
Zr, Ce, Th, and many rare earth metak behave 
SHDiIarly to Be. Mg also produces a bngbt 
blue lake, but the colour is destrojed by very 
dilute bromine water, while that due to Be is 
relatively stable. The test will dctcclO 14/ig Be 
(Fischer, Wiss. Veroff. Siemens Konz. 1928, 5, 
99 ; Z. anal. Chem. 1928, 73, 54) 

Bismuth.— Adsorbent paper is spotted with a 
reagent containing 1% of cinchonine and 2% 
of )>otassium iodide in ^utc nitric acid and then 
with the solution; the presence of bismuth la 
indicated by an orange red spot. If Hg is also 
present, an orange circle forms around a white 
central zone, while if Pb and Cu are also 

[ ircaent the test is «tillanpbeable, amce the two 
ast metaU produce jeliow and brown rings 
outside tbc orange area duo to Bi. The test 
detects 0 14ng. Bi (alone) or lO/tg m presence of 
the other three metals mentioned (Feigl and 
Kcuber, Z. anal Chem. 1928. 62. 273). 

Cadmium. — A drop of the solution under test, 
neutral or faintly acid with acetic acid, is spotted 
on adsorbent paper imprcgnsted with an 
alcohoLo solution of diphen>lc3rbazide (Feigl 
and Neuber. Z. anal. Chem. 1923, 62. 369). 
A Tiolet spot on exposure to ammonia vapour 
indicates Cd , the test is sensitive to 4pg. of Cd. 
Magnesium also gives the reaction. 

The addition of a saturated aqueous solution 
of 3 nitro 4 hjdroiyphenylarsonie acid to a 
solution of a cadmium salt in 10% acetic acid 
buffered w ith sodium acetate produces a yellow 
crystalline precipitate (Favelka jtnd Kohner, 
Mtkrochcro. 1030, 8, 277). This test, stated to be 
specific for Cd, detects 35pg m one drop of 
solution. 

Calcium. — The liquid under test (neutral or 
acidifled with acetic acidj is added to a drop of a 
saturated aqueous solution of picroloiuc acid 
contained in tbc depression of a trarm spotting 
tile. In the presence of Ca, characteristic 
rectangular crystals are produced, the test being 
sensitive to 0 Oipg. (Kisser, 3Iikrochcm. 1923, 1, 
23). 

Chromium. — ^The solution under test, .ncidi* 
fled with acetic or sulphuric acid, is added to a 
drop of a 0 2% solution of diphenylcarbazide m 
a mixture of 1 part of glacial acetic acid and 
9 parts of ethyl alcohol. The presence of 
chromate is indicated by the production of a 
violet colour. The test will detect 0 25^. 
Cr. Chromium salts should first be oxidised 
with hroriiine water, ctcom hromme being 
removed by' phenol (Stover, J. Amer. Chem. 
Soc. 1928, 50. 23G3). Other metals, ineluding 
Ag, Hg. Cu, Pb, NI, and Co, give colours. 

Cobalt. — A drop of the solution, neutral or 
only ehgbtly and, is placed on adsorbent 


paper, and a 0 03% aqueous solution of a mtroso 
^naphthol rendered shghtly alkalme with 
sodium hydroxide is added. A brown spot u 
produced in the presence of Co. The test btU 
detect 0 005pg. Co (Feigl and Stem, Z. anal. 
Chem. 1921,60, 31). Cuprous salts do not inter- 
fere, but eupnc compounds, if present, must ^ 
reduced. The interference of Fe and U may be 
obviated by first adding ammonium phospbafe. 

Copper. — The test liquid is spotted on to 
adsorbent paper impregnated with a 2% 
alcoholic solution of a-benzoin oxime and dried 
The presence of Cu is revealed by the formatioa 
of a green coloration on exposure to ammonia 
vapour. The test will detect 0 Ipg. Cu. The 
interference of other metals may be obviated 
by treating the test liquid with aramoniacal 
tartrate (Feigl, Ber. 1023, 56, [11], 20S3 ; Jlikro 
chem. 1923, 1, 7(5). 

In the absence of Ag, Hg, and the noble 
metaU, a 0 03% solution of p dimethylammo- 
benzalrhodamne serves as a delicate test for 
cuprous ions, with which it forms a violet 
coloration or precipitate m neutral or acid 
media. Ko colour is yielded by cupric ions 
(Funako«hi, Mem. Coll. Sci. Kyoto, 1929, 12, 
J55). 

Lead.-— A drop of the solution is placed on 
adsorbent paper, followed by a drop each of 
1% aqueous pyridine solution and an aqueous 
solution containing 0-1% of gallocyamno and 
0 1% of sodium bicarbonate. Excess of the 
reagent u removed by washing with pyTidine 
solution. A deep violet spot is produced by 
tfig. Pb. In the presence of Ag, Cu, Bi, and 
Cd the solution should be spotted on paper and 
foreign metals removed by washing with 
dilute sulphuric acid followed by alcohol. 
The paper is dried and the test applied (Pavelka, 
Uikrochem. 1920, 7, 303). 

Magnesium. — ^The liquid is rendered acid 
with hydrochloric acid and transferred to the 
depression of a porcelain tile, and a drop of a 
06% solution of p-mtrobenzeneazoresoreinol 
in 0 25A'NaOH u added. On rendering 
alkaline with sodium hydroxide, a sky-blue 
colour indicates the presence of Mg; Ca does 
not interlere, but Be, A(, Zh, Cd, La, Co, and 
Ni mask the reaction. The test will delect 
0 Ooiig. Mg, but for delicate work it is better to 
use a more dilute reagent solution (Suitsu and 
Okama, J. Soc.' Chem. Ind. Japan, 1926, 29. 
132; KuJgh, J. Amer. Chem. Soc. 1929, 51, 
1450 ; Engel, tbxd. 1930, 52. 1812). Another 
reagent, used similarly, is p mtrohenzenearo-a- 
naphtbol. 

Mercury. — Adsorbent paper is impregnated 
with a freshly prepared saturated alcohoho 
solution of diphcnylcarbazone and then treated 
with a drop of the solution under test; the 
presence of mercury is shown by a violet-blue 
spot. Pb, Cu, Sn, Cd, Ni, and Co interfere, 
and Ag, Sb, As, Fe, Cr, Al, Mn, and Zn 
shghtly impair the value of the test. The 
reaction of the solution influences the sensitivity 
which IS at its maximum at p,| 7-8, when it will 
detect 0 Ifig. Hg. Chlorides, bromides, iodidw, 
and cyanides diminish the sensitivity (Feigl 
and Neuber, Z. anal. Chem. 1923, 62, 3i0; 
Chicue}. Jlikrocbein. 1933, 13, 321 elttq ). 
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Nickel. — The liquid is rendered alkaline with 
dilute ammonia and a drop of a 10% alcoholic 
solution of a-furildioxime added ; the presence 
of Ni is indicated by a red coloration or pre- 
cipitate. The test will detect 0'02pg. Ni ; it is 
not disturbed by Ag, Cu, or by ferric iron, Cr or 
A I in the presence of ammoniacal tartrate 
solution. If Zn is present, ammonium chloride 
should first be added. Cobaltous ions depress 
the sensitivity and should be oxidised to 
cobaltic with hydrogen peroxide. Ferrous iron 
interferes ; it should be oxidised and alkaline 
tartrate added before applying the teat (Soule, 
J. Amer. Chem. Soc. 1925, 47, 981 ; Harwood 
and Theobald, Analyst, 1933, 58, 673). 

Potassium. — ^A reagent solution is prepared 
by dissolving 0-2 g. of hexanitrodiphenylamine in 
20 c.c. of boiling 0-liY-Na2CO3, cooling and 
filtering. A drop of the neutral solution under 
test is placed on adsorbent paper and the 
reagent solution immediately added ; an 
orange-red fleck is produced which, in the 
presence of potassium, remains unchanged on 
the addition of two drops of O-liV-HCI, but 
otherwise fades to a sulphur-yellow colour. The 
test will detect 30/ig. K and is applicable in the 
presence of 80 times as much Na and 130 times 
as much Li; Mg, Sr, Ca, and Ba do not 
interfere, but ammonium salts should be 
removed. Rb and Cs react similarly to K 
(Poluektov, Mikrochem. 1933-34, 14, 206). 

Silver. — The liquid is spotted on to adsorbenf 
paper and a drop of iV-HNOj added, followed 
by a trace of a 0'03% solution of p-dimethyl- 
aminobenzalrhodanine in acetone. In the 
presence of Ag a reddish-brown spot is pro- 
duced, the test being sensitive to O'Olpg. A 
similar colour is also given by Hg, Au, Pt, 
Pd, and cuprous ions. The final addition of a 
drop of OdA-HCI inhibits the reaction due to 
relatively large amounts of Hg without 
influencing the sensitivity for Ag. The inter- 
ference of Au, Pt, and Pd may bo largely 
obviated by first adding a little potassium 
cyanide. 

Strontium . — See under Barium. 

Tin. — Adsorbent paper is impregnated with a 
saturated aqueous solution of cacothelino and 
the liquid under test is treated with hydro- 
chloric acid and zinc and then spotted on the 
prepared paper. The presence of Sn is indicated 
by a violet spot surrounded by a less coloured 
zone on the yellow paper. The test is sensitive 
to 2fig. Sn. It cannot be applied in the 
presence of Ag, Cr, Co, Fe'", Hg, Co, Ni, 
Mo, or V ; antimonious compounds cause a 
slight interference, and titanous chloride reacts 
in the same way as stannous salts. Hypo- 
sulphites also react with the reagent, while 
sulphites, bisulphites, and selenites disturb 
the test (Leuchs and Louchs, Ber. 1910, 43, 
1042 ; Gutzeit, Helv. Chim. Acta, 1929, 12, 
720 ; Newell, Ficklen, and Jlaxfield, Ind. Eng. 
Chom. [Anal.J 1935, 7, 20). 

Titanium. — The liquid to be examined is 
placed on a tile or on adsorbent paper, and one 
drop of a 6% aqueous solution of sodium 
1:8 - dihydroxynaphthalene - 3:6 - disulphonato 
(chroraotropic acid) added. The formation of a 
reddish-brown colour indicates Ti, the test 
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being capable of detecting 5pg. Hg, Ag, U, and 
Fe‘” also give colorations, but their inter- 
ference may be obviated by warming the liquid 
with a hydrochloric acid solution of stannous 
chloride, centrifuging, and adding the reagent to 
the supernatant liquid (Hofmann, Diss., Munich, 
1902 ; Tananaev and Patschenko, • Z. anorg. 
Chem. 1926, 150, 163). 

Zinc. — A convenient quantity of the liquid is 
added to 1 c.c. of a 10% alcoholic solution of 
resorcinol containing one droi) of ammonia 
solution and allowed to stand for some hours, 
a control being prepared simultaneously. In 
presence of Zn the solution changes first to 
golden-yellow, then to green, and finally to deep 
We. The test is sensitive to 2pg. Zn, but its 
application is rather limited (Sensi and Testori, 
Annali Chim. Appl. 1929, 19, 383). 

Zi rcon i u m . — A drop of the acidified liquid is 
spotted on adsorbent paper impregnated with a 
solution of 0-1 g. of p-dimeth^daminobenzene- 
I azoiAenylarsonic acid in 5 c.c. of concentrated 
[ hydrochloric acid and 100 c.c. of alcohol. The 
presence of Zr is revealed by a brown fleck. 
If excess of reagent is removed by immersing the 
paper in 2N-HCI warmed to 60°, it is possible 
to detect Ipg. Zr; tantalum reacts similarly, 
and sulphates, phosphates, and fluorides 
interfere. Mo, W, Ti, and Sn also interfere, 
but a technique is available for use in presence 
of these metals (Feigl, Kruraholz, and Rajmann. 
Mikrochem. 1931, 9, 395). 

Non-metals. 

Bromine. — Adsorbent paper, which has been 
impregnated with a dilute alcoholic solution of 
fluorescein and dried, is placed on the mouth of 
a micro-test tube containing the liquid to be 
tested mi.xed with acetic acid and lead dioxide. 
The tube is heated over a flame, and the 
presence of liberated bromine is revealed by a red 
spot on the paper due to the formation of eosin. 
The test will detect 2pg, Br. Iodine also forms a 
red spot due to erythrosin (Ganassini, Chem. 
Zentr. 1904, 1, 1172). 

Sulphur. — The substance to be examined, 
contained in a micro-test tube, is mixed with 
a trace of benzylimidodi-(p-methoxyphenyl)- 
methane, and the tube placed for 5 minutes in an 
oil bath at 210°C. After cooling, two drops of 
benzene are added, and in the presence of 
elemental sulphur the solvent will be coloured 
blue. If a crystal of mercuric chloride be 
added to the separated liquid, the blue slowly 
fades and the crystal becomes red or orange. 
The test will detect lOOpg. of elemental sulphur, 
and does not react to sulphur in combination 
(Schonberg and Urban, Ber. 1934, 67, [BJ, 1999). 

Acid Radicals. 

Borates. — ^Thc liquid under test is evaporated 
to drj'ness in a porcelain crucible and a drop 
of a 0'005% solution of chroinotropo 2B 
(sodium salt of p-nitrobenzencazochromotropic 
acid) in concentrated sulphuric acid added to the 
warm residue. A colour change from bhie- 
violet to greenish-blue indicates boric acid. The 
test will detect 6pg. H3BO3. The interference 
of oxidising substances may be obviated by 
adding a little hydrazine sulphate before 
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evaporating the test liquid to drjTiess (Koma- 
rovsky and I’oluektov, ilikroehem. 1933-34, 
14. 317). 

Cyanides. — Adsorbent paper is moistened 
with a mixture of equal parts of a 0 286% 
aqueous solution of normal copper acetate and 
benzidine acetate (475 c.c. of saturated eolation 
diluted to 1 litre) and tied over the mouth of a 
small test tube containing the liquid under teat 
mixed with dilute sulphuric acid. Thepresenceof 
cyanides is indicated by the production of a blue 
colour, the test being sensitive to 0 25/ig. CN' 
(Moir, Chem News, 1910, 102, 17; Sievertand 
Hennsdorll, Z. angew Chem. 1921, 34, 3). 

Fluorides. — An excess of an alcoholic solo 
tion of alizarin is added to a 0 05% solution of 
ZrO{ m dilute hydrochloric acid, and this 
solution used to impregnate adsorbent paper, 
which, after drying, is moistened first with 
50% acetic acid and then with a drop of the 
neutrabsed test liquid. The presence of fluondea 
IS indicated by a yellow stain on the reddish 
violet paper which is rendered more pronounced 
by exposing it to steam. Sulphatea, oxabtea, 
and phosphates interfere. The test will detect 
Bug r ' (do Boer, Chem. Wcekblad, 1924, 21, 404 , 
Pavelka, ilikrochem. 1028, 6, 149). 

Nitrates. — A reagent is prepared by dis 
solving 0 085g ofdiphenylbenzidute in a mixture 
of 50 c.c. of w ater and 450 c c of sulphuric acid 
(nitrate’free). A capillary tube is half filled 
with the reagent, and then the liquid to be tested 
is drawn into the same tube. The presence of 
nitrates is indicated by a blue colour developing 
withm 16 minutes, O'l part of NOj' per milhon 
of solution being detectable (Hamence, Analyst, 
1036, 60, 632) The method i< ajpplied to the 
detection of added water in milk, the serum 
being prepared by adding 0 drops of a solution 
containing 20% of mercuric chloride and 5% of 
ammonium chloride in 20% of concentrated 
hvdrochloric acid to 5 c.c of mdk, shaking, and 
filtering ofi the serum, which is then tes^ for 
nitrate, which is present in water and totally 
absent from milk (Lemgo, Analyst, 1930, 55, 
435 ; Monier-Wilhams, tbid. 1931, 56, 307). 

Phosphates. — ^Xhe liquid under test is placed 
on adsorbent paper, followed by a drop of nitro- 
molybdate solution containing IS% of tartaric 
acid : after warming over a flame, a 0 5% solu- 
tion of benzidine in 10% acetic acid u added, 
and the paper exposed to ammonia vapour. A 
blue colour indicates phosphates, the test being 
senaitiveto 1 5pg. PiO, Arsenates and silicates 
do not react (Fcigl, Z. anal. Chem. 1929, 77, 
299). 

Silicates. — A drop of the solution under test 
is mixed with two drops of nitro-molybdate 
solution, the mixture centrifuged and the super- 
natant liquid gently warmed, cooled, then 
treated with two drops of 1% oxalic add, a 
drop of 0 5% solution of benzidine in 10% 
acetic acid and a Lttle saturated sodium 
acetate solution. The mixture is spotted on 
adsorbent paper and this is exposed to ammonia 
x'apour, the presence of a silicate being indicated 
by a blue colour. The test will detect Opg. SiO, 
in the presence of 250 times as much P^Oj 
(Feigl and Krumholz, Mikrochcm., Piegl- 
Festsehnft, 1929, 82|. 


ANALYSIS. 

Bdho(/Tapfiy.~~Feig], “ Qualitative Analj-se 
mit Hilfe von Tupfelreaktionen,” 2nil ed 
Leipzig. Akademische Verbg GmbH., 193o; 
van Nieuwenburg and Dulfer, “ A Short JIamjji 
of Systematic Qualitative Analysis by Means 
of Modern Drop Reactions,” 2nd ed., Amster 
dam, D. B Centen’a Utg. Maatschappij 
(N V.), 1935 ; “ Organic Reagents for MetaU," 
2nd 1934, Hopkin & Williams, Ltd, 

London ; ” The B D.H. Book of Reagents for 
‘ Spot ’ Tests and Delicate Analysis,” 6th ed , 
1937, The Bntish Dnig Houses Ltd , London. 

N. L. A. 

QUANTITATIVE ANALYSIS. 

Gsaviuetric Methods. 

Host of the chemical elements are weighed in 
the form of one or other of their compounds 
although a few are estimated in the elementary 
condition. Compounds used for such determins 
tions should be stable, noii-hygroscopic, and of a 
perfectly definite composition and insoluble m 
the solution in which they are formed and 
in excess of the reagent ; they must be easily 
freed from impurities and capable of being 
brought into condition for weighing without 
tedious and complicated operation* Further- 
more, they shoiild contain only a small pro 
portion of the constituent to be estimated, since 
the effect of experimental errors is thus mini- 
mised For this reason increasing use u made 
of organic reagents with large molecules or of 
complex inorganic compounds As an example 
may be cited the estimation of sotLum as sodium 
zinc uranyl acetate in which the percentage 
of sodmm is only 1-495 and, therefore, a Ltlle 
eodium gives a large weight of precipitate. 

It », to day, impossible to generalise the 
methods of estimation, as the number of pro- 
cedures in use 1 $ far too great and too dnersc 
A few of the more typical operations end 
eeparations are, however, briefly described. 

Precipitation as Sulphides. 

(a) IFilA Hydrogen Svlphide — Estimations as 
sulphides arc avoided wherever possible, but 
eeparations as such are of considerable import- 
ance and, moreover, can bo carried out under 
varied condftions. Thus, xanation of the 
hydrogen ion concentration leads to a separation 
of arsenic from antimony, bismuth, lead, zinc, 
etc., or of zmo from nickel, nickel from man- 
ganese, Certain metab can also be converted 
into complex ions unaffected by this reagent 
leading to separations of cadmium from copper 
m cyanide solution, antimony from tin in 
oxalic acid solutions, arsenic from germanium 
in hydrofluoric acid. For complete separs- 
tions careful adjustment of the value of the 
solution is often necessary, as an insufficient 
acidity Will often lead to the co-precipitation of 
thaUium, indium, gallium, vanadium, tungsten, 
or xine with the copper or arsenic groups. 

(4) IFitA Allah or Ammonium Sulphide. — 
Ammonium sulphide is generally used, but some- 
times it b preferable to use sodium sulphide or 
I hydrosulphide or sodium thiosulphate. AVhere 
I the reagent b used to precipitate iron, zinc, 

' manganese, etc , it h usual to add aearsonioTO 
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chloride to prevent any preeipitation of mag- 
nesium. If it is desired to prevent the precipita- 
tion of metals like aluminium which form 
hydroxides then tartarie acid must be present. 
Ammonium or alkali sulphides are also used to 
precipitate the copper in the presence of the 
arsenic group. 

Precipitation as Hydroxides. 

(а) With Ammonia. — Ammonia, especially in 
the presence of ammonium salts, is chiefly used 
for separating the members of the third 
analytical group from those of the later groups. 
For accurate results it is necessary to carry out 
the precipitations with due regard to the proper 
conditions for each case and, generally speaking, 
any appreciable excess of ammonia should be 
avoided. Organic compounds, borates, 
arsenates, phosphates, and vanadates interfere 
with this separation and must either bo removed 
or other methods adopted. Hexamethylene- 
tetramine may replace ammonia, while it is 
sometimes advantageous to use weaker bases 
such as aniline or phenylhj'drazine. 

(б) With Suspensions of Carbonates. — Satis- 
factory separations are often obtained by shaking 
the solution with freshly precipitated barium or 
calcium carbonate. Cadmium carbonate has 
also been used for removing ferrous iron from 
chromium and vanadium. 

(c) By the Basic-Acetate Method. — This 
method, less used than formerly, is carried 
out by neutralising the solution as far as possible 
without producing a permanent turbidity and 
adding sodium acetate to the hot solution and 
boiling for 3 minutes. The precipitate is 
filtered as soon as it has settled and should not 
be allowed to cool or some of it may redissolvc. 

In certain cases a better precipitate is obtained 
by hydrolysing with ammonium nitrite and 
methyl alcohol (see Beryllium). 

Precipitation with Organic Reagents. 

(а) Cupferron (ammonium A''-nitrosophenyl- 
hydro.xylaminc). — This reagent, generally used 
ns a 6% aqueous solution, provides quantitative 
separations of iron, vanadium, zirconium, 
titanium, tin, niobium, tantalum, and quadri- 
valent uranium from aluminium, beryllium, 
phosphorus, manganese, nickel, and hcxavalent 
uranium. Precipitations are generally carried 
out in cold acid solutions. The precipitates are 
unsuitable for weighing as such but are easily 
ignited to the oxides. Excepting uranium, the 
metals should be in their higher valencies, while 
the solution usually contains about 10% (by 
volume) of sulphuric acid, although with uranous 
salts a lower acidity is necessary. 

(б) 8-HydroxyquinoUne (Oxine). — Oxinc gives 
precipitates with a largo number of metals and is 
a useful quantitative reagent. By suitably 
choosing the experimental conditions many 
valuable separations are also possible. Thus in 
aramoniacal solution it provides a clean separa- 
tion of magnesium from the alkali metals. In 
acetic acid-acetate solutions it removes alumi- 
nium from magnesium and berjdlium, while in 
ammoniacal-hydrogen peroxide media the 
previously mentioned metals may be separated 
from molj’bdenum, vanadium, titanium, nio- 
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bium, and tantalum. Ammoniacal ammonium 
carbonate prevents the precipitation of uranium. 
The reagent is used in alcoholic or acetic acid 
solution. 

The oxine precipitates may often be weighed as 
such, but it is generally preferable to dissolve 
them in hydrochloric acid and titrate the solution 
with bromate-bromide (see Volumetric 
Analysis, p. 650). 

(c) Quinaldinic Acid. — Like oxine, quinaldinic 
acid gives insoluble salts (or basic salts) ivith 
many metals, but the right choice of conditions 
enables separations to be made. Thus copper 
may be separ.ated from Cd, Pb, Hg, Mn, Ni, 
Co, PO/", AsO/", by precipitation in hot 
dilute sulphuric acid solution. Zinc in dilute 
acetic acid may be separated from manganese 
and the alkaline earths, while the presence of 
alkaline tartrate also prevents precipitation of 
Fe"', Al, Be, Ti, and U (Ray and ■ others, 
Z. anal. Chem. 19.33, 95, 400; 1935, 100, 324; 
Mikrochem. 1935, 17, 11). 

Gravimetric Determination of the 
Elements. 

Lithium . — When present alone lithium is best 
estimated as sulphate, though precipitation as 
phosphate or fluoride may also bo used. The 
last two methods give fair separations from 
other alkali metals, but where these are present 
the lithium is best removed by taking advantage 
of the solubility of certain of its salts in organic 
media. Thus from a mixture of the anhydrous 
chlorides the lithium salt may bo separated by 
means of dioxan, acetone, amyl alcohol, iso- 
butyl alcohol, or pyridine. In each case the 
solvent must be perfectly dry, although when 
acetone is used one drop of concentrated hydro- 
chloric acid is added to prevent the formation of 
lithia. 

These extractions are best carried out by 
the procedure advocated by Sinka for dioxan 
(Z. anal. Chem. 1930, 80, 430). The weighed 
mixture of alkali chlorides is placed in a 
sintered glass crucible which is suspended 
just above the surface of the solvent in a 
suitable flask fitted with a reflux condenser, 
and the liquid is gently boiled for some hours. 
The condensate drips into the crucible and 
j.cffcctively extracts the lithium chloride, which is 
determined by the loss in weight of the crucible 
and, if necessary, by estimation of the dissolved 
salt either ns sulphate or volumetrically with 
silver nitrate (Brown and Reedy, Ind. Eng. 
Chem. [Anal.], 1930, 2, 304; Gooch, Chem. Nows, 
1887, M, 78 ; Winkler, Z. anal. Chem. 1913, 52, 
628 ; Kohlenberg and Krauskopf, J. Amer. 
Chem. Soc. 1908, 30, 1104; Moser and Schutt, 
Monatsh. 1929, 51, 23). 

Yagoda recommends the extraction of lithium 
bromide with isoamyl alcohol, in which case 
magnesium, strontium, calcium, and lithium 
alone of the alkali and alkaline earth bromides 
dissolve. Conversion into the nitrates and 
ignition removes magnesium as oxide, while 
strontium is separated by virtue of the insolu- 
bility of its nitrate in Monmyl alcohol. Calcium 
is then precipitated as oxalate and lithium as the 
stearate (J. Amer. Chem. Soc. 1930, 52, 3068; 
1932, 54, 984). 
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Lithium may also be separated from the other 
alkali metals by extracting the perchlorates with 
ethyl acetate and n but\l alcohol (1 : 1) (Smith 
and Ross.J. Amer. Chem. Soc. 1923, 47, 1020), 
but Moser and Schutt (I c.) state that this method 
gives low results. 

A solution of sodium arsenate Mith excess of 
ammonia and enough alcohol to produce a faint 
turbidity gives a pink precipitate Mith lithium; 
other alkali metals do not interfere, uhile 
magnesium may be prei iously removed with 
sodium arsenito (Gas|)ar y Arnal, Ann. Chun. 
Analyt. 1033, (ii), 15, 103). Magnesium is, 
however, best removed with S-hjdroxyqnmohne 
(Sloser and Schutt, Z.c.). 

Sodium. — Sodium may bo estimated as 
sulphate or, if potassium is present, as chloride; 
in the latter case the potassium is determined 
as platinichloride and the sodium found by 
difference. 

A useful method for sodium and one which 
accomplishes a fair separation from other alkali 
metals is by means of zinc (or magnesium) 
uranyl acetate, whereby a crystalline pre- 
cipitate of the triple salt, 

NaM(U0,)3(C*H,0,)„6H,0. 
is obtained (M*Zn or Mg). This precipitate, 
although BOlublo in water, is insoluble m excess 
of the reagent or m alcohol or ether The tme 
uranyl acetate is made by dissohing 200 g. of 
rmc acetate and 70 g of uranyl acetate in 00 ml 
of ghcnl acetic acid and 940 ml of water, 
the solution being filtered after standing for 
somo hours at room temperature. The neutral 
sodium solution containing not more than b mg. 
of the metal per ml. is treated with ten times its 
volume of reagent and the mixture allowed to 
stand for one hour with occasional atirring 
The precipitate is filtered through a sinter^ 
glass crucible, washed five tunes with 2 ml. 
portions of the reagent, then with alcohol 
saturated with the triple acctiitc and (imlly with 
ether. It is weighed after drying fur ISniimitcs 
at 40“. 1 g. of the Zinc triple 8.ilt=14 05 mg 
Na. 

Kahaiic (Dull. Hoc chim. JI133, [iv], &3, 557) 
suggests the foUuwing as the best nngncsiMui 
reagent: uranyl acetate 23 g, imgncsium 
acetate J.30 g , ncctic acid 7bU g., and rnough 
water to ra.iko up to one litre. Using this 
It IS only necessary to take a > olumo equal to 
that of the solution while it gives no pre- 
cipitate with less than a 10% solution of 
potassium chloride or a 1% solution of lithium 
chloride. Phosphates and oxalates intcrfire in 
these estimations. (Zn sail, — Kolthoff, Z. 
anal. Chem. 1927, 70, 397 ; Barber and KoIthoR, 
J. Amer. Chem. Soc. 192S, 60. 1025; 1929, 51, 
3233 ; Mg sail : Kolthoff, Pliarni Wcckblad, 
1923, 60, 123! ; Calcy and others, J. Amer. 
Chem. Soc. 1929. 61, 1004 ; 1930. 62, 41, 1349; 
1932, M, 1344; Ind. Eng. Chem. (Anal,} 1934,6. 
202; Kahanc, Bull. Soc. chim. 1930, (it), 47, 
382; Nl tall: Feldstcip and Ward, Analyst, 
1931,68, 24.').) 

Various volumetric methods of ecfnniting 
the triple acetate precipitates have also been 
recommended. 

Potassium. — This third member of the alkali I 


gnnip 18 usually estimated as sulphate, plalmi. 
cblonde, perchlorate, or less successfully as 
cobaltimtnte. 

(а) Plalinichloride Method . — When sodium (or 
hthium) 18 present the determination is made as 
follows. A weighed mixture of the chlorides is 
dissolved in a little water and sufficient platim- 
cliloric acid added to convert them completely 
into the complex salts. The mixture is then 
evaporated in a porcelain basin nearly to dryness 
and the residue extracted with alcohol (80-85%), 
which is decanted through a small filter paper; 
the extraction is continued until the residue is 
golden-jellow and shows no orange red colour. 
The residue and filter paper are dried separately 
and any precipitate on the paper is dissolved in a 
little w arm w atcr, the solution being caught in a 
weighed platinum crucible or dish, after which it 
IS ev aporated to dryness. The platinichloride in 
the di«h 18 now added with the aid of a little 
water, the solution again evaporated, and the 
salt IS finally dried at 130° for one hour. 

When potassium alono is present it is usual 
to add a few drops of hydrochloric acid before 
precipitation, but otherwise the procedure may 
bo earned out as above. 

It has been usually stated that the potassium 
must be in the form of chloride and that metals 
of the other analytical groum must be absent, 
biitO'Lcary and I’opish (ind Eng Chem [Anal ], 
1034,6, 107) state that potassium, rubidium, or 
cxsiuni may bo qu.vntitativcly prccipitalcd in 
alcohol without contamination even m tho 
piesencc of fair amounts of sodium, aluininuim, 
iron, or manganese provided all the metals are 
present as nitrates. 

Instead of weighing the platinichloride, it 
may be dissolved in water and reduced with 
magnesium ribbon and hydrochloric acid to 
platinum, which is weighed About 05 g of 
magnesium is requiied for every 02 g of 
potasMum present end before filtration the mix- 
tine IS boiled with a few ml. of acid to dissolio 
any bxsio magnesium salts (Hicks, Ind. Eng. 
Chem 1913, 5, 650 ; Wells, Bailey, and Fair- 
child, tbul. 1924, 16. 935). 

(б) As Perchlorate, KCIO^, — Thu method abo 
wives ns a separation from aodium and lithium 

The ihloiidcs are converted into per- 

ihlontei- by evapoiating to dryness twice with a 
few inL of ti9% perchloric acid at a temperature 
not exceeding 330°. The residue is extracted with 
absolute alcohol containing 0 2% perchloric acid 
and the extract decanted through a sintered glass 
or Gooch crucible. Tho residual potassium 
perchlorate may now cither be transferred to 
the eruciblo with the aid of absolute alcohol 
saturated with potassium perchlorate or, for 
greater accuracy, it may be dissolved in water, 
cva{»or.Ued to dryness with a Iiltlo pcrclilone 
acid, and the extraction repeated before finally 
tran^fening to the crucible. Tho precipitateis 
dried at 120° (Baxter and Kobayashi, J. Amer. 
Chem. Soc. 1917,39,249; Baxter and Ruppcct 
i&fi. 1920, 42. 2046). 

A mixture of butyl alcohol and ethyl acetate 
mxy be used instead of alcohol and in some way* 
is to be preferred (Willard and Smith, J. Amer. 
Chem. feoe. 1022, 44. 2810; 1923. 45, 293; 
I Smith and Rosa. ibid. 1025. 47, 774, 1020). 
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Neither the platinichlorlde nor perchlorate 
method is entirely satisfactory when the per- 
centage of sodium present is considerable, but 
Smith and Gring (J. Amer. Chem. Soc. 1933, 55, 
3957) claim that it is possible to estimate 0-16% 
of KCI in NaCI by a combination of these 
methods. A solution of the perchlorates, con- 
taining not more than the equivalent of l-G g. 
of sodium chloride per 100 ml. in 95% aqueous 
ethyl alcohol is treated with platinichloric acid 
(0-2 g. per 100 ml. of solution) in the same 
medium. After digestion, the mixture is kept at 
0“ for one hour, filtered, washed once with 95% 
alcohol and then with absolute alcohol. The 
precipitate is then determined as either KjPtClg 
or Pt. 

Rubidium and Csesium. — The three alkali 
metals potassium, rubidium and csesium so 
closely resemble each other that the task of 
obtaining even qualitative separations is not 
easy, while entirely accurate quantitative 
determinations of them have nob yet been 
made. 

Qualitative separations of potassium may be 
effected by ; 

(а) Fractional precipitation with platinichloric 
acid and strong hydrochloric acid (Robinson, 
Ind. Eng. Chem. 1918, 10, 60). 

(б) Precipitation of cajsium and rubidium as 
stannichloride, a method commonly used in 
qualitative analysis but which under quantitative 
conditions causes co-precipitation of potassium 
(Moser and Ritschcl, Z. anal. Chem. 1927, 70, 
184; Burkser, Milgovskaja, and Feldman, Z. 
anal. Chem. 1930, 80, 264). 

(c) Sodium silioomolybdate has also been used 
technically to separate rubidium and csesium 
from potassium (Jander and Busch, Z. anorg. 
Chem. 1930, 187, 165; 194, 38; Moser and 
Bitschel, Monntsh. 1925, 46, 9). 

The separation of csesium from rubidium or 
potassium may be quantitatively accomplished 
with silicotungstic acid in 6A' -hydrochloric acid 
(O’Leary and Papish, Ind. Eng. Chem. [Anal.] 
1934, 6, 107). The double compound -with 
bismuth iodide, Cs^BijIg, has also been re- 
commended by Tananaev and Harmasch 
(Z. anal. Chem. 1932, 89, 256), but Feldmann 
{ibid. 19,35, 102, 102) states that the method 
docs not give accurate results. Various com- 
plexes with antimony chloride, especially the 
one with ferric chloride, have also been used 
(Strccker and Diaz, Z. anal. Chem. 1925, 67, 
321). . 

Potassium and rubidium may be qualitatively 
separated from cwsium by means of their 
sparingly soluble picrates, acid tartrates, or 
6-ch!oro-5-nitrotoluene-3-sulphonates. 

O’Leary and Papish (l.c.) have recently 
described a scheme for the quantitative separa- 
tion and estimation of the three alkali metals 
which appears to be reasonably accurate. Use 
is made of lutco-phosphomolybdic acid (9- 
phosphomolybdic acid) which when added to a 
solution of the mixed ehlorides in boiling nitric 
acid (3-5A’) precipitates the rubidium and 
ca?sium only, provided that the amount of 
potassium chloride does not exceed 1 g. per 100 
ml. of solution. The potassium in the filtrate 
mny bp estimated in the usual way. 


The phosphomolybdate precipitate is then 
dissolved in dilute alkali, the solution saturated 
with hydrogen sulphide and made just acid with 
nitric acid, when the molybdenum is precipitated 
as srdphide and filtered off. The csesium in the 
filtrate is then precipitated as silicotungstate in 
6jV-HCI, though it is more satisfactory first to 
concentrate the tw'o alkali metals as their platini- 
ehlorides and then to effect the separation. The 
cajsium is not weighed as silicotungstate but is 
converted into the platinichloride. For this 
purpose the precipitate is dissolved in sodium 
hydiroxide, made faintly acid with nitric acid, 
and mercurous nitrate added to remove the 
silicotungstic acid as the insoluble mercurous 
salt. Excess mercurous nitrate is oxidised to 
mercuric nitrate, which is soluble in alcohol and 
does not interfere with the platinichloride 
precipitate. 

The rubidium in the filtrate is also estimated 
as platinichloride. 

Alkalis in Rock Analysis. — ^Two methods 
are available for the general treatment of rocks 
or ceramics in the determination of their alkali 
content. The first of these, due to Berzelius, 
consists in attacking the material with hydro- 
fluoric and sulphuric acids followed by removal 
of all metals except the alkali group and by 
conversion of the sulphates to chlorides. The 
second procedure, that of J. Lawrence Smith, 
is the one most commonly adopted, and here the 
substance is decomposed by heating with 
ammonium chloride and calcium carbonate. 
It is then only necessary to remove caleium 
and any sulphate which may have been present. 

(a) Lawrence Smith Method . — ^The finely 
powdered sample (1 g.) is intimately mixed with 
an equal weight of ammonium chloride and 
with eight times its weight of dense granular 
calcium carbonate, and heated in a tubular 
platinum crucible fitted with a cap. The 
ignition is made very gently at first until no 
more ammonia is evolved and then strongly for 
40-60 minutes. The product is digested 
with 50 ml. of water in a platinum basin until 
the solution is saturated with calcium hydroxide, 
when it is carefully decanted, after settling, 
through a filter paper. The extraction is 
repeated three times and the residue and filter 
paper finally washed with 60-100 ml. of hot 
water or a hot saturated solution of calcium 
hydroxide, depending on whether little or much 
magnesium is present. The combined filtrate 
is now reduced to 100 ml., filtered if any 
magnesium separates, and the bulk of the 
calcium removed wth ammonia and ammonium 
carbonate, double precipitation being used. 
The last traces of calcium are removed as 
oxalate and the final liquor evaporated to 
dryness with a little hydrochloric acid to 
decompose any alkali carbonate which may have 
been formed. Ammonium salts are removed by 
ignition and the alkaU chlorides weighed 
(HiUebrand and Lundell, “ Applied Inorganic 
Anaij'sis,” p. 787 ; van Tongeren, Z. anorg. 
Chem. 1934, 218, 252 ; Lamar, Hazel, and 
O’Leary, Ind. Eng. Chem. [Anal.], 1935, 7, 
429). 

(b) M ethod of Berzelhis . — ^In this treatment the 
mineral, which need not be so finely ground as 
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for the preceding method, is heated in a emalt 
platinnm basin with hjdrofluonc and snlphanc 
acids until no gritty p.irticlea are felt on 
atimng with a atout platinum wire. The 
greater part of the aulphuric acid is then 
expelled, care being taken to see that all the! 
hydrofluonc acid is removed. The cooled 
residue is extracted with water, the sulphate 
remoied with banum chloride, and, without 
filtering, the mixture is evaporated to dryness 
Extraction with hot water is now followed 
by the addition of barium hydroxide and, in 
Older to render the magnesium preeipitate 
less soluble, again evaporated to dryness with- 
out filtering. This residue is now fitered with 
the aid of a little water and well washed with 
banum hydroxide solution. Excess of banum is 
remoxed with ammorua and ammonium 
carbonate, the filtrate evaporated to dryness 
and heated gently to remove ammonium aalts 
The residual alkab chlondea are again treated 
for the removal of banum, taken to dryness, and 
gently ignited Any traces of magnesium 
present can either be determined later or can 
probably be removed with 8 hjdroiyquinoline 
(see under Lithium] or as magnesium ammonium 
phosphate. 

The further analysis of the mixed alkah 
chlondea is then conducted as set out under the 
separate metals 

Other methods, less used than the preceding, 
employ boric, lead, or bismuth oxides as 
decomposing agents 

Copper. — Copper may be separated from the 
metals of the later analytical groups pre- 
cipitation as sulphide m dilute acid solution 
Itemoral of the arsenic group is accomplished 
by digesting the sulphide with sodium hydroxide 
and sodium sulphide Hydrogen sulphide pre- 
( cipitates cadmium and bismuth but not copper 
from solution containing potassium cyanide. 

Many organic reagents hare been advocated 
for the determination of copper m the presence 
of other metals Thus nitroso-^-naphthol 
qiiantitatiicly precipitates copper from very 
dilute hydrochloric acid solution of the cblonde 
and eulphatf while Cd, Pb, Hg, Mn, Zn, Ni, 
and Mg remain in solution. 

Salicy laldoximc can also be used to determine 
copper in the presence of Zn, NI, Co, Fe"', 
Ag, Hg", and As"’ ions. The reagent (I g. 
in 6 ml of alcohol and 9o ml. of hot water) 
is added to a solution of copper sbghtly acid with 
acetic acid at room temperature, the precipitate 
filtered, well washed with water, and dried at 
J05®. The complex contains 18 05% Cu 
(Ephraim, Her. 1030, 63, 1028) Astin and 
Riley (J.C S. 1033. 314) state that an alcoholic 
solution of equivalent amounts of sabcylalde- 
hyde and hydroxy iamine hydrochlondc may 
replace sahey laldoxime. 

ESTIMATIOS OF COPPEB. (u) Ai CuCNS, 

150 ml. of a warm or hot sulphuric acid solution 
containing 01 g. of copper is treated with a 
saturated solution of sulphur dioxide in excess 
or with 2 g of sodium sulphite. After a short 
while on a steam bath, most of the free acid is 
neutralised with sodium hydroxide (any 
turbidity is cleared with a few drops of acid 
and a 3— l-fold excess of ammonium thio- 


cyanate in a solution of sulphur dioxide is 
added. After standing for some hours the 
precipitate is filtered, washed with cold 1% 
ammonium sulphate followed by 20% alcohol 
and dried at 110°., 

In the presence of tartaric acid (2-3 c) this 
method provides a separation from Bi, Sb, Sn, 
As, Fe, Ni, Co, Mn.Zn.and Cd, but tellurium, 
selenium, lead, mercury, and the precious metals 
interfere (Demorest, Ind. Eng. Chem. 1813, 5, 
216). If hydroxy lamine sulphate, in the 
presence of much ammonium chloride, is u«ed 
as reducing agent, then mercury does not inter- 
fere (Krauss, Z. angew Chem 1927, 40, 354). 

(6) Il'ifA Onne. — Working in tartrate-sodium 
hydroxide solutions, copper may be estimated in 
the presence of most metals excepting Zn, 
Cd, Mg, and Fe“, while a separation from 
Cd, Mg, and Be is achieved in acetic acid 
media 

In the former case the copper is precipitated 
from 0 2N-8odium hydroxide containing 5 g of 
sodium tartrate per 100 ml. of solution while in 
the latter case the solution contains 5% of sodium 
acetate and 10% of acetic acid. The reagent is a 
2% alcoholic Bolution and the precipitate is 
washed with hot water and dried at 110°. 
Cu(C,H.ON), contains 18 08% Cu (Berg, 
Z. anal. Chem 1927, 70, 341 , Calvert, Compt. 
rend 1932. 195, 148) 

(f) H’tiA ^iiinoWinic Add — To ISO-ICO cc. 
of the neutral copper solution (0 01 to 0 04 g. 
Cu) IS added 2-5 c c of 2A' sulphuric acid and 
the liquid boded The sodium Salt of the 
reagent (about 4% solution) js then added drop 
by drop until precipitation is complete After 
standing for some minutes the green copper 
quinaldinate is filtered, washed with hot water 
first by decantation and then on the filter 
crucible, dried at 125% and weighed 
(C,oH,OjN),Cu,HjO contains 14 06% Cu. 
This method may be conducted in the presence 
of Cd, Pb, Mn, Ni, Co. PO/", AsO«"', and 
AsOj'" ions (Riy and Bose, Z. anal. Chem. 
1933. 95, 400). 

A rapid method of estimating copper is based 
on the Spacu reaction, (hat is the formation 
of Cu(CsH^N) 2(SCN)2 With pyridine and 
ammonium thiocyanate (Spacu and Dick, iftid. 
1927, 71, 185 ;• Gobc, Bull. Soe. chim. 1931, 
(»»).49, 84). 

Silver. — ^Thc only gravimetric estimation of 
silver that need be considered is that based on 
Its precipitation as chloride m dilute nitric acid. 
Lead, cuprous, palladous, mercurous, and 
thallous ions interfere as do cyanides and thio- 
sulphates, while the hydrolysis of antimony and 
bismuth salts also provides a disturbing feature. 
The oxidation of univalent copper, mercury, and 
thallium derivatives prevents their interference 
and the same process serves to destroy cyanides 
and thiosulphates. Palladium, antimony, and 
bismuth can usually be remov ed by repeatedly 
dissolving the silver chloride in ammonia and 
reprecipitatmg with nitnc acid. Bismuth 
may also be separated by pnor precipitation 
with cupferron. Lead may be removed by 
depositing silver chloride from dilute solutions; 
alternatively, lead may be precipitated bv 
ammonium phosphate from aweaklyammoniacal 
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solution containing ammonium tartrate (Vort- 
mann and Heclit, Z. anal. Chem. 1925, 67, 
276), or as carbonate by passing carbon dioxide 
into a dilute p 3 »ridine solution (Jilek and Kota, 
Coll. Czech, Chem. Comm. 1933, 5, 396). 

The silver estimation is carried out as follows, 
care being taken to protect the silver chloride 
from exposure to light. 

The solution, containing about 0-1 g. of silver 
in 100 ml. of dilute nitric acid (1 : 99), is treated 
with hydrochloric acid or a soluble chloride at 
70° with constant stirring until the precipitant 
is present in slight excess. The mixture is 
kept warm until the precipitate settles and is 
then left for some hours. The silver chloride is 
filtered on to a filter crucible, washed with 
O-OliV-hydrochlorie acid, and dried first at 100° 
and then at 130°, 

G. and P. Spaou have recommended the use of 
various co-ordination compounds of cobalt and 
copper for the estimation of silver (Z. anal. 
Chem. 1932, 90, 182; Bui. Soc. StiinteCluj, 
1934, 7, 568). 

Gold. — Gold is easily separated from prac- 
tically all other elements by reduction in 
hydrochloric acid solution with sulphur dioxide ; 
the interfering elements are selenium and 
tellurium, which are also precipitated, and lead 
and the alkaline earths, which give precipitates 
with the sulphate formed by oxidation of the 
sulphurous acid. Small quantities of the 
platinum metals may also be carried down if 
present in considerable amounts. 

Gold may also bo easily separated as auric 
chloride by extracting the latter with ethyl 
acetate from dilute hydrochloric acid solution ; 
mercuric chloride is also extracted, but can be 
removed by shaking' the extract with 3N- 
ammonium chloride. 

After precipitation of the metal, gold may be 
separated from selenium and tellurium by 
treating with nitric acid when the last two 
dissolve. If the reduction is carried out by 
nitrous acid in a OASN-HCl solution buffered 
with Rochelle salt to Pji)>l, or by ferrous 
sulphate in 0‘3-0-6N-h}'drochloric acid, then 
tellurium (and selenium ?) is not reduced (Len- 
her. Smith, and Knowles, jun., Ind. Eng. Chem. 
[Anal.], 1934, 6, 43). 

The method of estimating gold by reduction 
with sulphur dioxide is carried out as follows. 
The gold solution in about 0'3-0-5A-hydro- 
chloric acid, and not containing more than 0-5% 
of the metal, is treated with considerable excess 
of saturated sulphur dioxide solution. It is 
digested for some time on a steam bath, a few 
millilitres of sulphurous acid added, and allowed 
to cool. Filtration is effected through a fine 
filter paper and washing ■\nth hot dilute 
hydrochloric acid followed by hot water. If 
platinum metals were present the gold is 
dissolved in aqua regia, evaporated several 
times to dryness with hydrochloric acid and then 
reprecipitated either as above or with oxalic acid. 

Beryllium. — ilost beryllium minerals may 
bo broken down by fusion with sodium carbon- 
ate, while a few of the phosphatic rocks can be 
attacked by aqua regia. 

Until comparatively recently beryllium was 
difficult to separate from other metals and the 


usual method of determination by precipitating 
w'ith ammonia in the presence of ammonium 
chloride or nitrate was unsatisfactory owing to 
the gelatinous nature of the precipitate and its 
tendency to adhere to the walls of the vessel. 

Moser and his co-workers have, however, 
evolved a method whereby the hydroxide may be 
obtained in an easily filtered, compact form. 
The beryllium is precipitated from neutral 
solutions by heating with ammonium nitrite 
and methyl alcohol at 70°, a current of air being 
passed through the solution. The precipitate is 
filtered, washed with hot water, and ignited 
to BeO, as the latter is hygroscopic the 
crucible should be weighed in a tared weighing 
bottle. 

This method provides a separation from all the 
metals of the later analytical groups (4, 5, and 6) 
excepting barium, wdiioh should previously be 
precipitated as sulphate ; cadmium and 
thallium also do not interfere (Moser and 
Singer, Monatsh. 1927, 48, 673 ; Moser and 
List, ibid. 1929, 51, 181). 

For separation from aluminium, ehromium, 
ferric iron, thorium, zirconium and titanium, 
the above authors recommend the use of tannin, 
which precipitates these metals from acetic 
acid solution, whereas beryllium isonly deposited 
on the addition of ammonia. 

A neutral solution (300-500 ml. depending on 
amount of aluminium, etc., present) containing 
30-40 g. ammonium acetate and 20 g. ammonium 
nitrate is treated with 15-25 ml. of 2N-acetio 
acid. The solution is boiled and enough 10% 
aqueous tannin, or 3% tannin in saturated 
ammonium acetate, to precipitate the metals 
completely is added. The tannin adsorption- 
complex is filtered by suction, washed with 
dilute ammonium nitrate solution and dissolved 
in a little hot dilute sulphuric acid. Tho 
resulting solution is neutralised with ammonia 
and the precipitation repeated. Tho beryllium 
in the filtrate is then precipitated by adding ten 
times as much tannin (in 10% aqueous solution) 
as there is beryllia present followed by ammonia 
drop by drop until no more of the complex is 
deposited. Filtration with suction through a 
hardened paper is follow'ed by washing wdth 
hot water and ignition of the precipitate with 
the aid of a little nitric acid. The beryllium 
oxide is weighed using the precautions men- 
tioned above. 

In the separation of ferric iron by the preceding 
method, a little hydrogen pero-xide is added to 
prevent reduction to the ferrous state by the 
tannin. 

The separation of aluminium (and of copper) 
may be accomplished by precipitation with 
8-hydroxyquinoline in wealdy acid acetate 
solution. In the presence of tartaric acid ferric 
iron can also be removed by this reagent 
(Kolthoff and Sandell, J. Amer. Chem. Soc. 
1928, 50, 1900; Niessner, Z. anal. Chem. 1929, 
76, 135). 

Beryllium can also be separated from ferric, 
thorium, zirconium, thallous, cupric, chromate, 
molybdate, arsenite, antiraonite, vanadate, 
tungstate, and uranyl ions by precipitation as 
basic carbonate with guanidine carbonate in 
sfightl^' acidic media or in exactly neutral 
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Bolution if VO«" or WO4" is present (Jitek an4 
Kota, Z. anal. Chem. 1932, 89, 345). 

Magnesium, — The separation of magneainm 
from the metals of ihe first four analytical 
groups IS straightforward, though in the pre- 
cipitation of alumuiium with ammonia and 
ammomum chloride care must bo taken to ensure 
that the precipitation takes place in exactly 
neutral solution, otherwise co-precijatalion may 
take place. 

The use of 8-hydroxyquinolino (oxine) 
enables magnesium to be estimated rn tbc 
V presence of the alkali and alkalme earthmetals, 
but double precipitation is necessary « hen calcium 
IS present or if the magnesium is accompanied by 
com^rderable amounts of atrontium or barium. 

Slagiissium is usually separated from calcium 
by removiii^ the latter as oxalate. It is 
necessary to auil suiEcient ammonium oxalate 
to concert both metali into their oxalates, since 
the calcium salt is somevta'iat soluble in mag- 
nesium ehlonde solution. Also reprecipitation is 
recommended for exact work. This method is 
unsuitable when the amount of calcium present 
IS very small. In such cases the calcii-m is 
precipitated aa sulphate from 75% alcohol, 
although this presupposes the absence of alkali 
metab with sulphates somewhat insoluble m 
alcohol. These may bo removed by first pre- 
cipitating the calcium and magnesium as 
phosphates. 

Estdutiox or fiUoKESiint wits S-Hydboxt- 
QtriKOUKE. — ^The faintly acid boding solution 
contauung g. ammonium acetate is treated 
Bucceasirely with a 2% solution of the reagent in 
2A'-acetie acid and strong ammoma until the 
Bolution b alkaLne. Tho precipitate is allowed 
to eettle, filtered through & Gooch or sintered 
glass crucible, washed with hot water, anddned 
at 105* or at 130*. At the former temperature 
the complex is a dihydrate containing 6 98% 
magnesium; the anhydrous substance obtain^ 
at 130* contains 7 78% magnesium. Alter- 
natively the complex may be determined volu. 
metncally (tee VoLtrxptsio AyaLYsa, p. 650). 1 
If it b desired to reprecipitate, then the precipi- 
tate, before drying, is dissolved in the least 
possible quantity of hydrochloric acid, 2 g. of 
ammonium acetate added together with a few 
drops of the reagent and the mixture heated to 
boding (Berg, Z. anal. Chem. 1937, 71. 23 ; 
Hahn and Vieweg, thtd. p. 122], 

If iron and alumituum are present they may be 
removed by a preUminary precipitation with 
oxine under slightly acid conditions (p^ 6-6) 
(Berg, l.e., p. 369; Hahn and Vieweg, /e. ; 
JaviUier and LavoUay, Bull. Soc. Chins, biol. 
1934, 16, 1531). 

Estimation as Pyeopbosphate. — In this 
estimation of magnesium, which is not entirely 
satisfactory, although it has been investigated 
by many workers, the metal b precipitated os 
magnesium ammonium phosphate, 
Mg(NH 4 )P 04 . 6 H, 0 , 

which b subsequently ignited to Mg^P^Of. 
Alkaline earth metab interfere, as also do tbe 
alkali metab if present in considerable amounts ; 
reprecipitation will, however, ensure the removal 
of the latter. 


The neutral solution, eontainfngnot more than 
0 1 e. of magnesia, is treated with a few drops of 
methyl red followed by 5 ml. ofhydrochloncacid 
(J I-IC), and tho volume made up to 150 ml. A 
saturated solution of diammonium hydrogen 
phosphate (10 mk) is added, the solution cooled 
to 0“ and strong ammonia added carefully 
untd neutrality is reached. After stimngfor 
five minutes, a further 5 nd. of ammonia are 
added, stirring being continued for another 
10 minutes, after which the mixture is left for 
4 hours. The precipitate is filtered, washed 
with 0 5A'>ammonia, dried, and ignited at 
1,000“ to constant weight. 

Calcium. — Estimation aa the oxide, after 
precipitation as calcium oxalate, is the method 
most frequently used. It is necessary to remove 
moat other metab though small amounts of 
barium and moderate amounts of magnesium or 
alkali metab do not interfere if double pre- 
cipitation IS carried out. No difficulties are 
experienced in separating the members of the 
previous analytical groups pronded no sul- 
phates, fluorides, or phosphates are present 
The usual separations of calcium from mag- 
nesium have already been dealt with; others 
which have been used depend on the pre- 
cipitation of calcium (a) with ammonium 
molybdate (see below) ; (h) with sodium tung- 
state (Mousscron and Bouissou, Bull Soc Chim 
bio). 1930, 12, 482), (c) with pierolome acid 
(Dvrorzak and Eeich Robrwig, Z anal Cbcm 
1931, 86. 08). These methods may also be used 
for micro determinations of calcium 

Strontium and barium are usually separated 
from calcium by taking advantage of the 
solubility of calcium nitrate in alcohol and 
ether (1 ; 1), concentrated nitric acid or isobutyl 
oIcohoL 

In the case of the alcohol-ether mixture, tbe 
nitrates, dried at 130*-160*, are crushed m a 
smaD basin and extracted with S ml. portions of 
the mixture. After stirring and settling the 
solution is decanted into a small flask. Tbe 
number of extractions will depend on the amount 
of material to be treated, but five should he 
sulbcicut. The residue is dissolved m water, 
evaporated, dried at 150®, and, after cruiiung, is 
transferred as completely aa possible toia flask 
using three 5 ml. lots of the solvent Tb i flask is 
stoppered, left for 24 hours, and the Solution 
filtered, tho residue being washed woU by 
decantation. J 

In using ijobutyl alcohol, the dry nitrAtes are 
extracted twice with absolute alcohol (E5 ml. 
portions) and then once with 5 ml, W ue 
butyl alcohol. Tho residue is dissolved, vvapo- 
ratM, dried, and agam extracted with two 5 ml. 
lota of isobutyl alcohol (SzcbcUddy, Z. *aiiJ 
Chem. 1927, 70, 39). \ / 

In both cases the calcium is recovered fnj' 
the filtrate and finally estimated as suIphaiV 
Banum may be separated from calcium anqJ 
etrontium by precipitating as chromate froiii 
acetic acid solutions (v. Barium) or as siheo-' 
fluonde from aqueous alcohobc media. 

PxTERMINATION OF CALCIPM. — (a) As Oral- 
ale. The sbghtly ammoniacal solution which 
should not contain more than about 01 g. of 
CaO per 100 ml. is heated to boiling and 
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excess of hot 4% ammonium oxalate added 
•with stirring. The mixture is boiled for 2 
minutes, kept hot on a steam bath for ^ hour, 
and then allowed to cool for 2 hours. After 
filtering, the precipitate is washed with cold 
0-1% ammonium oxalate and ignited at 1,200° 
for 5 minutes. Alternatively the oxalate is 
converted into sulphate by moistening ■with 
redistilled sulphuric acid and, after ignition, 
weighed as ChSO^. 

The estimation may be carried out in the 
presence of certain other metals, such as silver, 
lead, iron, aluminium, zinc, etc., if the pre- 
cipitate is carried out in the presence of citric 
acid (Erdheim, Rocz. Chem. 1933, 13, 64). 

Brunck (Z. anal. Chem. 1933, 94, 81) re- 
commends weighing the precipitate as 
CaC 204 ,H 2 O, in winch case it is dried first at 
C0°-70° and then at 110° or is washed -ndth 
alcohol and ether. 

(i) As Molybdate. This method provides a 
clean separation from magnesium with a single 
precipitation. 

A boiling neutral solution is treated slowly 
(1 drop a second) with 6% ammonium molyb- 
date solution made slightly ammoniacal. When 
excess of the reagent has been added, the liquor 
is boiled for at least 10 minutes so that the 
precipitate may become crystaUine when it 
settles readily giving a clear supernatant liquor. 
After 30 minutes the molybdate is filtered 
through a Gooch crucible, the asbestos pad of 
which has been reinforced with a little ground 
asbestos, washed with water, dried at 130°, 
and then ignited in a larger crucible (Ca= 
20-03%). 

Care should bo taken not to add the reagent 
faster than is recommended or to stir the 
solution while the precipitate is forming ; 
otherwise the crystals adhere tenaciously to the 
glass surfaces (Wiley, Ind. Eng. Chem. [Anal.], 
1931, 3, 127). 

Strontium. — ^tVhenever possible, strontium 
is estimated as sulphate. Eor this purpose, the 
neutral (preferably chloride) solution is treated 
with considerable excess (10-fold) of dilute 
sulphuric acid followed by alcohol equal to the 
volume of the liquid. The precipitated sulphate 
is filtered after 12 hours, ■\vashed with 50% 
alcohol containing a little sulphuric acid, then 
with rectified spirit, dried, and ignited at a dull 
red heat. 

Strontium may also bo precipitated as oxalate 
and ignited to carbonate or oxide. The results 
are somewhat low, owing to the solubility of 
strontium oxalate, unless alcohol is added. 
WhUo such a procedure is legitimate when 
strontium alone is being determined, it involves 
the co-precipitation of barium and magnesium if 
these also are present. 

Barium. — ^Tho separation of barium from the 
other alkaline earth metals is usually carried 
out by the chromate method. Barium chromate 
is precipitated in the presence cither of 
ammonium acetate (3 g.) or of acetic acid (5 ml.) 
and ammonium chloride (5 g.). In the former 
case it is usual to use ammonium dichromate 
(10% solution) as the precipitant, while in the 
latter case potassium chromate serves. The 
barium chromate is dried at 130°; BaCr 04 = 
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64-2% Ba (Skrabal and Neustadl, Z. anal. Chem. 
1905, 44, 742 ; Szebelledy, l.c.). 

Eor the more usual estimation of barium as 
sulphate, the hot solution (slightly acid with 
HCI) is treated ■with a slight excess of hot dilute 
sulphuric acid and is then kept on a steam bath 
until the precipitate has settled. The sulphate 
is filtered, washed 'with hot water containing a 
little sulphuric acid and finally with a little 
■water; it is dried and ignited to a constant 
weight at a dull red heat. 

Barium sulphate shows a considerable ten- 
dency to carry down barium chloride or nitrate 
so that it is advisable to treat the ignited 
precipitate, after weighing, with 1 drop of 
sulphuric acid, drive ofE excess acid and re- 
ignite and weigh (v. Karaoglanov and Sagort- 
schev, Z. anorg. Chem. 1935, 221, 369 ; Hahn and 
Keim, ibid. 1932, 206, 398; Vasilieva, Trans. 
Kirov Inst. Chem. Tech. Kazan, 1935, Nos. 4—5, 
97). 

Barium may also be separated from calcium, 
magnesium, and strontium by adding to 0-5 g. 
or less of the mixed chlorides, 50-75 ml. of a 
4 : 1 mixture of strong hydrochloric acid (33%) 
and ether. The precipitated barium chloride is 
washed with the acid-ether mixture (Gooch and 
Soderman, Amer. J. Sci. 1918, [iv], 46, 538). 

Zinc. — Zinc is best removed from related 
metals by precipitating as sulphide under care- 
fully controlled conditions. In the prior separa- 
tion of metals precipitated by hydrogen sulphide 
in acid solutions it is necessary to have sufficient 
acid present to prevent zinc sulphide being oo- 
precipitated and, in any case, repreoipitation is 
recommended in order to avoid loss of zinc at 
this stage. 

Moser and Behr (Z. anorg. Chem. 1924, 134, 
149), using an approximately N/8 sulphurie acid 
solution, find that zinc is completely precipitated 
by hydrogen sulphide under pressure, whereas 
such is not the case with manganese, iron, 
cobalt and nickel. Pressure precipitation is also 
recommended by Bales and Ware (J. Amer. 
Chem. Soc. 1919, 41, 487) who use a solution 
containing ammonium formate, formic and 
citric acids. The optimum hydrogen ion con- 
centration corresponds to about a pjj of 2-5, 
although Jeffreys and Swift {ibid. 1932, 64, 
3219) state that precipitation is complete even 
at pjj 1‘6 in media buffered ■with sulphate- 
sulphuric acid. The use of the chloroacetic acid- 
sodium acetate buffer is recommended by Mayr 
(Z. anal. Chem. 1933, 92, 166) and at a Pg of 
2-(5-2-7 the zinc sulphide is granular and 
uncontaminated by other metals of the ammon- 
ium sulphide group except cobalt when present 
in greater concentrations than 6% (see also 
Frers, ibid. 1933, 95, 1, 113). 

Cobalt, however, may be prevented from con- 
taminating the zinc sulphide by precipitating in 
the presence of gelatin (1-2 mg.) or agar (2-5 mg.) 
and of acrolein (Caldwell and Moj'er, J. Amer. 
Chem. Soc. 1935, 57, 2372, 2376). 

A separation from magnesium or nickel is 
obtained by precipitating zinc ■\vith cjmnamide. 

Estimation of Zinc. — ( a) As Sulphide 
(method of Caldwell and Moyer). The zinc 
solution, containing not more than 0-25 g. of 
Zn or 0-5 g. of cobalt and free from chlorides. 
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is adjusted so that the hydroxides are jmt not 
precipitated. Ammomuci sulphate (6-8 g.) is 
added, the solution diluted to 230 and 0 2 
ml. arroleui solution added, A rapid stnam of 
hydrogen sulphide is passed for 30 minutes, 
then 5-10 ml. of a 0 02% gelatin aolntionare 
added and the precipitate filtered after 20 
minutes. The precipitate is washed with cold 
water and ignited to the oxide at 1,000“ in * 
muffle furnace. The acrolein solution is made 
hy adding 4 ml. of the aldehyde to 100 ml. 
w ator containing 10 mg. of hydrorjiunone and 
1 drop of strong hydrochloric acid. 

If cobalt IS to be estimated in the filtrate, then 
the latter is strongly acidified and boiled down 
to one-third its onginal volume in order to 
remove acrolem. 

In the method of MayT, the ainc solution 
(nitrate or chloride) la treated drop by drop 
with 2N-B0dium hydroxide until there is a sbght 
permanent turbidityj 10 ml. of 2A' ehloro- 
acetic acid are added with atimng and, after 
the solution has become clear, 10 ml of A' 
sodium acetate are introduced. The solutionis 
diluted to 150 ml , hydrogen sulphide passed in 
rapidly for 10-15 minutes, and (he line sulphide 
filtered after 15-20 minutes. If other metals 
are present, the precipitate ts washed with 10 ml. 
ofcUoroacetic acidand 10ml of sodium acetate 
solution m 150 ail. water which has been 
saturated with hydrogen sulphide and finally 
with 4% acetic acid saturated with hydrogen 
sulphide. Miien zinc alone is present the second 
wash water only is used. 

It u always advisable to convert the eulpbide 
into oxide or sulphate for the purpose of 
weighing. 

(b) At Zme Anmonum PbMpbale . — To the 
solution containing about 0 1 g ofzmcareaddMl 
5 g of ammonium chloride and 10 ml. of 2Ar. 
so^um acetate. After dilution to 140 ml. it is 
heated on a steam bath and, when hot, there are 
added 10 ml. of 10% diaramamum hydrogen 
phosphate. The mixture is heated on the 
water hath for two hours, filtered, washed first 
with cold water, and then with alcohol and dried 
at 105°. The optimum pa of the solution for 
maximum insoihduity of the precipitate u 6^6. | 
The original pg of the above hqiud is 7 5 but falls 
to 6 4-^ 9 after 2 hours on the water bath 
(Ball and Agruss, J. Amer. Chem. Soc. 1930, 62, 
120 ). 

(cj iVith Qumaldimc Acid. — ^Tbe neutral 
solution (150 ml } is acidified with 2-5 ml. of 
dilute acetic acid, heated to boding, and treated, 
drop by drop while etirrmg, with the sodium 
salt of (jumaldinic acid (correspondmg to 
3-4% solution of the acid). ^Vhen precipitation 
b complete, the organic zinc salt is allowed to 
settle, filtered on lo a filter crucible, washed 
thoroughly with hot water, dried at 125°, and 
weighed as Zn(Cj8H|0,N),,H,0, which con- 
tains 15 29% zinc. Manganese, magnesium, the 
alkaline earth metals, or phosphate do not 
interfere, while in a slightly ammoniacal solution 
containing tartrate the precipitation of Fe*", 
AJ, Be, Tl, and U is prerentM (Bay and Bose, 
Z. anal. Chem. 1033, 95, 400 ; 1935, 100, 324). 

Cadmium, — From other metab of the hydro- 
gen sulphide group, cadmium may be separated 


with fair case. The arsenic group remains dis- 
solved on precipitating with sodium sutphide; 
lead is precipitated as sulphate, whereas bismuth 
is nsu^y separated as the basic chloride or 
nitrate. The solubility of cadmium sulphide in 
nitric acid forms the basis of a separation from 
mercury. 

The precipitation of cadmium as sulphide is 
best effected from sulphuric acid soludoii, a 
greater concentration of this acid being per- 
missible than IS the case with hydrochloric acid. 
This greater ocidity is useful in preventing the 
precipitation of zinc. Zinc ond other metals of 
(he ammoQiiim sulphide group, as well as 
chromiuni, aluminium, and magnesium, may be 
removed by precipitating cadmium with 

naphthoqumolme (f. Volumetric Asalysis, 
p. 654). 

Ihe determmation of cadmium in alloys of 
lead, antimony or bismuth can be made by 
dissolving the alloy (5 g.) in 50 rol of eitric acid 
solution (500 g. to tho litre) and 50 ml of 6.V- 
nitnc acid, the solution then being made 
distinctly ammoniacal. A saturated solution 
of potossiuro cyanide is treated with bromine 
water until the solution no longer gives a 
coloration with aqueous sodium mtronrusside 
and 10 ml of this reagent arc added to the above 
solution. liVben cold the solution Is treated 
with 10 g. of sodium hyposulphite and the 
oiiiture heated to CO" with stirring until the 
white precipitate has turned black. On cooling, 
It IS filtered with the aid of paper pulp, washm 
with a solution of 4 g ammomum chloride, 
2 g. hyposulphite, and 20 ml. of saturated 
potassium cyanide in 400 ml of water. The 
filtrate and washings are saturated with 
hydrogen sulphide, 20 c c. of d Jute ammonia 
(1 : 1) added, and hydrogen sulphide again 
passed m. The precipitated cadmium sulphide 
IS washed with ^ute ammonium nitrate, con 
verted to sulphate by warromg in a crucible 
with sulpbunc acid and mtnc acid, and ignited 
at a dull red heat (Evans, Analyst, 10^, 54, 
404). 

(bdmmm is never weighed as sulphide owing 
to the uncertainty of the coraposilion of the 
compounrf. Wiien ireo from confammattiig 
elements the metal may be directly converted to 
sulphate or, if precipitated as sulphide, it 
may be transformed to sulphate either by the 
method given above or by dissolving the pre 
cipitate m a little hot ddute hydrochloric acid, 
evaporating to dryness and treating with 
sulpfauricscid. 

The estimation of cadmium as molyMate is 
earned out as giv en under calcium, excepting that 
tho precipitation la made from faintly acetic acid 
solution. The precipitate is ripened by heating 
just below the boiling -point until it settles readily, 
after which it is left for 2 hours. The 
usual precautions must be observed to prevent 
tho precipitate adhering to the glass surfa^^. 
The molybdate, dried at 120% contains 41 27% 
Cd (W'lley, Ind. Eng. Chem. [Anal.], 1931, 3, 
14). 

Mercury, — Generally determined by vola- 
tilisation or precipitation of the metal, or 
volnmetrically ; separations ’from other metals 
arc consequently of secondary importance. 
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In the precipitation with hydrogen sulphide in 
acid solutions, it is not possible to effect complete 
separations from zinc or thallium, as these form 
mixed sulphides with mercuric sulphide. 
Similar mixed sulphides are also formed with 
copper, cadmium, and tin (Peigl, Z. anal. Chem. 
1924, 65, 37). 

Arsenic and antimony may be removed by 
digesting the sulphides with hot ammonium 
polysulphide (not alkaline sulphides). Tin is 
only partially removed and in its presence some 
of the mercury dissolves. 

A separation of silver and lead is effected by 
digesting the sulphides with a hot mixture of 
equal parts of 15% solutions of potassium 
sulphide and hydroxide. Mercuric sulphide 
dissolves and is filtered off, the residue being 
washed with water containing a little of the 
sulphide-hydroxide mixture. Treatment of the 
filtrate with 20% ammonium nitrate reprecipi- 
tates mercuric sulphide. Cadmium, zinc, or 
tin sulphide interferes. 

The insolubility of mercury sulphide in hot 
dilute nitric acid (d=l-2-l-3) permits the 
removal of the other members of this group. 
Chlorides must be absent. The residue is dis- 
solved in aqua regia and any lead sulphate is 
filtered off or the lead is separated as above. 

Mercury may also be separated from many 
metals by reduction to mercurous chloride or, 
better, to the metal. According to Willard and 
BoldyrefE (J. Amer. Chem. Soc. 1930, 52, 569) 
hydrazine hydrate and stannous chloride are 
the best reducing agents for the latter purpose, 
while for the reduction to the mercurous stage 
hypophosphorous acid in the presence of hydro- 
chloric acid and hydrogen peroxide may be used. 
Cattclain (J. Pharm. Chim. 1930, [viii], 11, 580). 

Mercurous mercury may be separated from a 
number of metals by precipitating with cupferaon 
from nitric acid solutions containing not more 
than 0-5N of free acid. 

A number of complex salts of copper and 
chromium have also been utilised to estimate 
mercury. G. Spacu and his collaborators pre- 
cipitate mercury as [Cu e^] [Hgl 4 ] or [Cu pn^] 
tHgl 4 ], where en and pn are cthylenediamine and 
ay-propylenediamine respectively. If the first 
complex is precipitated in the presence of 
ammonia and sodium potassium tartrate, then 
Cu, Bi, Pb, Sn-, Al, Fe‘", Mn, Zn, Ni, 
Co, the alkaline earths, and alkali metals do not 
interfere (Z. anal. Chem. 1933, 92, 247 ; 1932, 
89, 187). Mahr (ibid. 1930, 104, 241) pre- 
cipitates mercury as Hg[Cr(CNS) 4 (NH 3 )j] 2 , 
fron) hot O'l A-hydrochloric acid solution with 
freshly prepared Reinecke’s salt, 

NH4[Cr(CNS)4(NH3)2]. 

The precipitate may be dried at 105° or ignited 
to CtjOj. It is stated that copper, lead, 
bismuth, cadmium, arsenic, antimony, tin, and 
many other metals do not interfere. 

Estimation op Mercury. — ( a) As Svlphide. 
The precipitation may be carried out with 
hydrogen sulphide or better by the hydroxide- 
sulphide method given above. In this latter 
method the acid mercuric salt solution (not 
exceeding 0-1 g. Hg per 100 ml.) is nearly 
neutralised with sodium carbonate, treated 


with fresh ammonium sulphide in excess and 
then with 10% sodium hydroxide, stirring 
vigorously during the addition, until the mixture 
becomes pale in colour. It is now heated to boil- 
ing, more alkali added until the solution is clear, 
filtered if necessary and the precipitate washed 
with warm water containing a little sulphide 
and hydroxide. The mercuric sulphide is now 
reprecipitated by adding 25% ammonium 
nitrate in amount equal to the volume of sodium 
hydroxide used and the mixture, after boiling 
to expel ammonia, is filtered and washed 
successively with hydrogen sulpliide water, hot 
water, alcohol, carbon disulphide, alcohol, and 
ether. It is dried at 105° and weighed as HgS 
(Hillebrand and Lundell, op. cil., p. 174). 

(h) By V olatilisalion of the Alelal. — The estima- 
tion of mercury in ores or in small amounts 
generally is carried out by distillation with 
quicklime or magnesite in an inert gas ; copper 
strips or copper dust are often added to facilitate 
decomposition. Alternatively the ore may 
be heated with iron filings. If present in 
appreciable amounts, the distilled mercury is 
collected under water, washed, dried, and 
weighed. With small quantities the distillation 
is carried out in a porcelain crucible, having a 
close-fitting silver or gold lid which is cooled 
by a small water jacket placed on it. The 
mercury condenses on and amalgamates with 
the lid, which is weighed before and after the 
experiment. 

Copper or iron precipitates mercury from acid 
solutions, the mercury being deposited on the 
precipitating metal. The mercury is then dis- 
tilled from the amalgam as above. This 
method is eminently suitable for small quantities 
of mercury, while it may also be used for larger 
amounts if the procedure of Evans and Clarke 
(Analyst, 1926, 51, 224) is followed, in which the 
solution continuously percolates through a bed 
of copper filings in a small tube. 

Boron. — Boron is easily separated from all 
other elements by volatilisation as methyl 
borate, B(0CH3)3, when- alkali or alkaline 
earth borates are acidified and heated with 
absolute methanol. The resulting ester is 
estimated by a volumetric procedure (see Volu- 
metric Analysis, pp. 645, 653). When not 
required to be estimated boron may be removed 
by evaporating to dryness with hydrofluoric acid 
or with sulphuric and hydrofluoric acids until 
fumes of sulphuric acid are evolved. 

The methyl borate obtained as above may bo 
collected in a weighed quantity of lime, which 
forms calcium borate. On ignition, the gain 
in weight of the lime represents the amount of 
BjjOj in the sample. In this case the acidifica- 
tion of the alkali borate must be made with a 
little acetic acid (Gooch and Jones, Amer. J. Sci. 
1899, [iv], 7, 34 ; Moissan, Bull. Soc. Chim. 1894, 
[iii], 11. 955). 

Aluminium. — ^Removal of the metals of the 
first two analytical groups presents no 
difiSculties ; the aluminium group is usually 
precipitated by one of the following methods : 

(a) With Ammonia and Ammonium Chloride. 
The separation is best accomplished at a Pg 
of 6-5-7-5, that is, at the colour change of 
methyl red or rosolic acid. The amount of 
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acamoRiam chloride should sot be less than 3 g. 
per 100 ml. of Bolution, which should he boiled 
lor 2 minutes after precipitation. The preciptate 
is washed with 2% ammonium nitrate or 
chloride. Moderate amounts of manganese and 
nickel do not interfere if phosphates or vanadates 
■aieabsent.but completcscparation is not possible 
from zinc, cobalt, or copper. 

(6) Basic Aeetale Method. — ^The (preferably) 
hydrochloric acid solution is neutralised first of 
all with ammonia and finally aith ammonium 
carbonate, drop by drop, untJ a faint pennanent 
turbidity is obtained which is cleared with one 
or tao drops of hydrochloric acid. If much iron 
IS present the solution is dark red and the end 
oint not easy to determine. The solution u 
eated to boding and a shght excess of ammonium 
acetate (20%) is added The liquor is boded 
for about 3 minutes, filtered hot, and washed 
with hot water contaimng 1% of acetate. 

The, method gives no aatislactory separation 
from nickel, uhereas separation from zinc and 
manganeso u only complete around a pg of 
5 2 ; imfortunately at this acidity the pre* 
cipitate IS not easy to filter. 

(ej IfjlA freshly preetpifaled Baniim CartonaU. 
— ^The carbonate is shaken with the neatly neutral 
solution m a stoppered fiask for some hours, 
after which the precipitate is filtered and aaahed 
with cold water. After solution ut dilute 
hydrocblono acid, the aluminium u precipitated 
by method (a). Satisfactory separations from 
manganese, zme, and ferrous iron are thus 
obtained, and also from nickel and cobalt ^ 
Tidmg that a little ammonium chloride is added. 

The metals of the ammonium sulphide group 
may be removed by precipitating aluminium 
with hexamethylenetetramme shgbtly acidified 
with sulphuric acid (K6zu, J. Chem. Soe. Japan, 
1935, 56, 22 , Rfiy and Chattopadbya, Z. anore. 
Chem. 1928, 169, 99). 

Long digestion with “ infusible white pre> 
cipitatc,” N H}HgCI, gives a separation of iron 
and nickel m the presence of chlorides, while 
with “ fusible white precipitate,” HgCI|,2NH, 
magnesium, calcium, and manganese may be 
separated from acid sulphate solutions (Solaja 
and others, Arh. Henuju, 1930, 4, 136). 

^Separation of Aluminium from Group 3 
MelaU. — Iron, titanium, zirconium, the rare 
earths, and manganese give hydroxides insoluble 
in excess sodium hydroxide and may be thus 
easily removed. Magnesium and lude] carry 
down alumimum and must be absent, white 
titanium if present in large amounts js incom* 
pletely precipitated. 

Iron may m separated &om alumimum (a) by 
extracting the ferric chloride with ether from 
6f/-hydtochlorio acid, (6) by precipitation with 
ammonium sulpltidc in amtnoniacal tartrate 
solutions, (c) by boiling with sodium thio- 
sulphate when A1(OH), is precipitated, (d) by 
precipitation with cupferron m strong acid 
solntions. The last method ensures the re- 
moval of V, Zr, Ti, Sn, Nb, and Ta; alumimum 
is only precipitate if the acidity is less than 
deciuormal. 

An excellent separation from Fe, Zn, Cu, Kg, 
Bi, Ga, and probably many other metals is by 
precipitation of aluminium as AfC(},6HgO, 


but alkab* salts must be absent. The hydro- 
chloric acid solution is evaporated to the 
smailest Volume which will keep the salts m 
solution, cooled, and diluted to 12-25 ml with 
hydrochloric acid. Saturation of the solutioii 
with hydrogen chlonde at a temperature not 
above 15“ is followed by the addition of an 
equal volume of ether and a further treatment 
with hydrogen chlonde. The precipitate u 
filtered through a Gooch, Munroe, or sintered, 
glass crucible, washed with HCI-fether (1 ; 1). 
saturated with hydrogen chlonde at 15°, and 
either dissolved in water and precipitated with 
ammonia or igmted to AljOj by heating at 
1,200“ under e layer of pure mercuric oxide. 

Chromium is easily separated from alummiuni 
by oxidation to chromate with sodium hydroxide 
and peroxide or ammonium persulphate and s 
trace of silver nitrate. The aluminium is then 
precipitated as hydroxide. 

8-Hydroxyquinoline separates aluminium from 
many metals under suitable conditions (lee 
VotvMBTSic Analysis, p 650). 

Estimation of Aluminium. — (o) As Oxide. 
Aluminium is precipitated with ammonia and 
ammonium chloride as indicated above; the 
hydroxide is filtered, washed, dried, and igmted 
finally in a blow-pipe flame. 

As indicated above, the aluminium may he 
precipitated by sodium thiosulphate or hexa- 
metbyienetetramine. 

Aluminium may also be precipitated as baiio 
carbonate from shgbtly acid solutions by meani 
of hydrarioe carbonate containing free hydra- 
zme. After precipitation in the cold the mix- 
ture 18 heated on a steam bath for one hour, 
filtered, washed with warm water or neutral 
ammonium nitrate solution according as alkaL 
salts are absent or not and ignited to oxide 
(Jilek and Lukas. Coll. Czech. Chem. Comm 
1930, 2, 63). 

Gallium. — ^Likealuminiuniandunbkeindjus), 

f album hydroxide is soluble in sodium 
ydroxide, but separations by this method from 
indium, iron, titanium, etc., are not clean. 
E. H. Swift (J. Amer. Chem. Soc 1924, 46. 
2377) states that the separation from iron is 
complete in one operation if the concentration of 
hydroxide in the solution is 0 3A’-, although the 
authoia (unpublished work) do not find this to be 
the cose if the amounv of iron is considerable. 

Gallium is advantageously separated from 
many metals such as Pb, Cd, Co, Ni, etc., by 
precipitation from hot solutions with weak 
alkalis such as cupric or cuprous oxide, anihne, 
etc. 

Interesting separations of gallium from many 
metals have been worked out by Moser and 
Brukl (Monatsh. 1028, 50. 181 ; 1929, 61, 325} 
and by Ato (Sei. Papers Inst. Phys. Chem. Res 
Tokyo, 1930-1936) 

hloser and Brukl remove gallium from zinc, 
nickel, cobalt, manganese, cadmium, beryllium, 
and thalbum by treating the feebly acid solution 
with ammomura acetate, ammonium nitrate (2^o 
solution), boding, and precipitating with tanmn 
(10% solution). The resulting mixture must 
contain ten times as much tannin as galhum 
with a minimum of 0 5 g. The filtered pre- 
cipitate is washed with 1% ammonium ndrste 
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containing a little acetic acid, dried, and ignited 
to 08203. 

Gallium may be precipitated with cupferron 
(0% solution) from 2iV- (Moser and Brukl, l.c.) 
or O'CiV- (Scherrer, J. Res. Nat. Bur. Stand., 
193.5, 15, 585) sulphuric acid. The precipitate is 
washed with cold dilute sulphuric acid (1-0-5A'-) 
and ignited to GajOj. This method separates 
from Al, Cr, In, U, and Ce, but not from Sn, 
Cu, V, Ti, or Zr. 

Iron may be removed by precipitating with 
a-nitroso-^-naphthol (2% in 50% acetic acid) 
from an acetate-buffered solution (Papish and 
Hoag, J. Amer. Chem. Soc. 1928, 50, 2118) 
or by reducing to ferrous chloride and extracting 
the gallium trichloride with ether from 6N- 
hydrochlorio acid solution.. The trace of iron 
which always enters the ether is removed with 
0-3iV-sodium hydroxide as above (Swift, l.c.). 

The methods adopted by Ato depend on the 
precipitation of gallium with camphoric acid or 
sodium camphorate (r. infra). Indium, 
thallium, iron, beryllium, titanium, zirconium 
and thorium interfere, as does aluminium in 
moderate amounts. Indium m.ay be removed by 
precipitating with 5% sodium carbonate ; the 
other metals may be separated b^' extracting 
gallium chloride with ether. 

Estimation of Gallium. — (a) With 

Ammonia. Gallium hydroxide precipitated with 
ammonia alone is difficult to filter, but the 
presence of sulphur dioxide overcomes this 
trouble (Dennis and Bridgman, J. Amer. Chem. 
Soc. 1918, 40, 1552). 

To the gallium solution (OT g. in 100-200 ml.), 
which is preferably acid with sulphuric acid, is 
added ammonia until faintly alkaline, followed 
by 5 ml. of 10% ammonium bisulphite solution. 
Dilute sulphuric acid is added until the solution 
is just acid to litmus, the solution boiled 
vigorously for 5 minutes, and the gallium 
hydroxide filtered after settling. Washing 
may be done with hot water or with water 
containing a little neutral ammonium nitrate. 
The precipitate is ignited finally at a tempera- 
ture not less than 900°. 

(b) With Camphoric Acid . — The gallium 
solution (nitrate or chloride) is evaporated to 
dryness and the residue dissolved in 10 ml. of 
C.Y-acetic acid, after which 80 ml. of water and 
20 ml. of 10% ammonium nitrate are added. 
The mixture is placed in a boiling water bath, 
2 g. of camphoric acid added and tiie heating 
continued for 10 minutes. After cooling the 
liquor is decanted and the precipitate washed by 
decantation with a solution made from 80 ml. of 
water, 5 ml. of CN-acetic acid, and 20 ml. 
of the ammonium nitrate. The precipitate is 
transferred to the filter, dried, and heated 
gently in a porcelain crucible with a flame 
apph'ed to the upper surface of the residue which 
melts and begins to burn. When combustion 
is complete, the filter paper is added and 
destroyed at moderate temperatures. After 
ignition the precipitate is weighed as GajOj. 

Indium. — Resembling aluminium and gallium 
m many respects, indium is, nevertheless, pre- 
cipitated by hydrogen sulphide in hydrocliloric 
acid solutions up to 0'05iV-, and partly or wholly 
precipitated in stronger acid solutions if other 
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precipitable metals are present. It may' also be 
precipitated from ammonium sulphide-tartrate 
solutions and so separated from Al, Zr, Ti, etc. 

Indium may be separated from many elements 
by precipitation of the metal from its salts by 
boiling with zinc, whereas barium carbonate 
precipitation may be used to remove fourth 
group metals. 

Ammonia and ammonium chloride quantita- 
tively deposit the trihy'droxide InfOHjg from 
hot solutions, as also does potassium cyanato. 
Use of the latter reagent in the presence of 
ammonium chloride enables indium to be 
separated from zinc and nickel although re- 
precipitation is necessary if the ratio of the 
contaminating metal to the indium is greater 
! than 10. Cobalt may be removed by treating 
the neutral solution with enough potassium 
cyanide to dissolve the precipitate first formed 
and then boiling with a little 10% potassium 
cyanate, when ln(OH)3is precipitated. Man- 
ganese is separated by passing bydrogen 
sulphide into boiling acetic acid-ammonium 
acetate solution, while if sulphosalicylic acid 
and ammonium carbonate are present then 
aluminium also does not interfere with the 
deposition of indium sulphide (Moser and 
Siegmann, Monatsh. 1030, 55, 14). 

Although indium hydroxide is insoluble in 
alkali hydroxides, while gallium hydroxide is 
soluble, this property docs not supply an entirely 
satisfactory method of separating the two, even 
on repetition. 

Estimation of Indium. — ( a) As Hydroxide. 
To the faintly acid solution are added a few 
drops of methyl orange and then 10% potassium 
cyanate solution until the colour becomes 
yellow. The solution is heated to boiling and 
the hydroxide filtered through paper and washed 
with hot water. Whether this method is used 
or precipitation with ammonia and ammonium 
chloride, it is necessary to wash the precipitate 
free from chlorides. The hydroxide is dried, 
ignited at red heat, and weighed ns (n203. 

Thallium. — Thallium forms well-defined 
mono- and trivalent salts. In the former state 
it resembles the alkali metals on the one hand and 
lead on the other, while in the tervalent state it is 
related to indium and the heavy metals. 

Although not precipitated by hydrogen 
sulphide in strong acid media, it is curried down 
by other metals of this group ; thallium is only 
completely precipitated by hydrogen sulphide in 
acetic acid or ammoniacal solutions, but the 
resulting thallous sulphide is easily oxidised by 
air and so filtrations must be rapid and washings 
done only with, dilute colourless ammonium 
sulphide. 

Thallium may be separated from the majority 
of the metals by extracting thallic bromide in 
' A^-hydrobromic acid with ether. Gold is also 
extracted, but is separated by heating the 
ethereal solution with hot water and adding 
successively 2 ml. of 10% hydrazine hydro- 
I chloride, 2 ml. of 10% potassium cyanide, 2 ml. 

! of 2A’-potassium hydroxide, and 1 ml. of 5% 
K1 for each 100 mg. of gold and thallium. 
The latter is precipitated as iodide (Wada and 
Ishii, Sci. Papers Inst. Phys. CTiera. Res. Tokjm, 
1934, 24, 135). A separation from second 
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grxjup metaU excepting cadmium ia achieredi 
by precipitating thallium t\ith ammonium' 
Bulphide in the presence of cyanides. I 

Lead and manganese are removed by pre- ! 
opitating them sritb diammotuum bjdro^n 
phosphate in an ammomacal solution contammg I 
sulphosalicylic acid, while preciptation of I 
thallium, in the filtrate, as chromate removes 
iron, aluminium, and chromium. If excess of 
ammonia is present then potassium chromate 
does not precipitate Se, Cd, Ni, Zn, Co, Mo, 
or W, wlule cyanide prevents the deposition of 
Ag, Hg. and Cu (Jfoscr and BruJJ, Monatsh. 
19.10,47. 709). 

Ammonium mtnte-methyl alcohol hjdrolyais 
(see Beryllium) removes those metals which are 
precipitated by this process, although special 
conditions are necessary for thorium, zirconium, 
and titanium. 

Vanadium is separated from thaOium by 
tlissolving the precipitate of thallous metavana 
date in the least quantity of strong tartanc acid 
solution at 40^, adding ammonia until the colour 
becomes blue or is discharged (depending on the 
amount of s anadium), and precipitating tbalbum 
as chromate (Moser and lleif, Monatsh 1920, 
62. 343). 

EsTMUTioy or TtiAiuiii — (a) As ChntnaU 
The ammomacal thallous solution (thallic salts 
are reduced with SO|l is heated to h0*-100° 
and tre.ated w ith i g of solid pot.-vsiium chromate 
for everj' lOO ml (containing about 0 I g Tl). 
After settling for at least tJ hours, the pre 
cipitate IS filtered through & Gooch or sintered 
glass crucible, washed with i% potassium 
chromate, then with alcohol, and dried at 
1^0* (percentage Tl = 77 U) 

|h) As i'obalfmilriie — The reagent is made by 
mixing equal volumes of g of cobalt 

nitrate and 50 ml of 30% formic acid m 500 ml 
water, and (5) IbO g of s^ium mtnte in 500 ml 
water. It is added at a temperature of 30°-40* 
to the thallous solution aUo at this temperature 
The sc.arict precipitate is filtered, washed with 
water, and dried at IdO'’. TljCo(NOj), con 
tarns 04 07% Tl (Xiaihuku, J Soc Chera. 
Ind Ja^jan, 1934. 37. IbOB). 

The estimation of thalhum as thallous iodide, 
while giving good separations from all rretals 
having soluble iodides, is not strictly quaiitiiaiive 
and, morcoier, filtration is sloir 

Scandium. — Scandium accompanies the rare 
earths in analysis, and like them can be separated 
from other members of the third analytical 
group by precipitation as oxalate witb oxalic 
acid Of as fluoride with hjdrogen fluoride. 
Together w ith thorium it may be separated from 
the rare earths by boiling with sodium thio- 
sulphate {ste Thonum). Tboriuni may be 
removed by prccipitatmg it as lodatc id etrong 
Ditnc acid or as fluoride in the presence of 
much ammonium fluoride, m which medium 
scandium fluoride Is soluble. 

Scandium is estimated as Sc,Oj, after pre- 
cipitation as oxalate or with ammomum 
hydroxide (see Aluminium). 

Rare Earths. — These metals are too nearly 
related to i>ennit of separations which have a 
quantitative value, for fractional metbods alone 
can be applied. As a group they are separated 


from other metals either as oxalates or fiuondes 
or bj' the insolubility of their double sulphates 
with alkali sulphates. 

Cenum may be separated and estimated fairly 
readily by virtue of its conversion into the 
quadrivalent state in which its salts are easily 
hydrolysed. The insolubility of ceric iodate I’n 
nitnc acid also affords a'separation, but not from 
thonum. Tenalent ccnum, however, gives no 
msoluble iodate. 

Cenum may be estimated volunietrically in 
the presence of roost of the rare earths and of 
thonum. It may also be determined asCCtO, 
after precipitation as oxalate or with amtnoma. 
Furthermore, eerous salts with potassium frrro- 
cyanide give at room temperature a precipitate 
ofCeKIFe{CN),],4HjO, which may be Weighed 
as such or heated st 100“ to the trihydratc 
(P. Spacu, Z anal Chem, 1936, 104, 26). 

Carbon. — Carbon, whether m organic 
material, in rocks, or in iron and steel, is nearly 
always estimated by oxidation to carbon dioxide 
by methods gn en under oig^anic snaly sis (p. 615). 

Carbonates. — Rapidandrooderatelynecurate 
determinations may be made by a loss in weight 
method The carbonate is weighed into a 
Schrotter flask which is fitted with a stopjiered 
dropping funnel containing acid to decoupose 
the carbonate, and an exit tube containing 
strong sulphuric ncid to dry the escaping gas 
The apparatus u weighed with the acids, etc, 
after the carbonate has been introduced. The 
acid IS now run in drop by drop to decompose 
the carbonate and the liquid then healed 
gently to boding while a stream of CO|free 
dry air is aspirated through ic to expel dissoiied 
carbon dioxide The apparatus is cooled and 
weighed, the loss in weight giving the amount 
of carbon dioxide in the carbonate 

Jlorc accurate results are obtained by absorb 
ing the c.-irbon dioxide, after drying, m soda 
hme or potash and finding the increase m 
weight of the absorbent The acid uswl for 
decomposing the carbonate may be hy drocblonc, 
sulphuric, perchloric, or, preferably, pho'plionc 
acid. 

If sulphides are present then the hydrogen 
8ulpfa.de also formed is absorbed either in boding 
copper acetate solution acidified with acetic 
acid or by pow dered copper. The latter reagent 
w preferred when the ratio of sulphide fe 
carbonate is great. Hydrochloric acid resulting 
from the presence of chlondes is efficiently 
removed by p nitrosoilimethylamline (Vernon 
ami ^Yhltbv, J S C.I. 1928, 47. 235T ; Jacobson 
and Haugbt, lad. Eng. Chem. fAnabJ, 1930,2, 
334 ; Reich-Rohrwig. Z. Anal. Chem. 1933. 85. 
315). 

Silicon, — Gravimetrically silicon is neartf 
always estimated as silica. For this purpose the 
siLcate is decomposed, occasionally by acios, 
generally by fusion mixtures, and the resulting 
solution evaporated to dryness with hymo- 
chlonc orperchlonc acid. The logolubJesdnaP 
weighed and, as it is generally impure, it u 
volatilised with hydrofluoric acid and sulphunc 
add and the residue determined. _ 

Boron is earned down with sihca and as it aiw 
volatilises with hydrofluoric acid it roust lint w 
j remov ed as methy 1 borate («« Boron). Tungsten, 
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niobium, and tantalum also accompany 
silica, as also may zirconium or titanium, but 
none of these is volatiUsed, although with the 
first-named the final ignition temperature must 
not exceed 850° (Schoeller and Pou-ell, Analyst, 
1928, 63, 258). 

Tin may bo separated by dehydrating the 
silica with perchloric acid, as also may lead, 
although any lead sulphate can be removed with 
ammonium acetate. 

Fluorine interferes in the estimation of silica 
due to the formation of volatile silicon fluoride. 
Losses are inappreciable if the amount of 
fluorine present is less than 0-3% or if the 
platinum basin has a good cover and there is an 
aqueous atmosphere inside during evaporation. 
The effect of fluorine is minimised by using 
boric acid or borax in the flux, although this 
necessitates the subsequent removal of boron. 

With large amounts of fluorine the Berzelius 
method ns modified by Hoffman and Lundell 
(Bur. Stand. J. Res. 1929, 3, 581) must be used. 

In this procedure the powdered sapiifle (0-5 g.) 
is fused at dull red heat with equal parts of 
sodium and potassium carbonates and the melt 
extracted with hot whter. The insoluble 
material is boiled with 2% sodium carbonate 
and tlic residue retained as part of the silica 
present. The filtrates are treated with zinc 
nitrate from 1 g. of zinc oxide, boiled, and filtered 
from a second silioious residue. Neutralisation 
of the now filtrate with nitric acid (methyl red as 
indicator) is followed by evaporation to 200 ml. 
and the addition of more nitric acid until the 
solution turns pink. To this is added a reagent 
made by dissolving 1 g. of zinc oxide, 2 g. 
ammonium carbonate in 20 ml. of water con- 
taining 2 ml. of concentrated ammonia. The 
mixture is boiled until ammonia is no longer 
evolved, concentrated to about 50 ml., and diluted 
with an equal volume of water. The third 
silicious residue is filtered off, combined with the 
two previous ones, evaporated to dryness witli 
hydrochloric acid, washed with water con- 
taining the same acid (20:1), ignited, and 
weighed. 

Small quantities of silica may bo estimated by 
combining silica (1 mol), in dilute acid solution 
with molybdenum trioxide (12 mols.) and adding 
pyramidone (3 mols.). The insoluble pyra- 
midono silicomolybdate yields a weighable pre- 
cipitate from very small amounts of silica 
(King and Watson, Mikrochem. 1936, 20, 49). 

Germanium. — ^The separation of germanium 
from other metals is easily carried out by boiling 
with GA'-hydrochloric acid when the volatile 
germanium tetraehloride distils and may be 
collected. With a good fractionating column 
and a current of chlorine, arsenic and antimony, 
which also form volatile chlorides, may be 
kept back. If large quantities of arsenic, 
sulphur, selenium, or tellurium are present, 
then a second or even third fractionation may be 
necessary to remove them completely. The 
germanium is recovered from the hydrochloric 
acid distillate by means of hydrogen sulphide 
which quantitatively precipitates white ger- 
manium sulphide in 6A-acid. 

Like arsenic, germanium may be estimated by 
electrolytic reduction in alkahne solution, using 
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nickel electrodes, and decomposition of the 
resulting germanium hydrides by heat. The 
mirror of germanium so formed is compared 
with standards. Arsenic does not interfere if 
in the quinquevalent condition. The solution 
may also be reduced with sodium amalgam 
(Coase, Analyst, 1934, 59, 4G2, 747). 

Small quantities of germanium may be deter- 
mined by converting ammonium germanate to 
ammonium germanomolybdate and precipitating 
the insoluble pyridine salt 

{Py4H,[Ge(Mo20,)J). 

Estimation or Germanium.— (o) As GeOg. — 
The germanium is obtained as sulphide, washed 
well with 6A'-sulphuric acid saturated with 
hydrogen sulphide until free from chlorides, 
and dissolved in the least quantity of lOA- 
ammonium hydroxide. The solution is collected 
in a platinum dish and treated ivith hydrogen 
peroxide (3%) until oxidation is complete. After 
evaporation to dryness the residue is moistened 
with sulphuric acid, gently heated to remove 
ammonium sulphate and sulphuric acid, and 
finally ignited at 900°. The ammonium 
hydroxide should be made from freshly distilled 
ammonia and the ammoniacal solution should 
not come into contact with glass, otherwise 
high results arc obtained (Johnson and Dennis, 
J. Amer. Chem. Soc. 1925, 47, 790). 

(6) Magnesium Orthogermanate . — The ger- 
manium is obtained in solution as ammonium 
germanate by the method previously given. 
Excess of hydrogen peroxide is removed 
by boiling and the cold solution is made sh’ghtly 
acid with sulphuric acid and diluted to 70- 
100 ml. depending on the amount of germanium 
present. To this solution is added 20-25 ml. 
of 2A-ammonium sulphate, 15-25 ml. of N- 
magnesium sulphate, and 15-20 ml. of strong 
ammonia. After boiling for 2-3 minutes, the 
mixture is left overnight, the precipitate is 
filtered, washed with not more than 50 ml. of 
dilute ammonia (1:9), dried, and ignited. 
It is weighed as Mg 2 Ge 04 . 

Tin. — ^The sulphides of the copper group 
(except mercury) may be separated from tin by 
precipitating them with sodium sulphide. 
The removal of mercury may be performed by 
means of ammonium sulphide, or by dissolving 
the tin sulphide in strong hydrochloric acid ; 
this latter method also serves to remove pentadic 
arsenic. Arsenic and antimony are best removed 
by precipitating them as sulphides in the presence 
of oxalic or hydrofluoric acid. Antimony is also 
precipitated as sulphide in 16’5% ammonium 
chloride which is l-5xV- with regard to hydro- 
chloric acid (Luff, Chem. Ztg. 1921, 45, 229, 249, 
254, 274). 

Unlike antimony, tin can be separated from 
'lead by precipitating the latter as sulphate. 
Lead, together with copper, zinc, antimony, 
nickel, cobalt, iron and bismuth, is removed 
hy _ using phenylarsonic acid, which only pre- 
cipitates tin; zirconium and thorium arc also 
precipitated. 

In the dehydration of the silica it is best to 
use sulphuric or perchloric acid ; nitric acid 
causes co-precipitation of tin, as the insoluble 
metastannic acid. 
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Tin in.u 1*0 pc|vinitcd from fourth group 
mctah by jircciiiitation I'ith ammonijv in the 
prc«cncc of ammonmm paltn, while cupferroQ 
may al'O be used for this purpose ; the latter 
method aL-o reniorcs aluminium, and ehronuum 

Estisution of Tis. — (<j) Aa SnOj — ^The 
solution, containing stannic tin.ii treated with 
ammonia and ammonium chloride as described 
under aluiiiinium and the precipitate is washed 
with hot ll^o ammonium nitrate until chlorides 
are thoroughl.v rimo\c<l The dried preiipitate 
is carefully hinted until the paper la charrcil 
and finall> at lilOOMiiOO’, preferably in a 
Tnufllc furnace; it is weighed as SnOj 
Ammomum nitrate may be used instead of 
chlonde in the precipitation. 

Tin in non ferrous alloys may be converted to 
dioyide by heating with dilute mine and (1 5- 
2.V.) for 2-3 hours at OO’-lOO'' The pre- 
cipitate is washed with hot water containmg' 
n Lttle iiitrje acid and ignited as described abo\ e 
Many elements may, however, contaminate the 
precipitate. Tm may also be precipitated as the 
sulphide, which is washed with ammonium 
nitrate and ignited to oxide , ammonium 
carbonate facilitates the oxidation. 

(i) M'ltA ( upftrron — Metals like copper, lead, 
tcrvalent aracnic, and antimony are first remoicd 
by precipitating as sulphides in the presence of 
hydrofluoric acid, and the filtrate (containing 
0 I g. of Si per 200 ml ) is boded untd free 
from hjdrocen sulphide Cone acid (4 g.}, 
concentrated sulphuric acid (3 ml > and hydro 
chloric acid (5 ml) arc added, followed, while 
stiTTUig, by excess of cold aqueous 10% cup 
ferron. Stirring is continued for about 40 
minutes or until the precipitate becomes com 
pact, it IS filtered through a fine paper, washed 
with cold wafer, dried, and ignited as previously 
described to SnO. (Kling and Lassieur, Compt. 
rend 1930, 170, 1112; Furman, Ind. Eng 
Chem. 1933, 15, 1071) 

(e) Il'ifA nenylartintc Actd. — From a hot 
2'3-5% (by volume) hydrochloric acid or not 
iiioro than 7 5% sulphuric acid solution (150- 
200 ml ) contaimng 0 1-0 3 g of tin, the metal 
is precipitated by .adding 35 ml. of saturated 
aqueous phcnylarsonic acid solution. After 
several hours the precipitate is filtered (with 
the aid of paper pulp if necessary), washed w ith 
4% ammomum nitrate, and ignited to SnO^. 
Good separation is obtainerl from copper, zme, 
lead, antimony, nickel, and r.xdmtum. With 
iron reprecipitation is necessary, whereas in the 
case of bismuth the maximum allowable con- 
centration of hj drochlonc acid is used to prevent 
hydrolysis (Knapper, Craig, and Chandler, J. 
Amer. Chem Soe, 1033, 55, 3945). 

Lead. — The precipitation of le.ad as sulphide 
from dilute acid solution separates it from the 
metals of later groups with the possible exception 
of nickel. For complete precipitation the 
solution should not be more than 1 4A- with 
regard to hydroehlorie acid or 0 3.V- to nitne 
acid. The arsenic group is removed by pre- 
ciphatmg with alkali sulphide. 

The insolubility of lead sulphate also provides 
pood sep.irations It is necessary to evaporate 
the solution until fumes of sulphunc appear and 
at least twice if hydrochloric or nitne acid is 


present. Eibca, tungsten, niobium, tantalum 
and the alkaline earth metals interfere, as may 
also bismuth, antimony, or silv er. Sihca can be 
removed by dissolving the lead sulphate m 
ammonium acetate or better by treatmentwitli 
hydrofluoric and sulphuric acids. 

Tungsten, niobium and tantalum are 
separated by precipitating lead sulphide from 
acid or nlkahne solutions containing tartrate. 

I’recipitalion as bismutbyl salts effects the 
remov al of bismuth or, alternatively , the lead is 
precipitated as chromate in acetic acid-acctate 
solution. If ammonium dichromate in nitne 
aad solution is u'led. then silver, copper, 
cadmium, zinc, nickd, manganese, feme, 
aluminium, calcium, strontium or barium ions 
arc not precipitated (Karaoglanov and Michov, 
2. anal. Chem 1935, 103, 113). 

A sep.vration from silver, mercury, cobalt and 
nickel Is obtained when lead is precipitated as 
carbonate from dilute pyTidino so]uUon (tte 
Mow). 

Estimates of Lead. — {a) As SulpMe — 
The solution is treated with enough sulphuric 
acid to provide a fair excess and evaporated 
down until It fumes After cooling, the sides 
of the vessel are washed down and the evapora- 
tion repeated. Water is now added and, after 
one hour, the precipitate is filtered through s 
Gooch crucible, washed with dilute sulphunc 
acid (3^i by volume), and dried by besting 
slowly to 500^ If admissible, (be dilution of the 
evaporated solution may be made with aqueous 
alcohol, as lead sulphate is somewhat soluble u 
dilute acid 

(6) As 2Io}ybdate . — The neutral lead solution 
contaimng about D 5 g. lead la 200 ml is treated 
with S drops of nitric acid, and to the boiling 
solution is added, drop by drop, a slight ezeeM 
of 2 5% ammonium molybdate. After filing 
for one minute dilute ammonium hydroxide 
(1:2) IS added until the liquid u'neutrsl. 
followed by a few drops of acetic acid. After s 
few minutes the supernatant hquor is decanted 
through a Gooch crucible or paper, the pre- 
apitate washed with hot 2% ammoniuca nitrate 
first by decantation and finally after trans- 
ferring the precipitate to the paper or crucible. 
The lead raoly bdatc is dned and ignited at a dull 
red beat (^t'eiser, J. Phys. Chem. 1916, 20, 
659). 

(c) As Catbonalt — The neutral solution 
containing not more than 0 2 g. of metal in 80 
ml IS treated with 5 ml. of alcohol and 13 mb of 
10% aqueous pyridine, after which carbon 
dioxide IS passed in for 45 mmiitcs. The 
mixture is allowed to stand for 3 hours, carbon 
dioxide again passed for fl minute*, the pre- 
cipitate filtered and washed with water con- 
taming 4% alcohol and 0 4% pyridine which is 
saturated with carbon dioxide. The pre- 
cipitate may be dned at 130® and weighed as 
PbCOj, or preferably Ignited to PbOfJflekand 
Kola. Coil. Crech. Chem. Comm. 1033. 5. 306; 
1934. 6, 101 ; Chem. Listy. 1933. 29. 299). 

Titanium. — Precipitation with hydrogen sul 
phide in acid solutions containing tartanc sew! 
serves to separate the copper and arsenic group*, 
while, if the filtrate is renderexl ammoniscsl, 
hydrogen sulphide again passed and about 
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5 ml. of neutral ammonium sulphite added, then I 
iron, cobalt, nickel, zinc and manganese | 
(partially) aref removed. Cupferron cpiantita- ! 
tively precipitates titanium in dihitc sulphuric 
acid solution, while aluminium, ehromiinn, 
phosphorus, nickel, manganese and uranyl 
salts are not precipitated. 

Molybdenum, vanadium, phosphorus, alumin- 
ium and beryllium are conveniently removcrl by 
precipitating titanium with sodium hydroxide. 
Beryllium may also be remo\-ed bj' boiling an 
almost neutral solution with p-chloroaniline, 
when only titania is deposited (Dixon, Analy.st, 
1929, 54, 2C8). 

The separation of zirconium and titanium is 
best accomplished by the method of Powell and 
Schoeller (Analyst, 1930, 55, GOo). The mixed 
oxides obtained by hydrolysis of the neutral 
chlorides with sodium thiosulphate (which 
removes iron) are fused with ten times their 
weight of potassium bisulpbate and the mass 
dissolved in 50 ml. of boiling water containing 
2-3 g. ammonium oxalate. The solution is 
neutralised to a faint turbidity with ammonia, 
one drop of dilute hydrochloric acid added and 
the solution diluted to 200-250 ml. with 15% 
ammonium chloride solution. A 10% tannin 
solution is added drop by drop to the boiling 
solution in amount sufficient to provide twelve 
times as much tannin as there is titanium 
present, the solution being vigorously stirred. 
The precipitate is collected on a filter paper bj' 
gentle suction (a cone being used), washed with 
hot 12% ammonium chloride, and ignited to 
titania. 

Zirconium (with hafnium), aluminium or tho- 
rium is recovered from the filtrate by rendering it 
weakly ammoniacal, and boiling with excess of 
tannin. The resulting precipitate is treated as 
for titanium,' but it needs purification by fusion 
with' bisulphate and precipitation with thio- 
sulphate. 

Precipitation of titania with guanidine c arbon- 
ate in tartrate solution removes aluminium, 
chromate, tungstate, molybdate, uranyl, ar.senite 
or thallous ions (Jilek and Kofa, Coll. Czech. 
Chem. Comm. 1932, 4, 412). 

Separations from niobium and tantalum arc 
given under these metals. 

Estimation op Titanio.m. — (n) With Sehnioiis 
Acid . — ^Thc cold solution in dilute hydrochloric 
acid is treated with enough ammonia to reduce 
the acid below iV jo in strength and 5% aqueous 
selenious acid is added with stirring until the 
precipitate coagulates. After settling for a few 
hours the precipitate is filtered with the aid of 
paper pulp, washed with cold water, dried, and 
earefully ignited to remove selenium ; it is 
weighed ns TiOj (Berg and Teitelbanm, Z. 
nnorg. Chem. 1930, 189, 101). Beryllium, 
magnesium, aluminium, manganese, nickel, 
cobalt and the alkaline earths do not interfei'c. 
TiOo contains G9'95% Ti. 

(5) IPif/t Tannin and Anlipyrinc . — A solution 
containing not more than 0-1 g. of titania as 
sulphate is treated with ammonia until the odour 
persists and the resulting turbidity is cleared 
with 10 ml. of strong sulphuric acid ; 40 ml. of 
^9% aqueous tannin are added and the .solution 
diluted to 400 ml. To the cooled solution is 


added 20% antipyrino solution with stirring 
until the titanium is deposited as a flocoulent 
orange-red precipitate. Btirring is discontinued, 
but antipyrine is still added until only a white 
caseous prcciiutate and no more orange-red 
precipitate is formed. The mixture is boiled, 
the flame removed, 40 g. of ammonium sulphate 
added, and the liquid cooled with occasional 
stirring. The preeijiitate is filtered through a 
paper fitted with a cone and under alight suction. 
The washing fluid consists of 100 ml. of water, 
5 g. of strong sulphuric acid, 10 g. of ammonium 
sulphate, and 1 g. of antipyrine. After drjdng 
at 105“ the precipitate is carefully ignited 
and weighed as TiOj. Should the original 
solution have contained alkali metals, the 
ignited oxide must be washed with hot water, 
filtered, and re-ignited. 

This method is very useful for estimating 
small amounts of titanium and also provides a 
so|jaration from Fe, Al, Cr, Mn, Ni, Co and 
Zn. Phosphates and silicates do not interfere 
(Moser, Neumayer, and M'intcr, Monatsh. 1930, 
55, 85). 

Zirconium (with hafnium). — These two 
metals are so closely allied that the separation 
of the one from the other is only possible bj' 
tedious methods of fractionation. The separa- 
tion of one of them froih other metals will also 
involve the removal of the other. 

In the main, zirconium resembles titaniuin, 
and methods which serve to separate the latter 
from contaminating metals will serve for tho 
former also. In addition, zirconium may be 
precipitated as phosphate from solutions con- 
taining 10% by volume of sulphuric or hydro- 
chloric acid. This procedure removes a number 
of elements, while if hydrogen peroxide is also 
added titanium docs not interfere. 

Separations from titanium, niobium or 
tantalum arc listed under these metals. Titanium 
may also be separated by precipitating zirconium 
ns iodate in 0-3. V -sulphuric acid containing 
hydrogen peroxide (Beans and !Mossman, J. 
Amcr. Chem. Soc. 1932, 54, 1905), 

Cupferron quantitatively precipitates zir- 
conium from cold (,5“) -sulphuric acid solution 
(10% by volume). The jirecipitatc after wash- 
ing with dilute hydrochloric acid (1 : 10) is 
carefully ignited to ZrO^. -4 rapid sci)aration 
from Al, Cr, UO.,", and small amounts of 
phosphorus is thus possible. 

Estimation of Ziiiconidm. — (a) ^Is P/ios- 
pJiale . — ^To an approximately 10°„ (by volume) 
sulphuric acid solution containing 0-1 g. 
Zr(SOj2 per 200 ml. is added considerable 
excess (10-100 times) of freshly prepared 10% 
aqueous ammonium phosphate. T'he smaller 
the amount of zirconium present tho larger is the 
excess required. The acidity is now adjusted to 
by volume and the mixture heated for 2 
hours at 40°-.50“. If much zirconium is pre.sent 
the precipitate may be filtered after settling, but 
with small quantities it is better to leave it over- 
night, Filtration is aided with paper pulp and 
washing is done with cold ammonium 

nitrate until excess of phosphate has been 
removed. After drying, the precipitate and 
paper are heated carcfullj' until all the carbon 
I has been oxidised and then ignited over a 
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blowlamp. With small precipitates the zirconium 
13 weighed as ZrPjO;, but, owing to the ready 
hydrolysis of the phosphate, it is better to con- 
vert into 2rOj. 

For this purpose the ignited residue is fused 
with sodium carbonate, the melt evtracted with 
water, and the zirconia after filtration is washed 
with 1% sodium carbonate, then with w ater, and 
Ignited. 

(t) As Basic StUmle . — ^The solution, in 
approximately 5°o by volume of hydrochloric 
acid (sulphate is undesirable), and having about 
0 2 g. of ZrOj in 200 ml., is treated with 20 ml 
of 12 5% aqueous selenious acid and heated to 
boiling After settling, the precipitate la filtered, 
washed with hot dilute hydrochloric acid 
(3:07) contaimng a Lttle selenious acid, dried, 
igmted, and weighed as ZrOj. 

This method effects a separation from 
aluminium and the rare earths (cerium mast be 
tervalent), while small quantities of iron (up to 
20% of the zirconium) do not interfere if the 
precipitation is conducted m a more dilute 
solution (400-700 ml ). In this case 30-50 ml. 
of precipitant aro necessary (James and Smith, 
J. Amer. Chem. Soc. 1920, 42. 1764). 

Thorium. — Together with the rare earths, 
thorium may be separated from other metals by 
precipitatmg as oxalate or fluoride. The oxalate 
IS soluble m ammonium oxalate or strong mineral 
acids and therefore the precipitation should be 
made by adding oxalic acid to thorium in not 
more than 04.V-hydrochlonc acid. Thorium 
fluoride is insoluble m dilute mineral acids, 
but in the presence of the latter the precipitation 
IS more complete if ammonium fluoride be 
added Considerable excess of this reagent 

I irevents the precipitation of scandium; the 
attcr IS also removed by precipitating thorium 
lodato with excess of potassium lodate in 
strong nitric acid solution (Sleyer, Z. anorg. 
Chem. 1911. 71, 65) The method also screw for 
the separation of terxalent cerium, didymium, 
phosphoric acid, and many common metab, 
but not of titanium or zirconium. The latter are, 
however, removed by the oxalate method or by 
precipitating them as phosphates m dilute 
sulphuricawd. 

Thorium is precipitated with sodium pyro- 
phosphate in a 0 3A' hydrochloric acid eolation, 
while Ce'", La, Prand Nd are not precipitated. 

A separation from the rare earths is also 
obtained by means of sodium thiosulphate 
which precipitates thorium (abo Sc, Ti, Zr and 
Al) from Irailhig solutions The separation b 
not quite sharp, especially with the yttna 
group, and repetition of the whole processis 
ncce»«ry. The precipitation is made by treat- 
ini’ the neutral chloride solution with two drops 
of hv'drochlonc acid, boiling, and adding 2 g. of 
the reagent. The precipitate is flltci^ ^ter 
boiling for 15 minutes and washeil with hot water. 
The filtrate is precipitated with ammonia, the 
rare earths dissolved in hydrochloric acid, 
evaporated to dryness, taken up in water, and 
again treatetl as above. 

Sebacic acid precipitates thorium as sehacate 
uncontaminated by Ce, La, Pr, Nd.'Sa and Gd. 

Estimation op Thorium. — (a) As Oralate.^ 
The thorium (0 I g. ThOj per 100 ml ) mO 3iV- 


hydrochlonc acid is precipitated from a boiling 
solution with considerable excess of oxabc acid, 
left overnight, collected, and washed with a 
solution of 40 ml. hydrochloric acid and 25 g. 
oxahe acid m a litre of water. The precipitate 
is Ignited at 1,100° and weighed as ThO,. 

(6) H'lfA Sebacic Acid. — To the boiling 
neutral solution is added 3-10 ml. of 3% sebacic 
acid in alcohol with stirring. The voluminous 
precipitate is filtered, washed with hot water, 
dned, and ignited to ThOj. If cerium is 
present, the precipitate, ofter drying, is warmed 
at 100° with fuming nitric acid until no more 
brown fumes arc evolved, the solution is eva- 
porated to dry ness, dissolved in 100 ml. of water, 
and the thorium is reprecipitated os above 
(Smith and James, J. Amer Chem. Soc. 1912, 
34, 28! ; L. Kaufman, J. Appl. Chem. Russ. 
1935. 8, 1520). 

Nitrogen. — For the ultimate analysis of 
nitrogenous materials, see the section on organic 
analysis, p 617. 

Ammonium. — EsriMmoy as PLArm- 
cnLOSini: — This gravimetric determination is 
carried out as for potassium, the precipitate 
being ignited to Pt. 

More usually the ammonium compound » 
heated with caustic alkalis, and the evolved 
ammonia absorbed m standard acid, excess of 
which 13 titrated {see Volumetric Akaivsis, 
p 645) 

Nitrates.— Estimation with Nitron Ace- 
tate —About 0 1 g. of the nitrate in 100 ml. of 
water contammg a little acetic acid is heated to 
boUiDgand 10 ml. ofa IC^o solution of the basem 
A'-acet!c acid is added The precipitate is 
filtered after standing for 24 hours, washed with 
a httie saturated aqueous solution of nitron, 
dried at 110°, and weighed. The precipitate 
contains 16 79% NO. (Winkler, Z. angew. 
Chem. 1021, 34. 46). 

Nitntea interfere but can be remov ed by prior 
treatment with hydrazine sulphate Bromides, 
iodides, chlorates, perchlorates, chromates and 
perrhenates interfere, as also do large amounts of 
chlondes. 

Nitrates, nitrites, and many other mtrqgen 
rf«Dj>oiind.s jxre gpjjeraBjr delRT-miDed b.v volu- 
metnc methods, often after reduction to 
ammonia. This reduction is usually effected 
either by a zmc-copper couple or more con- 
veniently by means of Devarda’s alloy and 
alkali. The ammonia is steam distilled into 
standard acid as in the Kjeldahl method 
(Devarda, Z. anal. Chem. 1894, 83. 113 ; Cahen. 
Analyst. 1910, 35, 307) [see Volumetric 
Analysis, p. 664). 

Phosphorus (as phosphates). — Precipitation 
of phosphorus as phosphomolybdate is by f«f 
the most important method of separating it from 
other elements. Arsenic, vanadium, titanium, 
zirconium, sihea, organic compounds, _ and 

excessive amounts ofammonium salts or minCTal 

acids interfere. Arsenic b co-precipitated when 
the determination is made at 60°-70°, hut not to 
any great extent at ordinary temperature. 
Titanium and zirconium in large amounts, onl 
much phosphate is present, interfere because ol 
the insolubility of their phosphates. They msy 
be removed by fusing any residues with sodium 
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carbonate or peroxide and extracting the alkali 
phosphate with water. In the presence of small 
amounts of phosphate they may, together with 
vanadium, be removed by means of cupferron. 
Vanadium as well as arsenic can be separated 
by heating in hydrogen chloride at 400°-A50“ 
(Travers and Lu, Compt. rend. 1933, 196, 
703). Silicon is removed by the usual dehydra- 
tion method. 

Phosphates may also be separated by adding 
fuming nitric acid and tin to a concentrated 
nitric acid solution at 86°. The insoluble com- 
plex of stannic oxide and phosphoric acid is 
filtered, washed with hot water, dissolved in 
caustic potash, and saturated with hydrogen 
sulphide. Stannic sulphide is removed after 
acidification of the solution with acetic acid. 

Phosphate ions may also be removed by pre- 
cipitating with slight excess of lead acetate in 
acetic acid (Bougault and Cattelain, J. Pharm. 
Chim. 1931, (viii), 14, 97, 417 ; Compt. rend. 
1931, 193, 1093) or hy excess of solid bismuth 
oxynitrate in 2-5A^ -nitric acid solution which 
is finally diluted to 0-5N- (Kesans, Latvij. 
Univ. Raksti, 1929, 1, 65). These methods 
provide separations from the common metals of 
the third to sixth analytical groups. Precipita- 
tion as zirconium phosphate may also be used. 

Small amounts of phosphorus may be con- 
centrated by adding a little iron or aluminium 
salt and precipitating either with ammonia or 
by the basic acetate method. The precipitate is 
dissolved in nitric acid and the phosphate deter- 
mined ns phosphomolybdate. 

Phosphorus in iron and steel is usually deter- 
mined ns phosphomolybdate. If possible the 
metal or alloy is dissolved in nitric acid, the 
solution is evaporated to dryness, ignited, and 
dissolved in hydrochloric acid, boiled, and again 
evaporated to remove silica. The residue is 
treated with hot water, silica filtered off, and the 
filtrate after evaporating to dryness is taken 
up in nitric acid and phosphate estimated as 
indicated. Double precipitation may be 
necessary to remove traces of iron. 

Stainless steels which are insoluble in nitric 
acid must be dissolved in aqua regia or preferably 
in hydrochloric acid followed by evaporation 
with nitric acid as recommended by Evans 
(Analyst, 1929, 54, 286). 

Estimation of Phosphate. — ( a) As Phospho- 
inolybdate . — The solution containing about 
0-05 g. of phosphorus (as orthophosphate) in 
100-200 ml. of 6-10% (by volume) nitric acid and 
5-15 g. of ammonium nitrate is heated to 50° 
and a 15-25-fold excess of the reagent added 
with vigorous shaking or stirring. After some 
time (depending on amount present or presence 
of substances such as chlorides or sulphates 
u'hich delay precipitation) the precipitate is 
filtered, washed with 5% ammonium nitrate 
containing a little nitric acid, dissolved in 
ammonia, and the phosphate precipitated ■with 
magnesia mixture. The precipitate of phos- 
phomolybdate is not suitable for direct weighing, 
ns its composition varies somewhat with the 
conditions of precipitation. 

The ammonium molybdate reagent is made bj' 
mixing 100 g. of molybdio anhydride with 400 
ml. of water and 80 ml. of ammonium hydroxide. 
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After filtering, the solution is poured with 
agitation into 400 ml. of nitric acid and 600 ml. 
of water. It is filtered after stirring for 2 hours. 

If vanadium is present it may either be kept 
in the quadrivalent state by means of ferrous 
sulphate or it may be precipitated as the phos- 
phate in the presence of a large excess of nitric 
acid. 

(b) As Magnesium Pyrophosphate . — ^The neu- 
tral or weakly acid solution, which must not 
contain more than 0-2 g. of phosphorus ns 
PjOj, is treated with 5 ml. of strong hydro- 
chloric acid, a few drops of methyl-red, and 
enough water to bring to 150 ml. Acid mag- 
nesia mixture is added in 5-10-fold excess 
the solution cooled in. ice, and strong ammonia 
added with stirring until the solution is neutral. 
Stirring is continued for 5 minutes, after which 
a further 6 ml. of ammonia are added, also with 
stirring. The mixture is left for at least 4 hours, 
the precipitate filtered and washed with 3-5% 
(by volume) of ammonia. Eor the most 
accurate results the precipitate is dissolved in 
50 ml. of warm -hydrochloric acid, diluted 
to 150 C.C., treated with methyl-red, and 2 ml. 
of magnesia mixture, and reprecipitated as 
above. After drying, the precipitate is ignited, 
carefully at first until the paper is burnt and 
finally at 1,000° (Epperson, J. Amer. Chem. Soc. 
1928, 50, 321 ; Hoffman and Lundell, Bur. 
Stand. J. Res. 1930, 5, 279 ; Tananaev and 
Savtschenko, Ukrain. Chem. J. 1932, 7 (Sci.), 
203). 

Arsenic. — The outstanding method of 
separating arsenic from other metals is by dis- 
tillation of arsenious chloride from hydrochloric 
acid solution, when, if the distillation is carried 
out slowly, the only probable contamination 
is germanium. Numerous reducing agents have 
been suggested for maintaining the tervalent 
condition of the arsenic ; of these there may be 
mentioned ferrous sulphate, hypophosphorous or 
phosphorous acids, hyriiazine sulphate and 
potassium bromide, hydriodic acid or pyro- 
gallol. For appreciable amounts of arsenic it is 
advisable to pass a current of hydrogen chloride 
during distillation, in xvhich case a suitable 
absorption train is necessary. 

Arsenic may be separated from many metals 
by precipitation ns pentasulphide from ice-cold 
lON-hydrochloric acid, or as trisulphide from 
9A^-acid at ordinary temperature. Germanium, 
molybdenum, mercury', copper, and rhenium 
interfere, but antimony and tin do not. Precipita- 
tion of quinquevalent arsenic with magnesia 
mixture from cold ammoniacal solutions con- 
taining tartrate or citrate also serves to remove 
antimony, tin or germanium. Large amounts 
of ammonium salts should be absent, while 
considerable excess of the reagent is necessary. 
Washing should bo done with dilute ammonium 
hydro.xide. 

An excellent separation from antimony is 
obtained by precipitating arsenate with silver 
nitrate and estimating the silver in the silver 
arsenate by Volhard’s method (see Volumetbio 
Analysis). 

Small amounts of arsenic are usually deter- 
mined by reducing to arsine and either heating 
this to form a metallic stain of arsenic or allowing 
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it to act on dry paper impregnated Tilth lines laid down for these elements, .\rsemc 
mercuric chloride or bromide, when j'ellow can be removed by distillation, by precipitation 
to browTi stains are obtained. The results as sulphide from strong hjdrochlonc acid or as 
obtained arc then compared with standards silver arsenate (see Arsenic) 
previously made. Silver nitrate test papers may Antimony is removed from tin, by pre- 
also be used (v. Aksemc, Vol. I, pp. 470-471). eipitating it as sulphide in the presence of 
Reduction 13 usually accompbshed by means of tartaric and oxalic acids or of phosphoric acid 
zinc and dilute sulphuric acid to which very (Henz, Z. anorg. Chem. 1903, 37, 18 ; Vortmann 
small quantities of ferric alum and stannous and Metzl, Z. anal. Chem. 1905, 44, 532). 
chloride are added, and the issuing gas (ar8ine+ Ilenx’s procedure is as follow s i 
h 3 ’drogen) is scrubbed free from hjdrogen The sulphides (not more than 03 g of the 
sulphide by means of lead acetate before being metals) are dissolved in excess of aqueous 
allowed to act on the test paper. For the Marsh caustic potash and 3 g tartaric acid added, 
or metallic stain method, electrolytic rednction is Hj'drogen peroxide is added in slight excess 
often used (see Electrochemical Analysis, p 700). and the solution boiled for a few minutes, 
Estimation or AasEvic. — (a) AsTrisvlpiide. after which a hot solution of 15 g. of oxalic acid 
—The strong hj’drochloric acid solution (9A’-) wadded. When the vigorous action ceases, the 
containing only tervalent arsemo is treated with solution is again boiled to destroy excess of 
a rapid stream of hydrogen sulphide at room peroxide, diluted to 1(X) ml , and hydrogen 
temperature until all the arsenious sulphide is sulphide passed into the hot solution for 15 
precipitated. Filtered after ono hour, it is minutes after the first appearance of the 
washed with 8.Y -hydrochloric acid saturated orange precipitate. It is now diluted to 250 ml , 
with hydrogen sulphide, then successively viith heated, and hydrogen sulphide passed for 15 
alcohol, carbon disulphide, and alcohol and dried minutes, after which the flame is removed but 
at 103°. It IS weighed ns As^S,. Sometimes a the gas still passed for a further 10 minutes 
film of sulphide adheres to the glass vessel in The precipitate is filtered on a Gooch crucible, 
which preiipitntion was earned out, but this washed first viith 1% oxalic acid and then with 
can bo dissolved in n little ammonia and the 1% (by volume) acetic acid, both washwatm 
sulphide reprccipitatcd with the acid washing being hot and saturated with hydrogen sulphide, 
liquor. The precipitate is then treated as given below. 

(b) As Maffnenum Ammoniu/n Arsenate.— Estimation or Antimony — (a) As Svlphde 
This easy and convenient method suffers from Sb.Sj— The solution m 3*V-hvdroohlono 
the disadvantage that it is extremely difficult to acm is heated to boiling and a rapid stream of 
secure comparablo results when the precipitate hydrogen sulphide is passed in while the liquid 
is Ignited to Mg^As^O), for even traces of is kept at 90°-]00°. The flask is gently shaken 
organic matter or other reducing agents inter- at intervals and the current of gas decreased as 
fere. Many procedures have been advocated for the precipitate darkens. After about half an 
overcoming this difficulty. Furthermore, certain hour the sulphide is black and erjstalhne. An 
salts have a deleterious effect, while tho arsenato equal volume of water is now added and 
is more soluble m tho presence of ammonium hydrogen sulphide again passed into the hot 
ions than is the phosphate Dick (Z anal aolution for some minutes. Filtration is through 
Chera. 1033, 93, 420] has recommended weighing a Gooch crucible, while washing is done with 
the precipitate as MgNHiAsOf.fiHjO, and his water followed by a little alcohol. The crucible 
method is ns follows : and prceipitato arc slowly dried at 100“-120° 

The concintrated arsenate solution Is trcatcil in a current of carbon dioxide and then at 280" 
with 3-5 g of ammonium chloride and 10-15 for 2 hours. After cooling in carbon dioxide 
ml of inngncsiii mixture. Hydrochloric acid is it is weighed as SbjS, (Vortmann and Metzl, 
now added, ilrop by droji, until the ]>rccipitato I c. ; Cahon and Morgan, Analyst, 1909, 34, 3) 
which has formed is dissolvcil. To tho cold Alternatively tho precipitate, dried at 100_. 
sotutinnisfldilcd withstirringoiicdropof phenol- may bo converted by means of fuming nitric 
phthalciii and enough 2 5% ammonia to turn acid and ignition at 800° into the tctrovidr, 
the solution red, after which an amount of Sb{0| 

concentrated ammonia is added equal to one- Bismuth. — ^Thcseparationofbismuthtogethcr 
third of the volume of the solution The total with other members of the copper group presents 
volume should now contain not leas than O-l g no difficulties and is quantitative provided that 
of arsenic per CO-70 ml. After cooling m ice tho concentration of hydrochloric acid present 
water for 1-2 hours the precipitate is filtered is not greater than about 4A'- and that the pre- 
through a tared Gooch crucible, washed with cipitation h earned out at room temperature 
2 5% ammonia followed by alcohol and ether. (Mnnehot and others, Z anal. Chem. 1925, 67, 
After drying in a vacuum desiccator it is weighed 177). 

as MgNHiAsOi-fiHjO, which contains Separation from the arsenic group is accom. 
25 90% As. plished by precipitating the sulphide with 

Tho magnesia mixture is made by dissolving ammonium sulphide. Alkali sulphides or m- 
50 g. of MgClj,6H.O and 100 g. of NH^CI sulphides cannot be used, as bismuth sulphide 
inSWml of water, adding ammonium hydroxide is soluble m these though not in the hydro- 
in slight excess and filtering after 12 hoars, sulphides 

Tho solution is then made just acid and diluted The other members of the copper group are 
to ono litre. usually removed by precipitating the bismuth 

Antimony. — ^Theseparationofantimonyfrom aa oxychloride, oxynitratr, or 
metals other than arsenic and tin follows the Moser end Maxymowicz (ibi’d, 1025, 67, I 
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state that the latter method provides the best 
separation and reeommcnd the following pro- 
cedure. The nitrate solution, from which any 
appreciable amounts of chlorides or ammonium 
salts should be absent, is treated with sodium 
carbonate solution until the precipitate formed 
by each drop dissolves only with difficulty on 
stirring. After dilution to 200-300 ml. there is 
added 2 g. solid potassium bromate, the solution 
boiled and any precipitate that remains after 
boiling is cleared with a few drops of dilute nitric 
acid. To the boiling solution is added, drop 
by drop, a 10% solution of potassium bromide 
until the solution becomes deep brown. The 
beaker is covered with a clock glass and the 
solution boiled until most of the free bromine 
has been expelled and the colour has become a 
clear yellow. A little more bromide is added 
and if the colour does not deepen, a little dilute 
nitric acid is added together, if necessary, with 
some bromate, so that free bromine shall be 
present in the solution ; this excess of bromine is 
boiled off, the precipitate filtered through a 
filter crucible, washetl with hot water, and dried 
at ,105°-110'’. It is weighed as BiOBr 
(=G8'52% Bi). For more exact work and where 
much lead is present the precipitate may be 
dissolved in hot nitric acid and the operation 
repeated. 

Precipitation as oxyiodidc has also been 
recommended, especially for micro-analysis 
(Strebingor and Zins, Z. anal. Chem. 1927, 72, 
417). 

Various organic compounds and certain co- 
ordination compounds of cobalt give precipitates 
with bismuth salts in the presence of potassium 
iodide which may bo used for the estimation of 
bismuth (G. Spacu and P. Spacu, ibid. 1933, 93, 
200 ; Hecht and Rcissner, ibid. 1935, 103, 88). 

Estimation of Bismuth. — (a) With Cnp- 
ferron . — The bismuth solution (about 200 ml.) 
containing nitric or hydrochloric acid is treated 
with a 5% cupferron solution until there is 
present at least three times as mueh by weight 
of cupferron as of bismuth. After boiling, 
ammonia is added until the liquid is alkaline to 
litmus and then nitric acid to make it just acid. 
The precipitate is filtered through paper, washed 
with 0-1% cupferron containing a little nitric 
acid, and ignited under good oxidising conditions. 
It is weighed as BijOj. 

This method separates bismuth from cadmium, 
lead, arsenic, mercury, zinc and quinquevalent 
antimony (Pinkus and Dernies, Bull. Soc. chim. 
Belg. 1928, 37, 267). 

(5) lI’ffA 0.rine . — The nitrate solution con- 
taining enough tartaric acid to prevent pre- 
cipitation on neutralising with ammonia 
(phcnolphthalcin) is, after this procedure, made 
weakly acid with acetic acid. Ammonium or 
sodium acetate (1-2 g. for each 0‘05 g. Bi 
present) is added, the solution heated to 60°-70°, 
precipitated with a cold saturated solution of 
8-hydroxy-quinoline (oxine) in alcohol or 
acetone, and the mixture boiled. On cooling, 
the precipitate is filtered through a crucible, 
washed with hot water, and dried at 130°. 
(CjHjONljBi contains 32-60% Bi. 

(c) .‘Is Oridc . — The bismuth in nitric acid 
solution (chlorides and sulphates must be 


absent) is nearly neutralised with ammonia, 
the solution diluted to 200 ml. and a saturated 
solution of ammonium carbonate added in slight 
excess. The mixture is heated to boiling and 
then kept on a steam bath for 2 hours. 
The precipitate is filtered on to paper, washed 
with hot water and dried. The bulk of the 
precipitate is removed from the paper on to a 
watch glass, the residue dissolved in a little 
nitric acid, and this solution evaporated to dry- 
ness in a weighed platinum crucible or dish. 
The oxide on the watch glass is now added and 
the whole ignited and weighed as BijOj. 

(d) With Pyrogallol . — ^Aqueous pyrogaUol is 
added in slight excess to'the boiling acid solution 
followed by ammonia until alkaline to litmus 
and then just acidified with dilute nitric acid. 
After settling, the yellow precipitate is filtered 
on to a weighed filter crucible,-washed ivith very 
dilute nitric acid, and then with water, dried at 
110°, and weighed as CgHgOjBi (=62-95% Bi) 
(Feigl and Ordelt, Z. anal. Chem. 1925, 65, 448). 

Vanadium. — Fusion with sodium carbonate 
and potassium nitrate followed by extraction 
with water serves to separate vanadium from 
many elements. Arsenic, chromium, molyb- 
denum, tungsten, etc., however, accompany 
vanadium. The vanadium can be separated 
from chromium, arsenic, sexavalent uranium 
and phosphorus by precipitation with cupferron 
(6% sdlution) in 3-4jY-sulphurio acid solution. 
Molybdenum may be separated by precipitation 
with hydrogen sulphide although it is necessary 
to have tartaric acid present to prevent co- 
precipitation of vanadium (see Molybdenum). 

A good separation from many elements may 
also bo obtained by co-precipitating quinqui- 
valent vanadium with ammonium phospho- 
molybdate. The precipitation is quantitative if 
the solution contains at least five times as much 
phosphorus as vanadium, but in the quadrivalent 
state vanadium is not precipitated. 

Heating at 400° in a current of dry hydrogen 
chloride causes the volatilisation of vanadium 
oxychloride. Some of the vanadium may be 
reduced in the process and so become non- 
volatile ; in this case the residue must be oxidised 
by evaporating with nitric acid and the process 
repeated. The oxychloride is collected in water. 

Iron and molybdenum may be removed by 
extraction with ether from cold dilute hydro- 
chloric acid solution ; the separation is not com- 
plete, as a little vanadium is also extracted. The 
latter should be in the quadrivalent condition. 

Estimation of Vanadium. — Undoubtedly 
vanadium is best estimated volumetrically, for 
all the gravimetric methods require that the 
metal shall be free from interfering elements. 

(n) With Mercurous Kilrale . — To the boiling 
alkali vanudate solution, which must bo free 
from ammonium salts, but may contain a little 
nitric acid, is added 3 ml. of 10% hj-drogen 
peroxide and a large excess of mercurous 
nitrate solution (saturated solution of the salt 
in hot water). Boiling is continued in a covered 
beaker for half an hour to destroy excess of 
peroxide, the precipitate filtered, washed with 
cold water, dried, and detached from the paper, 
which is a.shcd separately, and ignited strongly to 
the pentoxidc, VjOj. The purpose of the 
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hjdrogen peroxide ia to convert the more Tilanium may be separated from the earth 
Boluble hexavanadate, Hg|V,Op, to a mixtuTe acids by treatmg the solution with aalicyhc acid 
of the insoluble p>TO> and ortho- vanadates and ammonium oxalate. The oxalate is then 
(Moser and Brandi, hlonatsh. 1929, 51, 169). precipitated with calcium chloride and the 
(6) At Silver Ortiovajuidate . — To a neutral calcium oxalate carries down the niobium and 
al^li vanadate eolution containing not more tantalum (Schoeller and Jahn, ibid, 1929, 54, 
than 0 2 g. of the salt in 200 ml. is added 3 g. 320). 

of sodium acetate, 0 5 ml. of ammonia {d Tungsten may be removed by fusing the 
0 880) and an excess of sUver nitrate. The oxides with potassium carbonate and treating 
mixture, after beating to boilmg, is kept on the aqueous extract of the melt with a slightly 
a steam bath for half an hour, and the super- ammoniacal solution of a magnesium salt, 
natant liquor tested for complete precipitation, whereupon the earth acids are precipitated. The 
If a turbidity ensues then the hquid is boded process must be repeated for exact results, 
until clear. After settling, the precipitate is Further information on these various separa- 
filtered, washed with hot water, dried at 110®, tiona must be sought for ui the papers of 
and igmted gently with the crucible mside a Schoeller and his co-workers, Analyst, 1921- 
larger one. It is weighed as Ag.VO., which 1936. A complete summary is to bo found in 
contains ll-62% V. Analyst, 1936,61.806. iSee also W. R. Schoeller, 

Niobium and Tantalum. — The separation “The Analytical Chemistry of Tantalum and 
and estimation of these two elements has pre- Niobium," London, 1937. 
sented the analyst with great difi^culties which SEPalunoN of Niobium amd Taktalum.— 
have not yet been satisfactorily overcome. The For many years the only noteworthy method 
minerals from which they are obtained are was that of Mangnac, which depended on the 
complex and the commonly associated elements, relative insolubihty of potassium tantalifluoride, 
titamum, zirconium and tungsten, have many KjTaF,. as compared with potassium nio- 
Btmilar analy'tical properties. These minerals bium oxyfiuondc. More recently Powell and 
rosy be attacked (a) by hydrofluoric acid with Schoeller (Analyst, 1925, 50, 485) have obtained 
subsequent conversion to sulphates, (5) by alkali a fairly quantitative separation by the use of 
carbonate or peroxide fusion, or (c) by fusion tannin m oxalate solutions, 
with biaulphate. Subsequent procedure depend The weighed oxides (0 25 g.) are fused with 
essentially on a hydrolytic process whereby the bisolphate (3-6 g ) in a silica crucible until a 
earth acids are precipitated, the contaminating clear melt is obtained. If it does not become 
elements being Ti, Zr, W, Sn, Sb, and more or clear, tbo crucible is cooled, 1 ml of concentrated 
leas Fe. sulphuric acid added, and the contents again 

If the hydrolysis is carried out with tartanc igmted. The fusion is dissolved m 50*100 ml. 
acid by the method of Schoeller and Deenng of saturated (4%) ammonium oxalate and any 
(Analyst, 1927, 52. 625), then much of the residue, other than traces of silica, is again 
titanium and zirconium is removed For this treated, its extract being added to the original 
purpose tbo cold bisulphate melt (containing one. The solution is diluted to 100 ml for 
about 0 3 g. of mixed oxides) is digested with each 0 1 g. of oxides taken, heated to boiling, 
strong tartaric acid solution (3 g ). The solution and treated with freshly made 2% tannin 
IS diluted to 3(X) ml , boiled with 30 ml of eolution. This may’ produce a permanent 
strong nitric acid for 13 minutes, and the turbidity or a prccipitato nfter short boding; 
precipitate filtered with the aid of paper pulp, if not then A’/- ammonia is added drop by 
Washing is done with 1% nitnc acid, the drop until that condition is reached. An 
precipitate dried and ignited. For a more orange or reddish colour now shows the presenre 
complete separation the procedure is repeated of niobium m excess, whereas a yellow pre- 
Tlie earth acids are not completely preapitated cipitate indicates that considerable tantalum 
by this method but the residue in the filtrate is present. Tantalic acid is precipitated first, 
may be recovered l-y means of tannin or cup- for the oxalo-tantalic compound is stable only 
ferron. These reagents also precipitate iir- in the presence of a certain amount of free 
conium and titanium, so that tartrate bydrolysis oiahc acid, whereas the niobium compound is 
must be repeated on this new precipitate. more stable. 

Zirconium may also be separated by fusing If the liquid is orange coloured, dilute aul- 
the mixed oxides with potassium carbonate phuric acid is added drop by drop until it 
and extracting the melt with potassium becomes pure yellow. More tannin is added to a 
hydroxide solution. The zirconia residue is minimum of 0 2 g. with a further 0 1 g. for each 
fused with bisulphate, the product dissolved 0 03 g. of Ta^Oj estimated to be present. A 
with ammonium oxalate eolution, and any saturated solution of 5 g. of ammonium chloride 
earth acid present is removed by fractional h added, the liquid boiled for 15 minutes after 
precipitation with ammoma in the presence of flocculation has taken place, and filtered with 
tannin. The coloured earth acid complexes are the aid of paper pulp. The precipitate is 
precipitated first and the ammonia is added washed with 2% ammonium chloride and 
until the white zirconium complex begins to ignited without drying to TajOj. _ 
make its appearance. Repetition of the pro- The filtrate, containmg all the niobium *tida 
cedure is necessary. The niobium and tantalum httle tantalum, is boiled with 5-10 ml. of 2^o 
in the alkaline filtrate from the extraction of the aqueous tanmn and titrated with 0 5 A’ -ammonia 
original fusion with potassium hydroxide are until the red solution ia decolori^ and a 
recovered by acidifying with hydrochlonc acid precipitate of the same colour is 
and boiling with a small excess of ammonia. This u heated for some time on a water-batn. 
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left overnight, collected, washed and dried 
as above, and then fused for repeated treatment. 
The fusion is dissolved in ammonium oxalate, 
tannin added, and O-oA^-ammonia dropped into 
the boiling solution until the orange colour 
produced around the drops disappears only 
slowly. Saturated ammonium oxalate is now 
added until the j'ellow precipitate has flocculated 
and, after digestion on a water-bath, is left over- 
night, then collected, washed, and ignited. 
Filtrates are tested for complete precipitation of 
tantalum by adding a little ammonia, when the 
precipitate obtained should only be orange- 
coloured and not yellow. 

The niobium is estimated by difference or by 
complete precipitation of the above filtrates with 
ammonia until alkaline. The precipitate is 
treated as above. 

Sulphur. — ^Whenever possible, sulphur is 
oxidised to sulphate and estimated as such; 
this also applies to sulphides, sulphites, hypo- 
sulphites, metabisulphites, etc. The oxidant 
generally used for elemental sulphur is a solution 
of bromine in carbon tetrachloride (up to 60% 
solution). If necessary the element is first 
extracted with freshly distilled carbon di- 
sulphide, the extract evaporated to dryness, and 
the residue oxidised to sulphate. 

Sulphides. — Sulphides which yield hydrogen 
sulphide on treatment with hydrochloric acid 
are decomposed in a flask similar to the Schrotter 
flask for carbon dioxide, evolved gas being 
passed through bulbs containing bromine in 
carbon tetrachloride or hydrochloric acid. To 
assist in the removal of the gas it is useful to add 
some granulated zinc or aluminium along with 
the sulphide while the last traces are removed 
by boiling and, if necessary, by the simultaneous 
aspiration of air or hydrogen through the solu- 
tion. The contents of the bulbs are W'ashed 
into a beaker, excess of bromine removed, and 
the sulphuric acid estimated with barium 
chloride. This method is useful for rapid 
determinations of sulphur in metallurgical 
products. Sulphides not decomposed by hydro- 
chloric acid may often be oxidised with aqua 
regia or with hydrochloric acid and potassium 
chlorate ; if unattacked by such reagents then 
the material must be fused with sodium per- 
oxide and sodium carbonate, with zinc oxide 
and carbonate (4 : 1), or by the following 
method : 

Sulphur in Coal and Coke (Eschka’s Method). — 
The finely powdered material (1 g.) is intimately 
mi.xcd with 2 g. of calcined magnesia and 1 g. of 
sodium carbonate, and ignited to dull redness in 
an open platinum crucible for one hour, the 
mixture being frequently stirred with a platinum 
wire. Ammonium nitrate (1 g.) is then stirred 
in and the crucible again heated stronglj' for 
10 minutes. After extraction with water and 
filtration the sulphate is determined as usual. 
Alternatively, sodium or potassium carbonate 
fusion may be employed, but in this case the 
fusion is extracted with hydrochloric acid 
containing a few drops of bromine. 

Sulphites, Hyposulphites, etc. — ^These are 
oxidised to sulphate by means of bromine water, 
hydrogen peroxide, etc., although, generally 
they are preferably estimated volumetrically. 


Sulphate. — Invariably estimated as barium 
sulphate yet, in spite of much work on the 
subject, the precipitation of sulphates is not 
entirely satisfactory. A certain amount of the 
precipitant is carried down while excessive 
washing produces losses due to the appreciable 
solubility of barium sulphate. For all but the 
highest accuracy these errors may be considered 
as cancelling each other. Alkali salts also 
tend to be' co-precipitated, as do ammonium 
salts. As the latter are volatile and carry away 
some of the sulphuric acid, they should be 
eh'minated before precipitation. Most other 
metals may be removed prior to the estimation of 
sulphate ; although if it is not feasible to remove 
iron then it should be reduced to the bivalent 
state. For the separation of sulphates from 
the alkaline earths or magnesium, it is usual to 
fuse rvith sodium carbonate, extract the melt with 
water, filter, and wash the residue with hot 1% 
aqueous sodium carbonate. 

Estimation. — ^The sulphuric acid solution con- 
taining about 0-2 g. per 100 ml. is boiled and 
1-2 ml. excess of 10% barium chloride solution 
added drop by drop with stirring and left over- 
night. The precipitate is washed efficient first by 
decantation and then finally on the filter paper 
with warm water until free from chloride. The 
paper is dried, charred in a weighed crucible 
without inflaming, and carbon carefully burnt 
off under oxidising conditions. The crucible is 
then heated to about 300°-400'’ until a constant 
weight is obtained. 

If alkali metals are present the solution of the 
sulphate should contain a little hydrochloric acid 
and should be more dilute (not more than 0-05 g. 
of sulphate per 100 ml.). Furthermore, a larger 
excess of barium chloride is used (6-7 ml. per 
100 ml.) and the precipitant is added quickly. 
The precipitate may be filtered after settling 
for half an hour. 

If other metals are present the precipitation is 
carried out in even more dilute solutions 
and a larger excess of barium chloride is added 
slowdy. It is also advantageous under these 
conditions to precipitate in the cold and to siphon 
off the supernatant liquor after 24 hours. 

Selenium. — In working with selenium it is 
essential to remember that appreciable amounts 
of the element may be lost on warming strong 
hydrochloric acid solutions of its compounds. 
No appreciable loss occurs if dilute acid solutions 
are heated at temperatures below 100°. 

Separations of selenium are based almost 
entirely on either its distillation from hydro- 
chloric acid or its reduction to the element by 
various reducing agents. By the former 
method the element may be separated from 
metals not giving volatile chlorides and also 
from tellurium. The distillation is made by 
passing hydrogen chloride through a sulphuric 
acid solution heated to 300° (Lenher and 
Smith, Ind. Eng. Chem. 1924, 16, 837) or by 
passing carbon dioxide through a phosphoric 
acid solution containing potassium bromide 
(Gooch and Pierce, Amer. J. Sci. 1890, (iv), 1, 
181). Geilmann and Wrigge (Z. anorg. Chem. 
1933, 210, 357) state that in the former method 
some tellurium tends to distil over. The last- 
named workers separate selenium from Cu, 
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Bi, Hg, Ag, Au. Ca. Mg, Fe, and theplatinnia 
metals reduction of these metals in alkaline 
solution vith hrdroquinone and sodium aulphite, 
the selenium remaining as sodium selenite. 
Lead interferes hut can be remored by making 
the solution strongly acid vith hydroeblone 
acid and precipitating selenium with sulphur 
dioxide. 

Under certain conditions hjdraime may be 
used to separate selenium from Cd, Pb, Bi, 
Sb, Mo, W and V (lIoTorka, C^l C^ech 
Chetn. Comm. 1935, 7, 182). 

Selenium is usually separated from tellurium 
by virtue of the fact that the latter is not 
reduced by sulphur dioxide or hydroxylamine 
hydrochloride m strong hydrochloric arid 
solution The following estimations provide for 
such separations. 

Estisutiox 07 Selemcu — (q) UifASttlpAi/r 
Dioxide.— To a solution of the mixed oxides (not 
more than 0 25 g of each) in 100 ml. of con 
centrated hydrochloric acid is added uhde 
Btimng 50 ml of a saturated solution of sulphur 
dioxide. The red precipitate, after settling, is 
filtered on to a filter crucible, slashed successively 
with strong hydrochloric acid, cold uater, 
alcohol, and ether. It is essential that both 
chloride and u ater be removed. The selenium is 
dried first at 30M0* for 3-4 hours and then at 
I20®-130° for 1-2 hours, cooled in a desiccator, 
end weighed. 

Tellurium in the filtrate is deterramed by 
concentrating the solution to 50 ml. at a tern 
peratnre below 100^ adding 15 ml of saluratetl 
sulphur dioxide solution, 10 ml of 15% aqueous 
hydrazine hydrochlonde followed by a further 
25 ml ofthesul(ihur dioxide reagent and boiling 
The precipitated tellurium is filtered, washed first 
with hot water, and then quickly with alcohol, 
and dried at 105°. 

(6) U'lfA Uydroxylamxnt llytltochloridt — The 
mixed oxides, as above, m 100 ml of solution 
containing 40-15 ml of concentrated hydro 
chloric acid are treated with 10 ml. of 25% 
aqueous hyilroxylamme hydrochlonde. and 
heated at 90° for 4 hours. The black selenium 
deposit IS filtered, washed with water and 
alcohol, and dried at lltl^. TeTlunuro in the 
filtrate 13 estimated as m (a) Turtanc or citnc 
aciiU may replace the hydrochlone acid (Lcnher 
and Kao, J. Amer. Chem Soc. 1925, 47, 24^). 

(c) In StUniftroni ilaterial confainin^ no 
Tellurtum. — The material (0*1 g) m fused in a 
nickel crucible with 3 g. of feme oxide, 3 g of 
potassium chlorate, and 4 g of sodium bi- 
carbonate The cold fusion is extracted with 
water, the filtered solution diluted to 400 ml. 
and treatcil with 5 ml. of concentrated hydro- 
chloric acid and 30 g. of hydrazine hydro 
chlonde. The mixture is then boiled in a covered 
beaker to convert the red mochfication into black 
selenium which is filtered, washed, dned and 
weighed (Benesch and Efdheim, Chem.-Ztg. 
1930,54, 954). 

Tellurium. — Like selenium, quadmalent 
tellurium is precipitated by hydrogen sulphide 
in acid solution and if the process has been 
carried out m the cold, the telJunum sulphide is 
soluble in alkali sulphide ; deposited from 
hot solutions the precipitate U less aoIoUe, 


while m the presence of the copper group it « 
dilTiruk to extract the tellurium completely . 

Of the copper group, lead may be removed bv 
evaporating w ith sulphuric acid to fumes of tb'e 
latter, diluting and removing the lead sulphate 
and adding ammonia and ammonium sulphide 
to the filtrate. The solution is filtered after 
boding to remove traces of lead sulphide and 
the tellurium precipitated by the addition of 
sodium sulphite. Bismuth is removed os the 
oxybroinide with potassium broraate and 
bromide {see Bismuth, p. 600). 

For the separation of mercury the solution u 
made alkaline with caustic soda, enough sodium 
sulphide added to dissolve the precipitate, and 
the solution, after boiling, is treated with solid 
ammomum chlonde until all the mercury u 
deposited as sulphide. The filtered precipitate 
IS washed with ammonium sulphide and water. 

Copper and gold are separated by adding 
ammonium sulphide to the ammoniaral solution 
foUowcd by potassium cyanide until tho 
precipitate is dissolved. Tlie solution is boiled 
and 10-15 ml of a saturated solution of sodium 
sulphite are added, boding being continued for 
10-20 minutes After dilution to 200-300 ml 
a bttle cyanide is added, the solution left fur 
some hours, filtered, and the precipitate washed 
with a dilute solution of cyanide. Thecopperer 
gold IS recovered from the filtrate by acidifying 
and boding to remove the cyanide 

Selenium wUI accompany tellurium to some 
extent in the above separations It may be 
removed by methods already given under that 
element or, if not to be estimated, it can be 
eeparated from the tellunum by treating an 
alkahne sulphide solution of the two with 
potassium cyanide until colourless and boiling 
On addition of 19-20 ml. of saturated aqueoos 
sodium sulphite and further boiling, the tellunum 
IS precipitated and estimated as usual (BruU 
and Maxymowicz, Z. anal. Chem. 1926, 68, 14] 

Estimation o7Tm.CRirM. — (a) lI’ifA .Imina- 
ntumSulphideandSodiumSulphite — The weakly 
aromoniacal solution is warmed and ammonium 
sulphide added drop by drop until the precipitate 
IS completely dissolved. A saturated solution 
of sodium sulphite (20-25 ml ) h now added. the 
solution boiled for 10-20 minutes and dJuted 
to 200-300 ml. It is again boiled with a httlc 
more sulphite, allowed to settle for some hours, 
filtered on to a filter cmtible, washed with water, 
alcohol and ether, and dned at 100°, preferably 
in nitrogen (Brukl and Maxymowicz, I f.) 

(6) As Diaride, TeO,.— The matenal(e!emen 
tai tellunum, oxides or tellurites) is dissolved m 
hydrochloric acid or potassium hydroxide (10%) 
using 2 ml. per 0 2 g. of oxide. If alkahne the 
solution IS shghtly acidified with hydrochlone 
and and diluted to 200 ml. with boihng 
Dilute ammonia is added in slight excess and the 
solution made just acid with acetic acid. The 
erystaUine dioxide separates out on coohng. H 
filtered on to a crucible, washed with water, and 
dried at 105° to constant weight (Browning and 
Flint. Amcr. J. Sci. 1909, [iv). 28. 112; Moser 
andMiksch.Monat8h. 1923.44, 349). KeutraliM- 
tion of the solution may also beadvantagMusly 
earned out with pyndine (Jilek and Kota, 
Coll. Czech. Chem. Comm. 1'134, 6, 39S). 
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Chromium. — Chromium is best estimated 
volumetrically and therefore its separation from 
many other elements is of minor importanee (see 
VoLUMETEic Analysis, p. 655). It is easily 
separated from metals not belonging to the third 
group and from many of them it can be removed 
by oxidation to chromate and precipitation of 
iron, aluminium, etc., by ammonia. The oxida- 
tion may be made by means of ammonium 
'persulphate or, more generally, with sodium 
peroxide. Alternatively, the material may be 
fused with sodium peroxide or with sodium 
carbonate and nitre. Vanadium, iron, zir- 
conium, etc., may be removed also by pre- 
cipitating them with cupferron. 

Estimation of Chromium. — As CrjOj. — Most 
of the gravimetric estimations of this metal deal 
with its precipitation as CriOHjj followed by 
ignition to Cr^Oj. The oxide tends, horvever, 
to oxidise to CrOj, so that high results are 
obtained unless the ignition is finished in a 
stream of hydrogen. The following method due 
to Dorrington and Ward (Analyst, 1930, 55, 
625) gives a more granular product than that 
produced with ammonia. 

The chromium solution (200 ml.) is treated 
with 5 g. of ammonium chloride and 1 g. of 
potassium cyanate and after these have dissolved 
the mixture is slowly heated to boiling. The 
fine granular precipitate is allowed to settle, 
the liquid filtered through paper (Whatman, 
No. 41) and the residue washed once by decanta- 
tion with hot 2-5% ammonium nitrate solution 
made faintly ammoniacal. The filtrate is boiled, 
a few drops of alizarin S added, followed by 
concentrated hydrochloric acid until the indica- 
tor is yellow and then ammonia until it becomes 
red. The small precipitate is collected on a 
second •filter paper while the main precipitate is 
washed on to the first paper and further washed 
■nitli ammonium nitrate. Any film on the 
beaker is dissolved in a little hydrochloric acid, 
rcprecipitated with ammonia (using alizarin S), 
and filtered on to the second filter paper. The 
two papers and precipitates are then ignited 
wet in a platinum crucible and after removing the 
carbon the heating is completed over a Meber 
burner for 10 minutes. CrgOg contains 68-42% Cr. 

Molybdenum. — Molybdenum, belonging to 
the analytical arsenic group, is precipitated as an 
insoluble sulphide, MoSj, from acid solutions. 
It is not easy to secure a quantitative deposi- 
tion, partly due to reduction of some of the 
molybdenum by the hydrogen sulphide and 
partly to the delaying action of certain salts 
such as ferric chloride when these are present. 
The .precipitation is best made from a 5% 
(by volume) sulphuric acid solution, the 
hydrogen sulphide being rapidly passed into a 
boiling solution for 15 minutes. After dilution 
with an equal volume of hot water the gas is 
again passed for 10 minutes, the mixture boiled 
for a few minutes and gassed for a further 
10 minutes. The sulphide is filtered after one 
ho\ir and washed with 1% sul])huric acid 
saturated with hydrogen sulphide. For purpose 
of estimation it mav bo ignited to MoO, at 
loO^-SOO”. ' 

If tungsten or vanadium is present the 
precipitation is carried out in the presence of 
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tartaric acid, in which case the wash solution also 
contains 2% tartaric acid. 

Molybdenum sulphide may also be precipitated 
from alkali or ammonium sulphide solutions by 
the addition of enough sulphuric acid to form a 
2% excess. Hydrogen sulphide is passed into 
the acid solution for 10 minutes, and the sul- 
phide filtered after 2 hours on a water bath. 

Formic acid may replace tartaric acid when 
tungsten is present and has the advantage of 
being easily removed should it bo necessary to 
make an ammonia precipitation in the filtrate. 
In this method the alkaline solution is neutralised 
with 80% formic acid, an excess of freshly made 
ammonium sulphide added followed by 5 ml. of 
formic acid per 100 ml. of solution. The 
sulphide is filtered after allowing to settle on a 
steam bath and washed with 5% formic acid 
and estimated as M 0O3 or by one of the methods 
given below (Koppel, Chem.-Ztg. 1924, 48, 801 ; 
Sterba-Bohm and Vostfebal, Z. anorg. Ghem. 
1920, 110, 81). 

Arsenic may be separated from molybdenum 
by distillation as AsC I3 (see Arsenic, p. 599), while 
antimony may be rapidly removed by boiling a 
hydrochloric acid solution with sheet lead 
(Schoeller and Powell, “ Analysis of Minerals and 
Ores of Rarer Elements,” 1919). 

Estimations of Molybdenum. — ( a) As Lead 
Molybdale . — The solution, slightly aeid with 
acetic acid, and containing about 0-1 g. of molyb- 
denum per 200 ml., is heated to boiling and 
treated drop by drop with a 4% solution of lead 
acetate in 1% (by volume) of acetic acid. A 
milky solution is obtained which clears some- 
what when excess of the lead salt has been 
added. It is desirable to avoid any con- 
siderable excess of precipitant and so the mixture 
is boiled for a few minutes, allowed to settle, 
and the clear solution tested by using a fresh 
tannin solution as external indicator. An excess 
of 2 ml. of lead acetate is finally run in, the 
precipitate allowed to settle for about 30 
minutes on a steam bath, and the clear liquor 
decanted through paper or a Gooch crucible. 
The residue is washed first by decantation, then 
on the filter, with hot 2% ammonium nitrate. 
It is ignited at a low red heat and weighed as 
PblVloO^. 

Appreciable amounts of chlorides or sidphates 
should be absent, but if present the precipitate 
should be dissolved in hydrochloric acid, neutral- 
ised with ammonia as far as possible without 
producing a permanent precipitate, and excess of 
ammonium acetate added. A few drops of lead 
acetate are then added to ensure complete 
precipitation. 

(6) Wtih a-Benzoin Monoxime (cupron). — ^The 
molybdate solution (about 0-1% M0O3), 

containing 5% by volume of mineral acid, is 
precipitated at 5°-10° with a 2% alcoholic cupron 
solution in slight excess. Bromine water is 
added until the solution is pale yellow followed 
by a little more of the precipitant. The 
precipitate is filtered with the aid of a little 
paper pulp and washed with an acidified solution 
of the reagent. It is slowl3'- charred in a 
platinum crucible, ignited to constant weight at 
500° and weighed as M0O3 (Knowles, Bur. 
Stand. J. Res. 1932, 9, 1). Vanadates and 
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chromates, if present, must first be reduced icith | 
sulphur dioTide or ferrous sulphate irhOe 
antimony does not interfere. 

{c) IPi/A Oxine . — The neutral solution of alkali 
molybdate is acidified with a few drops of 2A'- 
sulphuric acid, 5 ml. of 2A'-ammonium acetate 
added, and the liquor diluted to SO-100 ml A 
fi% solution of oxine in 4A’-acctic acid is then 
added to the boiling solution until the super- 
natant liquid IS perceptibly jellow. After 
boding and stirring for a few minutes, the 
precipitate is filtered on to a filter cniciblc, 
washed with hot water until free of the reagent 
and dried at 130°. It is weighed as 
MoOj{C,HgON)j, which contains 2308% 
Mo. This method provides a separation from 
rhenium (Geilmann and Wcibke, Z anorg Chem. 
1031, 199, 347 ; Goto, J. Chem. Soc Japan, 1935, 
68, 314). 

Tungsten. — Easily separated from those 
metals which are precipitated by sodium 
hydroxide or the carbonates and which, after 
fusion with sodium carbonate, aro insoluble m 
water ; tungsten is generally ehmmated, however, 
by precipitation of tungstic acid on beating with 
mineral acids, cinchonine bemg added to ensure 
complete deposition La^e amounts of alkali 
salts retard the precipitation. 

Separations from molybdenum, niobium, and 
tantalum are gn cn under these metals, whereas 
molybdenum may also be removed by heating 
the oxides at 270® m dry hydrogen chloride, 
at higher temperatures (about 700°) tungsten is 
olso xolatilisM In the ordinary course of 
analysis tungstic oxide tends to separate with 
silica , precipitation is incomplete but the tn- 
oxide BO oDtAincd may be recovered by 
rolatili’ing Che silica with hydrofiuoric acid 

In the estimation of the element in its 
nunerali, the very finely ground material (1 g ) 
IS heated successively with bydroebtone acid 
and aqua regia, the resulting mixture being 
evaporated to a small bulk and then diluted 
with hot water (200 ml ). After boiLng for 
30 minutes the precipitation is completed by 
adding a 10% cinchonine solution m 3-4.V- 
hydrochlonc acid The tungstic acid is collected 
on a filter, woshed with dilute cinchonine 
hydrochlonc acid solution, and then dissolved 
in a little ammonia with the addition of some 
ammonium chloride (1 g.). The solution is 
filtered, any residue is ignited, fused with 
sodium carbonate, the fusion extracted with 
water, i nd the solution boiled with a bttle 
ammonium cblonde. The filtrate is acidified, 
boiled, and any tungsten precipitated with 
cmchonine which is treated as above, the 
resulting ammonia solution being added to the 
main quantity. This ammoniacal liquor is boiled 
until free from ammonia, diluted to 200 ml , 
heated with a few ml. of hydrochloric acid, and 
the tungsten reprecipitated with ciocbonine. 
The precipitate is collected, washed as before, 
and ignited to WOj. The tnoxide is heated 
with a few ml of hydrofluoric acid and 2 or 3 
drops of sulphuric acid, dned, relgmted. And 
weighed. 

The product may still contain molybdenum, 
which 13 removed byfusionwith sodium carbon- 
ate and a little nitre, extracted with water. 


and the molybdenum separated as sulphMe 
in the presence of tartanc or formic acid («« 
Molybdenum). The amount of moljMenum 
tnoxide so obtained is deducted from the Wfi'’ht 
of tungstic oxide. ° 

Estimation or Tuncstes.— ( a) IlMA-ranRia 
and Antipyrtne . — ^To the dilute tungstate 
solution, containing not more than 0 15 g. 
WO, in 200-3(X) ml , is added 2-3 mi. of strong 
sulphuric acid per 100 ml. and 5-8 g. of 
ammonium sulphate. The boiling solution is 
treated with sufficient 10% aqueous tannin to 
provide 3-4 times as much tannin as WO,, 
kept on the steam bath for some time, and then 
allowed to cool to 15°. A 10% antipynne 
solution is added with stirring (about G g per 
1 g of WO,), the precipitate filtered and washed 
with A solution containing 5 ml. of sulphuric aeid, 
50 g of ammonium sulphate, and 2 g of anli 
pyrine per htre. It is then ignited to WO,. 
Aluminium, manganese, zinc, cobalt, iron, and 
chromium do not interfere, although with the 
last two rcprecipitation is advised (Moser and 
Blaustein, Monatsh 1920,62,351). 

(6) H itA Tannin and Cineftonine . — Tho tung- 
state solution, which should contain alkali 
chloride and be neutral to phenolphthalein, is 
treated with a solution of 0 5 g of tansin and 
sufficient dilute hydrochloric and to male tbs 
solution }ust and to litmus The mixture is 
gently boiled for 5 minutes during which tbs 
original colourless precipitate becomes dark and 
flocculates 5 ml. of 5% cmchomne hydro- 
chloride solution IS addra to complete tho 
precipitation and the mixture again boiled for 
5 minutes After settling for 8 hours it is 
filtered with the aid of paper pulp, washed with 
5% ammonium chloride containing a littlo tannm 
(any white turhidily in filtrate being ignored), 
and igiutcd to WO, (Schoeller and Jabn, 
Analyst. 1927, 62. 504). 

(c) H t/A Benzidine — The neutral tungstate 
solution containmg about 0 3 g. of WO, per 
200 ml 13 treated with 10 ml. of 0 UV aulphunc 
and, boiled, and a 2% solution of benzidine in 1% 
hydrochlonc and is added (10 ml for each 0 1 g 
of WO,) On cooling, the mixed precipitate of 
benzidine sulphate and tungstate is filtered, 
washed with a solution containing 10 ml. of 
I the reagent in 300 ml water, and ignited to WO, 
(von Knorre, Ber 1905, 38. 783). 

Jilek and his co-workers have elaborated 
methods of estimating tungsten in the presence 
of vanadium, using a complex quinine arseno- 
tungstate, and m the presence of stamiic tin by 
means of oxine in the presence of ammonium 
oxalate (Chem. Listy. 1930, 24, 73 j Coll. 
Czech. Chem. Comm. 1933, 5, 136). 

Uranium. — Normally uranium belongs to the 
Analytical ammonia group, bemg precipitated 
as ammonium uranate, but precipitation w only 
complete m the absence of carbon dioxide and 
vanadium. Sodium hvdroxide also quantita- 
tively precipitates uranium, but again carbonates 
interfere so that no precipitate is given by sodium 
or ammonium carbonate. This fact enable* 
uranium to be separatctl from all metals ginnff 
insoluble carbonates or hydroxides with alkali 
carbonate. . , 

Separation from the copper group is achieved 
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by precipitating these with hydrogen sulphide 
in tlie presence of tartarie acid and from the 
arsenic group by precipitating uranium sulphide 
with ammonium sulphide. Tartrates and 
carbonates prevent the precipitation and so the 
use of either one or other of these permits the 
removal of Fe, Al, Ti, Zr, Co, Zn, etc. 

Iron, vanadium, titanium and zirconium may 
be separated from sexavalent uranium by pre- 
cipitation with cupferron in dilute sulphuric 
acid solution. Reduction of the uranium 
to the quadrivalent state now permits its pre- 
cipitation with cupferron, which serves to 
separate it from aluminium, chromium, man- 
ganese and phosphorus. This method, also 
permits of an estimation of in the presence 
of U’*, a determination which can also be made 
by precipitating U''^ as the insoluble fluoride. 

Uranium may also be determined in the 
presence of vanadium as uranyl pyrophosphate 
after precipitation as the ammonium phosphate. 
For this purpose the dilute sulphuric acid solu- 
tion is treated with twice as much ammonium 
phosphate as there is UjOg present, the solution 
boiled, made alkaline with ammonia, and again 
boiled. The precipitate is filtered, washed with 
water containing ammonium sulphate, and 
ignited at low redness to (UOjljPgOj- 

Estimation ofUeanium. — (a) As UgOg. — To 
a dilute sulphuric acid solution of uranyl sulphate 
(not more than 1%) containing no carbon dio.xide 
or organic matter are added a few drops of 
methyl red and, after boiling, sufficient carbon- 
ate-free ammonia to turn the solution yellow. 
The precipitate is filtered with the aid of paper 
pulp, washed with 2% ammonium nitrate 
solution, dried, and ignited in a platinum 
crucible at as low a temperature as possible 
until all the carbon is destroyed and then 
strongly over a M6ker burner and in a slanting 
position to permit- free access of air. It is 
cooled and weighed as UgOg (U =84-8%). 
In many cases it is advisable to estimate the 
precipitate titriraetrically in order to make 
certain of its purity (Lundell and Knowles, 
J. Amer. Chem. Soc. 1925, 47, 2637). 

(6) Wilh Tannin. — The neutral or faintly acid 
solution or a suspension of ammonium diuranate 
is heated to boiling and treated with tannin, 
followed by sufficient sodium acetate to neutralise 
any mineral acid, and ammonium chloride or 
nitrate to flocculate the precipitate. Alter- 
natively a slightly ammoniacal ammonium 
acetate solution may be added. The pre- 
cipitate is collected, washed with 10% aqueous 
ammonium nitrate containing a few drops of 
ammonia and a little tannin, and ignited, first at 
a low temperature and finally at 1,000° to form 
(P- N. Das-Gupta, J. Indian Chem. Soc. 
1929, 6, 777). 

(c) IF ith Oxinc. — ^The uranyl chloride or nitrate 
solution made neutral with ammonia is treated 
with 1-2 g. of ammonium acetate and sufficient 
acetic acid to give a 5-10% acid solution. 

P I’offing there is added a 5% solution 
of oxine, the precipitate is filtered on to a filter 
crucible, well washed with hot water, dried at 
110°, and weighed as 

UO„(CgHgON)g,CgHjON, 
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which contains 33-8% of uranium (Hecht and 
Reich-Rohrwig, Monatsh. 1929, 53, 596). 

Eor a rapid determination of uranium in 
camotite, see J. Ind. Eng. Chem. 1922, 14, 531. 

Fluorine. — Fluorine in rocks and minerals 
is generally estimated in the filtrate after 
removing silica by either the Berzelius • or 
Hoffman-Lundell method {see Silicon, p. 594). 

In quantitative analysis it is usually separated 
as calcium fluoride, although the method is not 
ideal in that the precipitate is slightly soluble. 
Carnot’s method of attacking fluorides with 
sulphuric acid and silica, absorbing the evolved 
SiF^ in concentrated aqueous potassium 
fluoride, and weighing the precipitated KgSiFg, 
generally gives low results which are stated by 
Herlemont and Delabre (Compt. rend. 1933, 
196, 1502) to be due to loss as HF. This 
difficulty is avoided when silica is replaced by 
ferrosilicon (containing 75% Si) which is much 
more reactive. Besides weighing as KgSiFg it 
is also possible to estimate the SiOg formed by 
hydrolysis. 

For a rapid estimation of fluorine in glasses, 
etc., 0-5 g. of the powdered and dried sample is 
fused with potassium carbonate (6 g.), the melt 
leached with hot water, filtered, and the residue 
washed thoroughly. The filtrate and washings 
are diluted to about 200 ml. and there is added a 
solution of 1 g. of zinc oxide in 20 ml. of iF-nitric 
acid. The mixture is boiled for one minute, 
filtered, and the precipitate washed with hot 
water. Fluorine in the filtrate is then deter- 
mined as below. 

Estimation op Fluorine. — As PbClF. — The 
neutral or alkaline solution containing 0-01- 
0-1 g. of fluorine is treated with a few drops of 
bromophenol blue, 3 ml. of 10% sodium chloride 
solution, and enough water to make up to 250 ml. 
Dilute nitric acid is added until the colour is 
just yellow and then dilute sodium hydroxide 
until it just changes to blue. Concentrated 
hydrochloric acid (1 ml.) and lead nitrate 
(5 g.) are added and the mixture heated on the 
steam bath until the solid is dissolved, when 
crystallised sodium acetate (5 g.) is added with 
vigorous stirring. After digesting on the steam 
bath for half an hour the precipitate is allowed 
to settle overnight and filtered on to a filter 
crucible. It is washed once with cold water, 
then four or five times with a saturated solution 
of lead chlorofluoride, then once noth cold water, 
and dried at 120°-150°. PbCIl; contains 7-26% 
F (Hoffman and Lundell, Bur. Stand. J. Res. 
1929, 3, 581 ; Fischer and Peisker, Z. anal. 
Chem. 1933, 95, 225). Fluorine may also be 
precipitated as lead bromofluoride (Vasiliev, 
J. Appl. Chem. Russ. 1936, 9, 747). 

Chlorine, Bromine and Iodine. — ^The 
halogens are usually separated as their silver 
salts. Cyanides and thiocyanates interfere, 
but volumetric procedures are available which 
permit estimation in the presence of these 
substances. Hj-drolysis products of compounds 
of antimony-, tin and bismuth may also con- 
taminate the precipitates, but these metals can 
be easily removed by precipitation methods. 
Mercury and chromium which form non-ionised 
or partially ionised halides must also be 
separated. Mercuric halides may be triturated 
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with zinc dust in a little water until no further 
change takes place, when the halogcQ niay be 
estimated m the ilUrate. Mercurous chloride 
may be digested with sodium hydroxide, while 
insoluble halides such as those of stiver or lead 
must be fused with sodium carbonate and the 
fusion extracted with water. I’lafmic chloride | 
should bo reduced to platinum as it m partially I 
carried down with the silver precipitate. I 

Separation op Chlorine, Bromine, asd| 
Iodine. — Numerous procedures arc available; 
for such separations and thej* may be roughly 
divided into three classes. (1) Indirect methoch 
m which it IS necessary to secure as manj 
independent relationships as there are radicals I 
present. (2) Differential oxidation whereby | 
iodine IS first removed by a mild oxidising agent 
which will not affect bromides or chlorides, 
this 13 followed by the oxidation of bromide to 
bromine and its removal, leaving chloride to be 
estimated in the residual hquor (3) Precipila 
tioniuethods. TheonJ^ exaiupleof this method 
at present available is the separation and 
estimation of iodine as palladous i^ide 
A. Estimation op Chlorine and Bromine 
IN Mixtures op the Two Halides — (I) is 
direct methods . (a) The two halides are pre 
cipitated as silver salts, filtered on to a sintered 
glass crucible, washed, dned and weighed 
Theprecipitateis then removed from the crucible 
to beaker with a little water and treated with 
00 ml, of 7-8% ammonia which has been run 
slowly once or twice through the crucible. The 
silver chloride and some of the bromide dissolves 
and after occasional stirring for half an hour 
potassium bromide is added The liquid is 
warmed to remove most of the ammonia, 
acidified with nitric acid, and the silver bromide 
filtered on to the original crucible, washed, dnctl, 
and weighed as AgBr. The increase m weight 
multiplied by 3 1031 gives the weight of silver 
chloride, whence from the weight of the com 
bined siirer hahdea may be found the weight 
of silver bromide (Longinescu and Pirtea, Bull 
de Chini. Pure ct Appl. 1928, Nos 4-6) 

(6) Alternatively, the mixed silver habdes may 
be dissolved in a hot saturated solution of 
otassium bromide, and reprecipitatcd as silver 
romide by diluting and adding mine acid 
(Pirtea, Z. anal Chem. 1934, 90, 263). 

(c) Again the weighed silver habdes may be 
reduced with pure zinc and dilute sulphuric acid 
and the resulting silver either weighed os such or 
dissolved m nitnc acid and estimated. If x 
is the weight of the mixed hahdes and y is that 
of the silver obtained, then the amount of silver 
. , , 0 75262x-y 

bromide present la given by ' o )78l» 

(Bougault and Cattelain, Ann Chim. Analyt. 
1932, (11). 14, 2S9). 

(2) OXIDATION METHODS — (o) JVifA TeUurK 
A ci’d. — 0 5 g. of the mixed bromide and chloride 
and 1 g. of telluric acid arc placed in a small 
distOling flask fitted with a ground stopper 
carrj'ing a separating funnel the stem of which 
reaches to the bottom of the flask. Water 
(40 ml.) is added followed by 10 ml. of aulphunc 
acid (1:1). The mixture is then gently boded 
while a slow current of carbon dioxide is passed 
through untd the v olume is reduced to 17-18 ml. 


The evolved bromine is collected in sulphurous 
acid and estimated ns AgBr, while the chloride 
in the residue is alM) Ueteniimcd (Gooch and 
cole. Amcr. J. Sci 1914, (iv.), 37, 237). 

Other oxidising agents which may he used ire 
mtrous acid or ferric sulphate. 

(6) ff'i/A Hydrogen I'fToxtdt — The mixed 
halides in 10 ml. of solution are placed m a 
seiKirating funnel, covered with 100 ml of h-ht 
petroleum and treated with a mixture of 5-C ral 
of concentrated sulphuric acid and 2-3 ml of 
hydrogen peroxide. The stopjiered funnel is 
shaken vigorouslj at intervals for 30 mmules, 
the aqueous laver lemoved, and the petroleum 
lajei washed 2-3 times with a little water, 
chlorine being estimated on the corahmed 
aqueous material. The petroleum hver is 
treated with 40 ml of amjl alcohol and with 
successive small amounts ol sodium until 2 g. 
has been added, the resulting NaBr bemg 
extracted with water. More sodium is then 
addeil and the extraction repeated; this pro- 
ceduic IS repeated a third time, after which 
bromine is estimated in the combined aqueous 
extracts (Longinescu and Prundeanii, Bull 
Sci Acad Rounuine, 1933, 17, Nos. 3-1, 1) 

B. Chlorineand Iodine — (1) Of the indirect 
methods the ones given under A (1) (a) and (&) 
above are also available here witli the necessary 
modification of the uso of potassium iodide 
instead of bromide The increase m weight 
X 1 5b7 gives the weight of silver chloride. 

(2) Oxidation methods are numerous, for 
iodides are easily oxidised to iodine. Nitrous 
acid, feme sulphate and potassium lodate are 
the conimonest. The iodine may be collected 
m cooled aqueous sulphur dioxide or S% 
caustic soda. In the latter case if nitrous acid 
was used hydrogen peroxide is added to the 
alkaline ohsorbent m order to oxidise nitrites to 
nitrates After removal of excess of peroxide the 
solution IS acidified and treated with sulphur 
dioxide. 

(3) PmipiiafiOR of Jodins a$ Pdlj — To a 
l%(hy volume) hydrochloric acid solution of the 
alkabhobdes 13 added a shght excess of palladous 
chloride solution and the mixture left for 24-lS 
hours. The precipitate is filtered on to a tared 
Gooch crucible, washed with warm water, and 
then with a very little alcohol. It is sucked 
dry and heated to 90® for one hour, being w cighcd 
as Pdlj. It is somewhat more accurate to 
heat gradually to 1,000® in a current of hydrogen 
and weigh as Pd, but the metal must not be 
allowed to cool in hydrogen. It is finilly 
moistened with alcohol, which is then allow ed to 
bum oR, cooled in a desiccator, and weighed. 
Chlorine is determined from the weight of 
mixed Sliver hahdes precipitated from another 
sample of the original mixture. 

C. Bromine and Iodine. — (1) (a) Method 
A (1) (a) can also he used in this case, but it i* 
necessary to employ 25% ammonia to dissolve 
the silver bromide, the solution being then 
treated with potassium iodide and nitric acid 
after removal of most of the ammonia. 

(4) The procedureof A (1) (4) is also available, 
a saturated solution of potassium iodide Wing 
used. The increase in Kcightx3 9S9=weigbt of 
AgBr. 
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(2) Ferric ammonium sulphate or nitrous 
acid will oxidise iodides and not bromides in 
acid solution and so the iodine may be removed 
and estimated. The latter oxidant does not, 
however, give accurate results if the amount of 
iodine is small compared with that of bromine 
present. 

(3) The iodine may be determined as palladous 
iodide. 

Estlmation of Chloeine, Beomine, and 
Iodine. — (1) (o) The procedure of A (1) (6) and 
C (1) (6) may be combined when all three halides 
are present. The mixed silver salts (AgCl+ 
AgBr+Agl) are treated with hot saturated 
jiotassium bromide which converts the AgCI 
to AgBr .so that the resulting precipitate then 
becomes AgBr+Agl. Saturated potassium 
iodide now converts the bromide to iodide giving 
the third required relationship (AgL). 

(b) One of the best indirect methods is that of 
Bekk (Chem.-Ztg. 1915, 39, 405), in which the 
halide solution is divided into two equal parts 
and each part is precipitated with silver nitrate. 
The mixed silver halides in one part (0-3-0'4 g.) 
are washed, dried and weighed (AgClq- AgBr+ 
Agl), while in the second they are only washed, 
after which they are treated with a solution of 
potassium diohromate (2 g.) in sulphuric acid 
(30 ml.). The mixture is heated at 95° for 
.30 minutes and towards the end a slow current of 
air is blown through the solution. Chlorine and 
bromine arc thus removed while iodide is 
converted to iodatc. The solution is diluted, 
liltercd, made up to about 300 ml., and a strong 
solution of sodium sulphite added in slight 
excess, that is until only a faint smell of sulphur 
dioxide is noticeable after stirring and settling 
for 10 minutes. The precipitated silver iodide 
is collected and weighed and the silver in the 
filtrate and washing is then estimated as iodide. 
From the three weights so obtained the amounts 
of each halogen can be calculated : 

Cr+Br'+r+Ag' -> AgCI+AgBr+ Agl (1) 
Agl AglOj -> Agl (2) 

AgCI+AgBr Ag d-Cl24-Br2 

Ag'+I' Agl (3) 

(2) (a) A suitable oxidation procedure is the 
following. The neutral halide solution, con- 
taining not more than 0-25 g. of each of the 
halides and which should preferably be reason- 
ably free from other salts, is diluted to 700 ml. 
and treated with 2-3 g. of sodium nitrite and 
1'5 ml. of concentated sulphuric acid. The 
solution is boiled until all the iodine is expelled 
(about 45 minutes), but the volume of the liquor 
should not bo reduced to less than 500 ml. The 
iodine is collected in alkaline hydrogen peroxide 
ns under B (2) above, and estimated. 

The residual liquid is made faintly alkaline, 
evaporated to 50 ml., ])laced in a suitable 
distilling flask, and neutralised, w’hcn cold, 
with dilute acetic acid (1:2), after which 
there are added 05 ml. in excess and 1-1-5 g. of 
potassium permanganate. A slow current of 
.steam is passed into the flask until the bromine 
has been expelled (about one hour), the halogen 
being collected as in the absorption of iodine. 

Chlorine may be estimated in the residual 
liquor or from the weight of the mixed silver 
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halides as determined in another portion of the 
original mixture. 

Cousin and Dufoiir (J. Pharm. Chim. 1930, 
(viii), 12, 439) recommend ferric ammonium 
sulphate or acetic acid and lead peroxide as the 
oxidising agents. 

(3) The halide solution is divided into three 
portions, in the first of which iodine is estimated 
as palladous iodide. A second portion is 
titrated with standard silver solution, while in a 
third portion chlorine is determined by the 
method of Stschigol (Z. anal. Chem. 1933, 92, 
420). To this solution (10 ml.) is added 3.5^0 
ml. of 2% aqueous ammonia followed by the 
exact amount of silver nitrate to react with all 
the halide as determined on the second portion. 
The precipitated AgBr-fAgI is removed and 
washed. The filtrate which contains all the 
chloride is treated with 3-4 g. of sodium carbonate 
•and 1.5-20 ml. of sodium arsenite solution (8 g. of 
As 20 a and 21 g. of NajCOg per 100 g. of 
solution). The liquor is boiled until all the 
precipitated silver arsenite is reduced to silver, 
this being filtered off, washed, dissolved in 
nitric acid, and estimated as usual. 

Estimation of Chloeineas SilveeCiH/Oeide. 
— It is preferable to have the halogen in the form 
of alkali chloride or hydrochloric acid and to 
dilute the solution until the concentration in 
respect of chlorine is about 0-05%. With 
continual stirring there is added a slight excess 
of silver nitrate solution (0-1-0-3A^-) containing 
1 ml. of nitric acid per litre. The liquor is 
heated to 60°, tested for complete precipitation, 
and left for some hours. The supernatant liquor 
is filtered through a filter crucible, the pre- 
cipitate washed by decantation with water 
containing a trace of silver nitrate, transferred 
to the crucible and again washed with 1% 
(by volume) nitric acid and finally with water. 
It is dried first at 100° and then at 130°, or for 
rapid work the precipitate is washed finally 
with alcohol and ether, dried at 100°, and 
weighed as AgCI. 

The operation should bo carried out as far as 
possible by artificial light. 

Estimation of Beomine. — The procedure is 
exactly the same as that for chloride excepting 
that the precipitate must be freed entirely from 
nitric acid and that silver bromide is even more 
sensitive to light than the chloride. 

Estimation of Iodine. — Silver iodide show.s 
a considerable tendency to adsorb any salts, 
including silver nitrate, which may bo present, 
and therefore precipitation is carried out with 
very dilute silver nitrate solution (0-5-1%), 
the iodide solution being correspondingly dilute. 
Although it is necessary to remove all nitric 
acid, yet the minimum amount of water to 
achieve this end should bo used. Silver iodide is 
less sensitive to light than the chloride or 
bromide. 

Hypochlorites and Chlorites. — These 
may be reduced to clJoridc with sulphur 
dioxide, but are best estimated by volumetric 
methods. 

Chlorates. — Chlorates are easily reduced to 
chlorides and may be determined as such, the 
common reducing agents being sulphur dioxide, 
ferrous sulphate or zinc : 0-2 g. of the chlorate 
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in 100 ml ofwatcr is treated mth sulphur dioxide 
and the solution then boiled to remove excess of 
the gas. The liquid is made slightly add with 
nitric acid and silver chloride precipitated as 
given above In the cuso of ferrous sulphate 
there is added to the chlorate solution 50 ml. of a 
10% solution of FeSO^.THjO, the liquid heated 
to boding while stirring and then boiled for 
15 minutes. The precipitated basic ferric salt is 
dissolved with nitne acid and the chloride then 
estimated in the solution. I'or the reduction 
with zinc, excess of this metal is added to the 
solution which has been made distinctly acid 
with acetic acid and the mixture boiled for one 
hour. Unused zinc is dissolved with mtnc acid, 
the liquid filtered and treated with sdver nitrate 
A quicker method la to shake the cold solution 
acidified with sulphuric acid (10 ml of 50% 
acid) for 10 minutes with amalgamated zinc 
(Popov, Ukrain. Cheni J. 1033, 10, 413). 

Perchlorates. — Perchlorates are usually 
igmted to chlorides, but losses occur unless the 
Ignition IS tarried out w ith the aid of ammonium 
chloride. 0 2-*0 5 g. of the perchlorate is mixed 
with 2 g. of ammonium chloride in a platinum 
crucible fitted with a lid The contents arc gently 
Ignited for li-2 hours and the pioccduie then 
repeated. In driv mg o(I the ammooiuni chloride 
the temperature must not reach the fusing point 
of ]Kitassium chloride, otherwise the crucible is 
attacked The weight of perchlorate is found 
either from tue loss in weight or by a deter* 
mination of the resulting chloride Platiuuro 
catalyses the decomposition which is only 
complete in other crucibles when a traceof 
platinio chloride is added. Perchlorates 
are not readdy reduced to chlorides m aqueous 
solutions but tuanous sulphate has been 
recommended for this purpose. 

Perchlorates which are soluble in alcohol and 
the metallic radicals of which do not give 
acetates insoluble in this medium may be 
estimated by addmg a cold saturated solution of 
potassium acetate in alcohol (d ml ) to the 
solution of the perchloiate in this solvent. The 
piccipitated KCIO4 is collected and dried at 
130'. Ammonium salts must he absent (Smeets. 
'c-aVxrarnVivTnihi Tijis Yb3i, 

Mixtures of chlorides, chlorates, and (>cr 
chlorates may be estimated by determining 
(a) the rhlondo chlorine, (6) reducing with 
sulphur dioxide or ferrous sulphate from which 
the chlorate rlilorinc+chlondc chlorine is found, 
and (c) Igniting with ammonium chloride, 
whereby the total chloiinc is obtained. 

Bromates. lodates and Periodates — 
These are most conveniently estimated by 
volumetric procedures, but tliej may also be 
reduced to bromides and iodides and determined 1 
as such. I 

Mixtures of chlorates bromates and iodates 
may Lc reduced to tlio corresponding hxhdea 
and then estimated by one of the procedures 
given under the halogens. 

Manganese. — It is moat usual to e:>tiinate 
manganese by volumetric or colorimetric 
methods, in which ease separations areofsecon* 
dary importance. 

The removal of the first three analytical 
groups causes no dilhculty provided that the 


aluBunium group is precipitated m theabsenceof 
elements such as phosphorus or vunadiuin. 

Zinc may be separated by precipitation as 
sulphide fiom acetic or formic acid solutions, 
while nickel is removed with dimcthylglyoxime. 
Cobalt may be precipitated either as potassium 
cobaltmitrite or by means of phenyl thio- 
hydantoic acid. 

Manganese can also be separated from a brgo 
nnmber of elements by precipitation as dioxulo 
by mtnc acid and potasshini chlorite. The 
solution, which should preferably contain only 
nitrates, is evaporated to a syrup, diluted with 
100 ml of mtnc acid, and the liquid boded in a 
coveret! beaker for a few muiutes, after which 
5 g of potassium chlorate are added in small 
portions Boding is continued until the volume 
has reached 25 ml , when 40 ml of cold water 
are added and the solution cooled rapidly. Ihc 
dioxide IS Hltcrcd and washed cither with cold 
colourless mtnc acid orwitlidistdledwatoi atO . 

Precipitation of manganese with ammonium 
sulphide provides a good sepaiation fiom the 
alkalis and alkaline earths. 

ESTiaATiON or JIoiiOAjiESE — No graviinetne 
estimation is satisfactory, but where such a 
procedure is desirable the ammonium plioxpliate 
method is generally recommended. 

(«) At MrijPjO, — 200 c c of the and solu 
tion, not stronger than 01% with regard to 
manganese, is treated with 20 g of ammonium 
chlondeand 1-2 g of ammonium phosphate and 
then heated to boiling Any precipitate is cleared 
with hydrochloric acid and dilute aiumonu 
added drop by drop with stirring When 
the precipitate begins to form the addition of 
alkali IS suspended until on stirring the phospbats 
becomes crystalline This alternate aduitKin 
of ammonia and stirring is continued until no 
more precipitate is formed, the solution being 
boiled the whole time. A further addition of 
0 5 ml. of ammonia is made and the solution 
then cooled to 0* ond left for 2 to 3 hours The 
manganese ammonium phosphate is filtered on 
to paper, washed with hot 1% ammonium 
phosphate, and finally with C0% alcohol It w 
dried, carefully ignited at low temperature 
un'ti'i aYi carbon is oxiftax'fi, imA 
1,000° Mn,PjO, contains 38 7U% Mn (Gooch 
ond Austin, Amer. J. Sci 18D8, Jiv], 6. 233; 
Nuka, Latvij. Univ Kdksti, 1931, 2, 1) 

Rhenium. — For analytical purposes rhenium 
IS usually converted into theheptadic per-rbenate 
(HReO<); if the metal w m a lower state cf 
valency it is easily oxidised either with alkaline 
hydrogen peroxide or, in the case of insoluble 
products, by fusion with sodium carbonate and 
peroxide. . , 

Rhenium belongs to the second analytical 
group and forms a sulphide Re^S, m strong 
acid solution (3-4.V.). It is easily separated 
from most elements by taking advantage 
of the sparing solubility of the potaawuie, 
silver, and thallium per-rhenates or ot the great 
solubdity of the sodium salt. 

The most important separation required u 
that from molybdenum, with which it w 
frequently associated in nature («?. molyu 
dcnite). A mocleratcly complete separation 
from considerable amounts of molylxlcnutn 1 
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achieved by distilling the rhenium from 
sulphuric acid (80%) heated at 180°-200°, 
and into which hydrochloric acid is distilled.. 
The rate of distillation of the rhenium is some- 
what slow and it is necessary to replenish 
the hydrochloric acid by passing in hydrogen 
chloride during the process. The acid distillate 
is adjusted to 3-4A- and rhenium sulphide 
precipitated with hydrogen sulphide (Geilmann 
and Weibke, Z. anorg. Chem. 1031, 199, 120). 

A more complete separation (99%) is afforded 
by precipitating molybdenum as 2 : 2'-dipyridyl 
molybdate (unpublished work). 

In either case the last traces of molybdenum 
are removed by precipitating with oxine as 
given under Molybdenum. Rhenium in 'the 
filtrate is estimated with nitron. 

Estimation op Rhenium. — As Nitron Per- 
rhenate. As separation with hydrogen sulphide 
often precedes this estimation, this precipitation 
will also bo described ; 

The solution of septavalent rhenium containing 
30-35 ml. of concentrated hydrochloric acid per 
100 ml. of solution is heated to 90°-95° and 
hydrogen sulphide passed in for 2-2J hours. 
The black sulphide is then filtered on to an 
asbestos pad in a tube resembling . an AUihn 
tube, washed with 5% hydrochloric acid 
saturated with hydrogen sulphide, and then 
the pad and precipitate pushed with a glass rod 
into the vessel in which the precipitation took 
place and from which it is unnecessary to remove 
all the precipitate. The tube is washed out with 
water, then with a little water containing 1 ml. 
of sodium hydroxide and 2 mi. of hydrogen 
peroxide (30%) to remove the last traces of 
sulphide, and finally with more water. These 
washings are run on to the bulk of the pre- 
cipitate and 2 ml. of sodium hydroxide and 
3-4 ml. of peroxide are further added. Thw 
covered vessel is sot aside for 2-3 hours during 
which time the sulphide is oxidised toper-rhenate, 
the liquor boiled to remove excess of peroxide, 
filtered, and filtrate and washings evaporated 
to a few ml. The residual liquid is filtered 
through a small funnel, washed, and the filtrate 
made up to 60-70 ml. It is neutralised and an 
excess of 1 ml. of 2iV-su]phuric acid added, 
heated to 60°, and freshly filtered 5% nitron 
acetate added to provide a solution estimated 
to contain 0-3-0-4% of free nitron (8 ml. of 
reagent for OT g. of Re in 50 ml. of solution). 
The mixture is cooled in ice for 2 hours with 
occasional stirring and filtered on to a filter 
crucible, the cold filtrate being used to transfer 
the precipitate. Washing is done with 10-20 ml. 
of ice-cold 0-3% nitron acetate solution in 3-5 
lots and finally with 2-3 ml. of an ice-cold 
saturated solution of nitron per-rhenate. The 
precipitate is dried at 110° for 2 hours and 
weighed as CjoHjjN^HReOj (Re=33-06%) 
(Geilmann and Voigt, Z. anorg. Chem. 1930, 
193, 311; 1931, 195, 289; Geilmann and 
Weibke, I.C.). 

Iron. — Precipitation -with hydrogen sulphide 
m acid solution removes the members of the 
first two analytical groups, after which iron may 
l>c separated from aluminium, vanadium, tung- 
sten, and similar elements by precipitation by 
sodium hydroxide. The filtration of ferric 
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hydroxide is aided by the addition of macerated 
paper pulp. 

Aluminium, chromium, titanium, etc., are 
removed by precipitating iron as sulphide with 
ammonium sulphide in the presence of ammon- 
ium tartrate. Zinc, nickel and cobalt are also 
precipitated but may be separated by the basic 
acetate process or by precipitation with ammonia 
and ammonium chloride. Hexamethylene- 
tetramine may be used instead of ammonia and 
moreover gives a more easily filtered product, 
although nickel in any appreciable amounts is 
not completely separated. Pyridine or hydrazine 
hydrate also serve to precipitate the hydroxide. 

Iron may be estimated in the presence of Cu, 
Sr, Ba, Ni, Co, Zn, Al, Cr, Cd and Cu by 
means of the sodium salt of bis-p-chloro- 
phenylphosphoric acid, (ClCgH^ljPO^H 
(Zctzsche and Nachmann, Helv. Chim. Acta, 
1926, 9, 420, 705, 979). 

Where it is objectionable iron may be removed 
as ferric chloride from many elements by 
extracting with ether. 

Estimation of Ikon. — As Fe^Oj. Although 
iron may be precipitated with ammonia as 
given under aluminium, better precipitates are 
obtained by using hcxamethjdenetetramine or 
hydrazine hydrate ; the iron must be in the ferric 
condition. 

{ 1 ) With Hexamethylenetetramine. — ^To the cold, 
faintly acid solution of ferric salt (about OT g. 
Fe in 100-200 ml.) is added 20 g. of ammonium 
chloride followed by excess of 10% aqueous 
hexamethylenetetramine with stirring. After 
settling, the liquor is decanted through a filter 
paper, the precipitate washed with hot -water, 
transferred to filter, and again washed. Any 
precipitate adhering to the vessel is dissolved in a 
few drops of hydrochloric acid and precipitated 
by ammonia. The ferric hydroxide is ignited 
at red heat to FejO, (Kollo, Bui. Soc. Chim. 
Romania, 1920, 2, 89; 1924, 6, 109; Ray and 
Chattopadh 3 'a, Z. anorg. Chem. 1928, 169, 99 ; 
Hanus and Vofisck, Chem. Listy, 1935, 29, 
288). 

(2) With Hydrazine Hydrate. — To the iron 
solution arc added 2 g. of ammonium chloride 
and enough ammonia to turn methyl red to 
yellow. The boiling solution is treated with 
a slight excess of 4% hydrazine hydrate solution 
and boiling is continued for a few minutes. The 
filtered precipitate is washed -with hot water 
containing 1 g. of ammonium chloride and 1 ml. 
of hydrazine hj'drate per 100 ml. and then with 
hot water. It is finally ignited to FejOj 
(Jilek and Vicovsky, CoU. Czech. Chem. Comm. 
1931, 3, 379). 

(3) With a-NitrosO'P-naphthol . — The reagent in 
50% acetic acid is added to the ferric solution 
which is successively neutralised with ammonia 
and rcacidified -ndth hydrochloric acid. The 
green precipitate must be ignited in an open 
crucible to Fe^Oj (Burgess, Z. angew. Chem. 
1896, 9, 596). 

(4) With p-n-Butylphenylarsinic acid. 

The iron solution (0-07 g. in 200 ml.) in 0-3- 
0-4A'-minernl acid is treated at 80° with 0-75 g. 
of the reagent in 100 ml. of water. After 
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digesting for half an hour, the cold precipitate 
is collected, washed with 0O2iV-hydrochIoric 
acid, and ignited to FCjO.. The preapilation 
permits a separation from Cu, Cd, Ni, Mn, 2n, 
Co, At, Cr (reprecipitation necessary). Mg, 
Cu. V and Be (Craig and Chandlee, J. Atner. 
Chem. Soc. 1934, 66, 1278). 

Cobalt. — Unlike nickel, cobalt is not satis- 
factorily separated from aluminium and iron by 
)>rccipitation of the latter with ammonia and 
ammonium chloride although the basic acetate 
or succinate method is successfal. Shaking a 
cobalt solution with an emulsion of zinc oxide 
serves to remove a number of elements such as 
Fe— , W (if fully oxidised), V. Cr, U. Zr, 
Ti, Al, P, As, Sn, and most of any Cu. Mo 
and Si (Evans, Analyst, 1025, 50, 389 ; Agnew, 
ibid. 1028, 53, 32; HoQman, Bor. Stand. J. 
Res. 1931,7, 883). 

Nickel may be separated by meansof dimethyl 
glyoximc or the cobalt may be precipitated with 
sodium hydroxide and hydrogen peroxide 
Nickel and manganese may also be removed 
by converting cobalt into potassium eobalti- 
nitrite. I'or this purpose the solution ahotild be 
free from metals of the first two analytical 
groups, from oxidising agents and ammonium 
salts, and should bo concentrated 2-3 g. of 
potassium nitrite, dissolved ui the least amount 
of 10% (by volume) acetic acid, is added to the 
faintly acid solution, and the muture left for 
24 hours with occasional stimng The filtered 
precipitate is washed with 5% potassium 
nitrite solution acidified with a IVw drops of 
acetic acid For purposes of estimation the 
cobaltmitnte must 1 m dissolved in hydro* 
chloric acid and potassium chromate or in 
nitnc sulphuric acid and determined by one of 
the methods given below. 

ETHOD3 or EsTniATi05.— In general, electro* ' 
lytic or volumetric methods are somewhat more 
arciinto than most gravimetric procedures. 
Ignition to the oxide '* CojO^ ’’ provides a 
I’roduct of uticci tarn composition, while weighing 
as the sulphate is condemned by some workers 
It IS probable, however, that with small 
<]iiflnti(ics and a regulated ignition temperature 
below 550® the latter method b rc.vsonably 
accurate 

(a) /Is CoSOf wiii Previous Precipitation as 
SulpAide — Colourless ammonium sulphide is 
added to the boding ammoniacal solution and 
the precipitate allowed to settle on a steam bath. 
After filtenng it is washed with cold 2^^ aqueous 
ammonium chlondc contaming a Lttio of the 
reagent and then dried carefully in a platinum 
crucible. The paper is charred at a low tempera- 
ture and after the carbon is burnt ofl the 
residue is converted to nitrate. Excess of nitnc 
acid is removed and sulphuric acid then added; 
after evaporating carefully to dryness the 
sulphate is beatra to 500°. It is allowed to 
cool, moistened with a little water, and reheated 
to drive out any occluded sulphuric acid. 

(B) IFilA l~A’ilro-fi-napAtficl. — ^The solution, 
contaming 1-30 mg. of cobalt in I0~20 ml, is 
treated with 10 drops of 30% hydrogen peroxide 
and enough sodium hydroxide to precipitate 
Co(OH),. The precipitate is redissolved fa 
10 ml. of acetic acid, the solution diluted to 


150 ml. with hot water and precipitated with 
about IJ times the requisite amount of a 1 ®' 
solution of the reagent m 50% acetic acid. Ihe 
mixture is boiled, allowed to settle, and filtered 
onto a filter crucible. The precipitate iswa^hed 
three times with 30% acetic acid and then »;jj 
hot water. It is dned at 130° to constant wemht 
and weighed as (CjpHjO NO,)jCo, which con- 
tains 9 463% Co (llayr, Z. anal. Chein. 1934 93 
402). 

o-Nitroso-^-naphthol may bo used instead of 
the above reagent, the details being otherwise 
the same. The composition of the dried ore* 
oipitate is (CibHjOjN) 3 Co, 2 HjO (Feigl and 
hlayr, Z. anal. Chem 1932, 90, 15). Nickel, 
tme, chromium and aluminium do not interfere 
With these determinations. 

Nickel. — No difficulty is expeneneed in 
Separating this metal by usual methods from all 
but the members of its own analytical group. 

Zinc maybe removed by precipitation asZnS 
m dilute sulphuric or formic acid solution (j t}, 
rnanganese by deposition as the dioxide and 
Cobalt by precipitating nickel with a dioxime 

The useofdimethylglyoxime, Me,C 3 (NOH)]. 
permits the estimation of nickel in the presence 
of many elements ; more recently a furildioximo 
has been suggested as a substitute which 
, possesses two advantages over the earlier reagent, 
namely, a greater solubility m water and a lower 
nickel content m the precipitate (11-81%) 
(Soule, J. Amer. Chem. Soc. 1925. 47, 981) 

EsTniATiojt OP Nicsel — ll’ifA BimdJiyf 
glpozme. For this determination it is advisable 
to remove the hydrogen sulphide group, sikcoa, 
and tungsten, while uon must be oxidised to the 
tervalent state. Excessive amounts of ammonia, 
Cobalt, or copper retard precipitation. 

The tuckel solution containing about 0 03 g 
of metal in 150-200 ml, and tartanc acid if 
group in elements are present, is boiled and 
ammonia added. If a precipitate occurs more 
tartaric acid u added followed by ammonia, thu 
procedure being repeated until no precipitate 
reformed. The solution is now made slightly acid 
With hydrochloric acid, heated to 70°^0®, and 
treated with a slight excess of 1% alcoholic or 
ammoniacal dimethylglyoiime (about 15 ml. for 
0 03 g ). There is now added dilute ammonia 
drop by drop until precipitation takes place 
and then a slight excess. After one hour in a 
Warm place, the precipitate is collected on s 
filt«- crucible, washed with cold water, and ^nrd 
at 120°. It is weighed as Nl(C,HnOjN|) 
w-hich contains 20 31% Ni. 

The ammoniacal solution of the reagent w 
made up in ll-12hr*ammonia. 

IMien much cobalt, zinc or manganese w 
present it is preferable to make the precipitation 
m a solution containing acetic acid and sodium 
*wta(e. If copper alone is the contaminaat it 
need not bo removed provided an excess of 
eodium hyposulphite is present. 

Nickel may also be estimated by precipitation 
W [NiPy,l(CNS), and ignition to the oxide. 
The complex pyridine thiocyanate is obtained 
when ammomum thiocyanate is added to anickel 
^lotion containing pyridine. The wash liquor 
IS a dijater solution of pyridine in water (Spse® 
and Ripau, J C.S. 1923, 124. ii. 585). 
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The Platinum Metals. — ^Minerals or alloys 
containing the platinum metals may be brought 
into solution in one of three ways : 

(а) By prolonged attack with aqua regia 
which is eminently suitable for platinum alloys 
but not effective if much iridium, rhodium 
or ruthenium is present. Moreover, any 
osmium will be lost unless precautions are taken 
to collect it in some absorbing medium. 

(б) By fusion with sodium hydroxide and 
peroxide or barium peroxide and nitrate ; it is 
sometimes advisable to give a preliminary 
fusion until zinc chloride. 

(c) By heating with excess of sodium chloride 
in a current of chlorine, although, care must be 
taken to absorb any volatile products. 

The platinum metals belong to the second 
analytical group and may thus be separated 
from all elements of succeeding groups by 
precipitation with hydrogen sulphide which is 
effected in almost boiling acid solutions and with 
a rapid stream of the gas ; even so, complete 
deposition is slow, especially in the case of 
ruthenium. It has been recommended to 
accelerate the formation of sulphide b3' 
emploj’ing the gas under pressure. 

Many elements may be removed by pre- 
cipitating the noble metals by means of reducing 
agents such as zinc or magnesium or formic 
acid. Any of the baser metals also thrown down 
are dissolved either in nitric or hydrochloric 
acid. Using hydrogen under pressure, Ipatiev 
and Tronev (Compt. rend. Acad. Sci. U.R.S.S. 
1935, 2, 29) have evolved schemes for separating 
the platinum metals in their binary mixtures. 

The tendency for most of this group to form 
relatively insoluble double compounds with 
alkali chlorides has long been used as a method 
of separation, but it is difficult to render it 
quantitative without contaminating the pre- 
cipitate. Rhodium is not precipitated by this 
method, palladium only in the presence of a 
moderately strong hydrochloric acid solution to 
])rcvent hydrolysis. Osmium and ruthenium may 
be separated from most other elements by 
distillation of their volatile tetroxidos. 

Quadrivalent compounds of the platinum 
group are easily hydrolysed to give the hydrated 
dioxides and this ly'drolysis may be controlled 
so as to provide methods of separation. On this 
is based a recent method by Gilchrist and 
Wickers (J. Amer. Chein. Soo. 1935, 57, 2565) 
for the estimation of these metals in their 
mixtures, which is described below. 

Separation and Estimation of the Plati- 
nu.m Group. — (1) Estimation of Osmium. The 
osmium is distilled from a dilute nitric acid 
Solution in an all-glass apparatus consisting of 
distilling flask, fitted with thistle funnel and 
mlet and exit tube, the latter being joined to a 
train of absorption flasks. The tetroxide is 
absorbed in diluted hydrochloric acid (1 : 1) 
saturated with sulphur dioxide. The solution 
of the metals (100 ml.) is placed in the flask, 
40 ml. of nitric acid added (1:1), and the liquid 
slowly distilled in a feeble current of air for one 
hour unless the osmium is present as chloro- 
osmate, in which case 7-8 hours is necessarj’. In 
the latter case it is quicker to distil from con- 
centrated sulphuric acid. The absorbing medium 


is evaporated on a steam bath in an unetched 
beaker, as far as possible, the residue digested 
with 10 ml. of hydrochloric acid for 15 minutes 
and again evaporated. This operation is repeated 
three times to ensure the destruction of any 
sulphite compounds and the final residue dis- 
solved in 150 ml. of water. The sblution is boiled 
and a filtered 10% solution of sodium bicarbonate 
added until a precipitate of the hydrated 
dioxide, OsOj.iHjO, appears and suddenly 
coagulates ; bicarbonate is now carefullj’ 
added until the solution is faintly blue to bromo- 
phenol blue. After further boiling for 5 
minutes the liquor is filtered through a Munroe 
crucible, the precipitate washed with hot 1% 
ammonium chloride and then covered with solid 
ammonium chloride moistened with a few drops 
of the liquor which is sucked through. The 
crucible is fitted with its cap and with a quartz 
Rose lid. A Rose tube with a small fiame of 
hydrogen burning from its end is inserted into 
the crucible ; if the flame is extinguished it is 
relighted by bringing up a Bunsen flame for a 
moment. In this way sufficient heat is generated 
to dehydrate the osmium compound without risk 
of deflagration. After a few minutes the crucible 
is heated to expel ammonium chloride and thea 
ignited strongly for 10 minutes. The burner is 
removed, the hydrogen flame extinguished, and 
the crucible allowed to cool in a current of 
hydrogen. When cold, the hydrogen is re- 
placed by carbon dioxide and the product is 
weighed as metallic osmium. 

(2) Ruthenium . — ^The residue in the flask 
after the removal of osmium is evaporated to 
dryness, 5-10 ml. of hydrochloric acid added 
and also evaporated. This is repeated until all 
the nitric acid has been destroyed. The residue, 
dissolved in 20-30 ml. of water, is treated with 
10 ml. of sulphuric acid and heated to fumes of 
the acid. The solution, together with any 
platinum which may have separated, is returned 
to the flask and diluted to 100 ml. with water 
and 100 ml. of 10% aqueous sodium bromate 
added. It is now distilled for 1-1 J hours in a 
gentle current of air, the ruthenium tetroxide 
being absorbed in sulphurous-hydrochloric acid 
mixture as with osmium. A further 25 ml. of 
bromate is added and distillation continued for 
one hour. The combined absorbing solutions 
are evaporated to a moist residue on the steam 
bath, digested for half an hour with 10 ml. of 
hydrochloric acid, 50 ml. of water added, and 
the liquor boiled until all the ruthenium is 
dissolved. Traces of silica are filtered off and 
washed with dilute hj'drochloric acid ( 1 : 99), 
the filtrate being diluted to 200 ml. with water. 
Precipitation with sodium bicarbonate is carriwl 
out ns for osmium except that neutralisation is 
indicated by the appearance of the blue colour 
of bromocresol purple. 

The precipitate is filtered on to pa])er, that 
remaining on the glass rod or the walls of the 
beaker being removed with filter paper, washed 
with hot 1% ammonium- sulphate and then with 
cold 2i% solution of the same reagent. The 
paper and precipitate are dried in a porcelain 
■ crucible, charred carefuUj', ignited to remove 
carbon, and then heated in hj'drogen ns for 
i osmium, being finally weighed as ruthenium. 
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Sepakatios or Piatikcti from Palladiuh. 
Ruodiou, and Iridium. — The residual solution 
after the rcmoial of ruthenium is rautiousi}' 
treated with hydrochloric acid to destroy excess 
of bromate and then evaporated with this 
on a steam bath. Any stain of indium dioxide 
on the flask is removed with aqua regia and this 
likewise evaporated with hydrochloric acid and 
added to the mam portion. The evaporated 
solution is diluted to 200 ml , boiled, and 20 ml. 
of 10% sodium bromate added, followed by 10% 
sodium bicarbonate until a sLght permanent 
precipitate shows in the dark green liquid. 
Bicarbonate is now carefully added until bromo- 
cresol purple turns from yellow to blue, the test 
being made by taking up a drop of the solution 
on a rod, carefully running down a little indicator 
on to the drop, and noting the colour. More 
bromate is added (10 ml.), the mixture Boiled, 
and bicarbonate added until a faint pink colour 
13 developed with cresol red. A further 10 ml. 
of bromate is added and the liquor boiled for 
15 minutes. 

The precipitate of hydrated oxides of palla- 
dium, rhodium and iridium is filtered on to a 
porcelain filtering crucible, washed with hot 1% 
aqueous sodium chloride (Pn 0-7), and the 
crucible then placed m the beaker in which 
precipitation was carried out. The oxides are 
dissolved by warming with 10-20 ml. of hydro 
cblonc acid, the crucible washed with water and 
transferred to another beaker where it is treated 
with a further 8 ml of the acid. This solution is 
added to the first portion and the operation 
repeated once more. The combined solution 
is then evaporated to dryness after the addition 
of 2 a. of sodium chloride. The residue is 
treated with 2 ml of hydrochloric acid, diluted 
to 300 ml. with water, and the precipitation 
repeated to ensure the removal of all the 
platmum. 

EstiHAHOs OF PiA-riHtJM.— The two filtrates 
from the above precipitations are carefully 
treated with 20 ml. of hydrochloric acid, partially 
concentrated, combined, and taken to dryness. 
The residue is ogam evaporated with acid to 
destroy the last traces of bromate and the 
remainder is dissolved m water and filtered. 
The paper is washed with dilute hydrochlonc 
acid (1 : 99), the filtrate diluted to some 400 nil 
and adjusted so that each 100 ml. contains 5 nil. 
of the mineral acid. Hydrogen sulphide is 
now rapidly passed into the heated solution and 
the process continued until all the platinum is 
precipitated and the solution has cooled some- 
what. The sulphide is collected, washed with 
the diluted hydrochloric acid ( 1 : 99), and ignited 
in a porcelain crucible. The metallic Brad is 
washed with hydrochloric acid, then with hot 
water, and again ignited. For the highest 
accuracy the metal is taken up in aqua regia, 
nitroso compounds removed, and the platmum 
precipitated with formic acid and sodium 
acetate. It is washed with hot 1% ammonium 
chloride and ignited. 

Palladium. — ^The mixture of hydrated 
dioxides of palladium, rhodium and indium is 
dissolved in hydrochloric acid as before, the 
solution after filtration being diluted to 400 ml. i 
Sufllcient ofa 1% solution ofdimcthjlgiyoxinieinl 
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9S% alcohol b added to precipitate the palladinm 
and provide a 10% excess. After one hour the 
precipitate is collected on a filter crucible, 
washed with 1% hj drochloric acid and hot w ater, 
anddnedat 110°. It is weighed aslhegljoiinie. 
PdlC^HjOjNj); contains 31 67% Pd. 

Alternatively, the precipitate is collected on 
paper and ignited to the metal, first in hydrogen 
and then in carbon dioxide. 

Rhodium. — ^The filtrate from the preceding 
operation is evaporated with sulphunc and 
nitnc acids to destroy organic matter and 
then with water to remove nitrogen com- 
pounds and the resulting sulphuric acid solution 
removed to an unetebed beaker and diluted to 
200 ml. To the boiling solution is added 
titanous chloride (20% solution) until the 
supernatant liquor is sLghtly purple. After 
boilmg for 2 minutes the metaUic rhodium is 
filtered, washed with dilute sulphuric acid 
(2-5 . 97'5), and the paper and precipitate trans- 
ferred to a conical flask. Sulphuric acid (10 ml ) 
la added and the paper chaired by gentle heating, 
after which 5 ml. of nitiic acid are added. 
After digesting for a short time on a hot pkte 
the flask is further heated over a free 
flame with constant shaking. The precipitate 
dissolves, organic matter is destroyed, and 
nitroso compounds are eliminated. Any silica 
IS removed and the precipitation of rhodium 
repeated as above. The metallic rhodium is 
again dissolved os before, the final acid solution 
dduted with 20 ml of water and 10 ml. of 
hydrochlonc acid The solution is boded lor 
15 minutes doring which tune the colour 
becomes rose-red, filtered, and the paper washed 
with dilute hydrochloric acid (1 • 09). After 
dOution to 400 nl. the rhodium is precipitated as 
aulphide from a boding solution which is finsUv 
allowed to cool somewhat with the gas still 
passing. The collected precipitate is washed 
successively with dilute sulphunc and hydro* 
chlonc acid wash hquors, ignited carefully in 
air m a porcelain crucible and then in Jiydrogen. 
After cooling in hydrogen the inetslhc rhodium 
isweighed. 

iridium. — ^The indium maybedeterniinedby 
difference or directly after removal of titanium 
with cupferron In the latter case, the com- 
bmed fillratc^^from the foregoing precipitation 
of rhodium are diluted to 800 ml , cooled in ice, 
and treated with cold aqueous 6% cupferron m 
slight excess. The precipitate, after washing 
with cold dilute sulphunc acid (2 5 • 97-5) u 
decomposed with nitric acid, fumed with sulphuric 
acid to destroy first organic matter and then 
nitroso compounds, diluted to 800 ml. and the 
precipitation of the titamum repeated. 

The united filtrates are evaporated to about 
10 ml. with, if necessary, the addition of nitnc 
acW to destroy organic matter, and filtered after 
dilution. Tlie filtrate is made up to 200 ml. with 
water and treated with sodium bicarbonate, as 
described under ruthenium, to the end point of 
broRiocresol purple. After addition of 20 ml ol 
10% bromate and boiling for 25 minutes, the 
precipitate is collected, washed with I/o 
ammonium chloride, and dried in a porcelain 
crucible. It is moistened with a little saturafeu 
ammonium chloride, charred carefully in air 
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until carbon is oxidised, and then ignited in 
hydrogen. The iridium is leached -with dilute 
acid and then washed with hot water and again 
ignited. 

ULTIMATE ANALYSIS OF CARBON 
COMPOUNDS. 

Most carbon compounds u-sually contain 
carbon, hydrogen and o.xygen, while, in 
addition, there may occur nitrogen, halogens, 
Biilpluir, pho.sphorus, arsenic, antimon 3 ', silicon, 
or other elements. Therefore, before analysing 
an unknown organic substance it is necessary to 
carry out a qualitative examination. 

Qualitative Tests. 

Carbon. — Compounds containing carbon 
usually char when heated either alone or with 
strong sulphuric acid, while on heating with 
recently ignited copper oxide they evolve carbon 
dioxide. 

Hydrogen. —Any water e.xisting as such is 
first removed by heating the substance below 
its decomposition point and the dehydrated 
material is then heated with dry copper oxide. 
Any hydrogen present is oxidised to water 
which may be condensed and identified. 

Nitrogen . — ^A limited number of nitro- 1 
genous compounds evolve ammonia when 
heated with soda lime, while others may give off 
oxides of nitrogen, with or without explosion 
when heated alone. 

The element is generally detected by means of 
Lassaigne’s or the Prussian blue test, which 
consists in heating the substance with a pellet 
of sodium or potassium in a small ignition tube. 
If the substance tends to be explosive then 
sodium carbonate may also be added. Generally 
the material is dropped on to the molten metal 
and heating continued for a minute or two. 
The hot tube is plunged into a little water 
contained in a beaker and, when the reaction has 
subsided, the glass is powdered and the solution 
filtered. To some of the filtrate is added 
ferrous sulphate solution, the mixture boiled, 
two drops of ferric chloride added followed by 
hydrochloric acid until the solution is acid. If 
the original material contained nitrogen then a 
blue precipitate should result. Sometimes only' 
a greenish-blue solution is obtained, but if 
Pnissian blue has been formed then this may be 
detected by filtration, w'hen blue spots will appear 
on the paper. 

The test fails with substances which readily 
evolve their nitrogen, such as diazo compounds, 
and also with stable pjTrole compounds which 
distil unchanged. It is stated that all classes 
of nitrogen compounds are decomposed by heat- 
ing with a mixture of potassium carbonate and 
magnesium powder, but with this mixture it is 
necessary to exclude atmospheric nitrogen. 
This is roost readily^ done by adding a little 
ether so that its vapour may^ displace the air 
and then stopping uj) the ignition tube with a 
wad of cotton wool (Baker and Barkenbus, 
Ind. Eng. Chom. [Anal]. 1937, 9, 135). 

Halogens . — A rapid indication is obtained by' 
heating the substance with a little copper oxide 
m a Bunsen flame, when the presence of halogens 


imparts a green colour to the flame. The 
method is not reliable but a confirmatory test 
can be made on a portion of the filtrate in the 
Lassaigne test. This solution is acidified with 
nitric or sulphuric acid, boiled to e.xpel any 
cyanide or sulphide, and silver nitrate then added. 
Halogen may' also be detected by igniting 
the substance with soda lime (free from chlorine) 
and testing the aqueous extract ; in this case no 
cyanide can be formed. 

Svlg>htir and Phosphorus . — The former element 
is usually detected in the filtrate from the sodium 
fusion by adding sodium nitroprusside ; a 
purple-violet colour denotes the presence of 
sulphur. Alternatively the substance is fused 
with sodium peroxide and carbonate and the 
aqueous extract tested for sulphate. The extract 
also serves for the detection of phosphate and of 
arsenate and antimonate. 

Quantitative Determinations. 

Carbon and Hydrogen in the Absence of 
Nitrogen, Halogens, etc. — The usual method 
consists in burning a known weight of material 
in a current of air or oxy’gcn assisted by copper 
oxide. The carbon dioxide and water so 
produced are absorbed respectively' by caustic 
potash or soda lime and calcium chloride or 
sulphuric acid. 

The apparatus required comprises a com- 
bustion tube in which the substance is heated, 
a furnace as the source of heat, absorption 
tubes or bulbs, and a gas’ purifying train. 

The furnace consists essentially of a stand 
supporting a metal or fireclay trough in which 
the combustion tube rests, the latter being 
isolated from the trough by a layer of asbestos 
paper. The combustion tube is heated either 
electrically or by means of gas burners, each 
burner being fitted with its own tap to regulate 
the supply of gas to it. In the latter case also a 
system of fireclay tiles covers the trough, thus 
promoting even heating of the tube and mini- 
mising losses due to radiation. The tiles may be 
removed or opened so that the combustion tube 
may be rapidly cooled at one or more points. 
Electrically heated furnaces are generally made 
up in three sections, each of these consisting of a 
quartz tube on which the heating element is 
wound. This is surrounded by insulating 
material and the tube and insulation arc enclosed 
in a sheet iron cylinder. The quartz tubes of the 
sections carry the metal trough, the ends of 
which can be fixed to the stand while by means of 
runners and a track the various sections may' be 
moved to and fro, thus heating or exposing any 
portion of the combustion tube at will. 

The combustion tube of hard glass has an 
internal diameter of about 12 mm., and is of 
such a length that it projects at least 5 cm. 
beyond each end of the furnace ; its ends should 
be rounded off and slightly opened. After 
cleaning and dry'ing the tube is filled in the 
following manner. A plug or spiral of copper 
about 2 cm. long is made by' tightly winding 
copper gauze around a piece of stout copper 
wire the ends of which' are turned into loops. 
This should fit the tube moderately tightly 
and is pushed in through one end for a distance 
of 20 cm. Through the other end is poured 
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coarse, freshly ignited copper otide until » and Bender (Fig 2 (2) patterns. In both 
layer some 45 era. long IS built up, after nhicha cases the bulbs larry a small exit tube filled, 
second gauze plug is added. A tiunl spiral aith granular calcium chloride or with soda lime 
about 10-15 cm. long and which has been and calcium chloride. 

superficially oxidised by heating m a laige In the case of soda Iimc it is usual noaada^s 
blow pipe flame is now inserted so that a apaco of to employ one of tho proprietary brands of 
10 cm. 18 left between it and the previous ping; soda lime asbestos such as Sofnolile, Aslarilt, or 
this space is reserved for the boat carrying NalronasbcM. These are impregnated with an 
the subst-ince to be analysed. This end of iJio indicator, the colour rliango of uhich serves ia 
lube IS now closed with a one-holo rubber show both the rate of absorption and tho 
bung larrying a glass tube of some 1-2 mm. amount «f absorbent consumed. Iho so<U 
boic and which is connocted to the tram for lime is contained in a U-tubo and aboic it on tho 
drying the air or oxygen. Iho opposite end is exit (ude must be placed a few pieces of calcium 
chloride to absorb the water vapour formed 
in the reaction. Better still is it to employ 
two tubes, one filled entirely with soda htne 
and a second containing this reagent in the inlet 
limb and calcium ehlorido in tho exit hmb 
of tho U tube. 

Bulbs and tubes are protected wlicn not in 
use by means of plugs made from short lengths 
of rubber tubing closed at one end with a piece 
of glass rod These arc remos cd for the purpose 
of weighing. 

The oxygen or air used in the combustion is 
purified by passage through caustic potash 
solution anil then through concentrated sulphuric 
and. It IS further dried using tho aims 
desiccating agent which is to bo employed on tho 
IikewisQ fitted with a rubber sto])jiei (icrforateil absorption side The oxygen is most cen- 
to carry the first absorption tube scnicntly obtained from a eyimder of compressed 

The boat mentioned above is usually of gas and is drawn off through a reducing valve. 
IKireelam or platinum and is about 7 cm. long. Whero such a source is not available it may be 
h mm. deep, and of such a width that it slides generated by adding a solution of 35 g of 
easily into the tube potassium permanganate in 500 c.c water and 

Water produced during the combustion is 50 e e. of sulphuric acid to 500 c c of hydrogen 
absorbed by means of calcium ehlonde eon- peroxide (10 vol) contained m a litre flaik. 
tamed in one of the forms of U tube illustrated Air should not be obuamod from mside thn 

in Fig. 1. This absorbent must be treated laboratory but from <in outside source, as 

before uso with a lurrent of carbon dioxidem laboratory oir is often charged with orgamo 
order to convert anv oxide to carbonate; material. 

excess of the gas is then displaced by air or Tho purified and dried gas travels to the 
oxvgen hlost of the water IS condensed in the combustion tube ihrmigh a small bubbler 
bulb of the side tulic and un be rciuoveil after eontammg a little sulphuric aeid ond vvluih 
indicates the rate of supply of tho gas. 

OptraltngthtComhviUon. — The tube h in'-crled 
into the fum ice, connected to flic drying train, 
awl dpd.lx-ideRas. w.hiJji o-oumuit 

of oxygen is passed through, the free end of tho 
lube being closed with a calcium chloiidc guard 
tube. After 30-45 minutes, or when a blank 
experiment has shown that moisture and 
organic matter have been removed, the back 
half of the tube, that is, extending from the 
gas inlet end to some 12-16 cm. beyond the 
epaeo rescrvetl for the boat, is allowed to cool 
by extinguishing the burners and, removing the 
Fici. 2(1). FiQ. 2(2). tUca. During this tune the substance is 

weighed into the previously ignited bo.at and 
crfch jinJysis, thus prolonging (he life of the the absorption tubes are also vrcighdl after 
ftlling. Instead of calcium chloride there may wiping with a Iintless cloth and removing the 
I* uecil small pieces of pumice or glass beads guard plugs. When the tube is cold, the boat 
moistened with sulphuric acid, but only a is inserted by withdrawing the oxidised copper 
minimum of acid should be used since it dissolves spiral, pushing the boat in with a stout copiier 
an apprctiable quantity of carbon dioxide. wire until it is tlose to the small plug which 

Caustic j)ota«h or schU lime is tho usual kcejB the cairee copper oxide in place, and then 

absorbent for the carbon dioxide produced, replacing the oxidised spiral The absorption 
The former reagent is used as a 50% aolntion apparatus is connectcil to the other end. 
contained in “ pota«h bullis,” the moat popular being taken that bulbs and tubes arc joined 

forms of which are the Ceissler (Fig. 2 (1) by glaas to glass connections covered with thick 
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soaralcss rubber tubing. A slow current of 
o-xygen or air (about one bubble per second) 
is passed and then the last two or three burners 
under the long copper spiral are lighted, and the 
temperature raised to dull redness. The 
burners under the unheated portion of the coarse 
copper oxide are also lighted, while the heating 
of the sj)iral is extended also. A single small 
flame is now started under the boat itself or, 
in the case of more volatile substances, the 
heating is commenced by covering this portion 
of the tube with a hot tile from the rear end and 
replacing it when it has cooled somewhat by 
another heated tile. In any case the rate of 
combustion must be slow and regular until the 
material is completely carbonised. At this stage 
the temperature of the boat is increased, while if 
air has been used previously a change over is 
made to o.xygen and the rate of passing the gas 
increased slightly. Finally, the boat is raised to 
dull redness and a somewhat faster stream of 
o.xygen used to expel aU the carbon dioxide and 
moisture as well as to oxidise any copper oxide 
reduced during the process. Any water which 
has collected .at the end of the tube near the 
absorption tubes is removed by bringing a hot 
tile over this part of the tube. Oxygen is then 
replaced hy air while the rear end of the tube 
containing the boat is allowed to cool in pre- 
paration for the next analysis. The absorption 
apparatus is now disconnected, plugs are 
replaced on the side arms, and the tubes or bulbs 
weighed after standing for one hour. A .certain 
saving of time may be effected w;hen a series of 
analyses is being done by weighing the absorp- 
tion tubes filled with oxygen instead of air and 
using ox 5 -gen only for the combustions. 

Volatile liquids are weighed in small glass 
bulbs with a capillary neck. The substance is 
introduced by alternately heating the bulb and 
cooling it with the open end immersed in the 
liquid. When the liquid is very volatile the 
capillary may be sealed before weighing, and 
the top broken off just before introducing 
the bulb into the combustion tube. In all cases 
the bulb is placed in the boat with the capillary 
facing towards the copper oxide layer and 
combustion must be carefully carried out, 
preferably using air for the first part of the 
procedure. The heating of the bulb should be 
by radiation only until all the liquid has been 
distilled out. Difficulty is sometimes experi- 
enced by the diffusion of the vapour into the 
back of the tube, but this may be overcome by 
inserting behind the copper spiral a bulb of hard 
glass of such a diameter that it just slides into 
the tube. One end of this bulb may be drawn 
out into a hook for convenience of xvith- 
drawal. 

A few substances burn xvith great difficulty 
and in such cases they may' be mixed in the 
boat with fine copper oxide and the combustion 
made entirely in oxygen. Compounds con- 
taining alkali metals are intimately mixed xrith 
lead chromate in order to doconqjosc any alkali 
carbonates which may be formed. 

Carbon and Hydrogen in the Presence of 
Nitrogen, Halogens, etc. — Substances con- 
taining nitrogen will tend to produce nitrogen 
oxides which must be reduced to the elementary 


state to pirevent their absorption by the caustic 
potash or soda lime. This is achieved by 
introducing a spiral of reduced copper gauze 
about 12-15 cm. long into the absorption side 
of the combustion tube. The plug is reduced 
before use by heating to redness and dropping 
into a tube containing 2-3 ml. of methyl alcohol. 
Any flame produced is quickly extinguished. 
A bung carrying a piece of glass tubing is inserted 
and the tube evacuated quickly on a water 
pump, the vacuum being maintained until the 
tube is cold. Alternatively, the tube may be 
rapidly filled with methylated spirit, allowed to 
stand until cold, and the spiral then removed, 
washed with ether, and dried in a vacuum 
desiccator. A silver spiral is also used (v. 
infra) for the elimination of nitrous fumes, 
since it decomposes these catalytically. 

The combustion is carried out without any 
air or oxygen passing until the material has 
been decomposed. One of these gases is, then 
slowly' introduced and the burners under the 
reduced spiral extinguished to prevent its 
Oxidation. 

If halogens are present these will react with 
the copper oxide to produce copper halides, 
which being somewhat volatile may be carried 
into the absorption tubes. This difficulty may 
be overcome either by inserting a spiral of silver 
gauze or by replacing part of the copper oxido 
layer by lead chromate. If much halogen is 
present it may be necessary to employ both 
methods. The section of the tube containing 
lead chromate should not be allowed to get 
too hot or it may fuse and, adhering to the 
glass, it will crack the tube on cooling. 

Lead chromate must also be used when the 
substance contains sulphur, arsenic, or antimony. 

In these cases the chromate may replace most 
of the copper oxide or o mixture of chromate 
and copper oxide (3 : 1) may be employed. 

Instead of copper oxide or load chromate 
other oxidising agents have been recommended 
for the combustion of carbon and hydrogen. 
Ter Meulen and Heslinga (Rcc. trav. chim. 
1922-1926) use manganese dioxide with or 
without lead peroxide depending on whether 
nitrogen or halogens are present or not. This 
filling has the advantage that it promotes 
oxidation at temperatures between 250° and 
450°, but as it rapidly becomes spent the method 
is best adapted for semi-micro analyses. 

The vapour of the organic material may also 
be oxidised by activated platinum or palladium 
in a current of oxygen, a procedure which has 
been extensively employed by' Dennstedt and 
his collaborators (Z. angew. Chem. 1905, 18, 
1134; 19, 517; Chem.-Ztg. 190.5, 29, 52; 
1909, 33, 769; Analyst, 190.5, 135; Ber. 1908, 
41, 600; Baumert, Ber. 1907, 40, 3475). The 
Dennstedt method has also the advantage that 
it is possible to estimate sulphur or halogens 
simultaneously with the carbon and hydrogen. 

Nitrogen. — Nitrogen is estimated either in 
the elementary condition by collecting it and 
measuring its volume (method of Dumas) or by 
conversion into ammonia (method of Kjeldahl). 

Dumas' Method . — In this procc.ss the substance 
is oxidised with copper oxide and the liberated 
nitrogen is driven by carbon dioxide into a 
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suitable measuring \essel. The combustion is 
carried out in a tube similar to that used for 
carbon and hjdrogen determinations excepting 
that i«hcn the carbon dioxide is generated 
inside the tube one end of the latter is scaled. 
This method has the disid\antage that the 
entire filling must bo removed after each 
analysis in order to replace the spent magnesite 
or sodium bicarbonate which pros ides the source 
of the c.irbon dioxide. It is therefore more 
expedient to have both ends of the combustion 
tube open and to generate the gas in an ordinary 
Kipp’s generator by acting on marble with 
hydrochloric acid. It is essential that the 
carbon dioxide shall be free from air and to 
achieve this the marble must be specially 
treated. First etched with dilute hydrochloric 
acid, it IS then boiled in water for one hour and 
allowed to cool under the water. ^Vhen cold 
the marble is transferred to a vacuum desiccator, 
covered with calcium chloride solution (spent 
liquor from the generator 
neutralised with marble), 
and a x'acuum maintained 
for half an hour, and then 
slowly released. The Kipp 
is now charged, but the 
hydrochloric acid used wiU 
also contain dissolved air 
which may be removed by 
dropping a piece of marble 
into the upper bulb of the 
generator and opening and 
closing the tap a few times 
so that the acid in this bulb 
IS continually changed. 

The combustion tube is 
filled by placing a tight 
copper plug about 20 cm 
from one end of the tube 
and then pouring m coarse 
copper oxide through a 
copper funnel inserted in 
the other end until a layer 
about 35—10 cm. long u 
I obtained, after which a 
second plug is introduced. 
Some 3-4 cm of fine copper 
oxide IS added, followed by 
an intimate mixture of the substance with 
more of this oxide. Enough of the material 
is weighed out to provide 15-25 ml of nitrogen 
and the mixing with recently ignited copper 
oxide is done m an agate or glass mortar free 
from cracks or scratch marks. The mixture u 
introduced into the tube through the copper 
funnel, and mortar and funnel arc nnsed out 
three times with more copper oxide. Finally, 
a loosely fitting oxidised copper plug is in* 
sorted and the combustion tube removed to the 
furnace. The end of tho tube containing the 
fine oxide is connected to the gas generator 
through a small bubbler containing water, while 
m the apace left empty at the opposite end is 
inserted a spiral of reduced copper some 12-15 
cm. long and a bung carrying a tube w hich makes 
connection to tho nitrometer. 

The latter consists of a burette A (Fig. 3), 
scaled at one end and fitted with a stop cock 
at the other. It is carried m a heavy base. 
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while just above this a bent side tube is scaled 
in by means of winch the nitrometer is joined 
to the combustion tube. On the opposite side 
of the burette and a little above the first side 
tube 13 inserted another connected by stout 
rubber tubing with a pear shaped reservoir 
earned in a ring clamped to the burette by 
means of which the height can l)o adjusted 
Mercury is poured into the burette to seal up 
the loner side tube, the amount added being 
such that when the mcasuiing tube is filled with 
potash solution none of tins shall be able to 
force its way through the side arm into the 
combustion tube. The alkaline solution is made 
by dissolving caustic potash in 1-2 times its 
weight of water end, while still hot, adding 
about 0 2 g of pow dered barium by droxide and 
filtering through asbestos after stirring for a 
minute or two. The addition of this hydroxide 
may be omitted, but there is then a tendency for 
a scum to form on tho potash while in the 
burelto. The cold filtered solution is then 
introduced into the pear shaped reservoir. 

Tho apparatus having been fitted together, 
c.arbon dioxide IS passed through Che combustion 
tube until all the air is expelled. During this 
time the slop.cork on the burette is open while 
the reservoir is at tho bottom of the nitrometer. 
The burners under tbe reduced spiral and half 
of the adjacent coarse oxide layer are lighted 
and this section brought to dull redness During 
this beating tbe gas entering the nitrometer is 
tested at intervals to ascertain whether all the 
air has been displaced For this purpose the 
burette IS filled with the potash solution, the 
stop cock closed, and the reservoir then lowered 
to tbe bottom again. If only carbon dioxide 
enters the nitrometer, then the bubbles will be 
completely absorbed and no more than traces of 
light foam will collect after 2-3 minutes When 
this IS the ease the current of carbon dioxide la 
stopped and the heating of the tube gradually 
extended towards the fine oxide, while at the 
same tune a few burners on the gas inlet side are 
lighted tthen these parts are a dull red the 
beating of the fine oxide is commenced. Com 
bustion of tbe substance must be at such a rate 
that there are never more than 2-3 bubbles 
rising in the burette at the same time. tMicn 
all the burners are in use and the evolution of 
nitrogen has slackened carbon dioxide is again 
passed until the issuing gas is completely 
absorbed by the potash solution The nitro- 
meter is now detached from the combustion tute 
and the latter allowed to cool. The reservoir 
attached to the burette is now raised until the 
level of the hquid in it is the same as that in the 
burette and kept in this position for half an hour. 
The levels are again equalised and the volume of 
gas then read. The temperature recorded on a 
thermometer hung near thenitroroeter isobserved 
and the barometric pressure noted The per- 
centage of nitrogen is then giv cn by the formula 


P- 
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where V is the observed volume, B the height 
of the barometer, / the vapour pressure of the 
potash solution at the temperature I'C., S the 
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weight of the substance in grams, and 0-001251 
is the weight of 1 ml. of nitrogen at N.T.P. 

Since the available data for evaluating / are 
very meagre it is usual to take instead half the 
value of the vapour pressure of water at the 
same temperature. Any error due to this may bo 
avoided by transferring the nitrogen to a 
graduated eudiometer tube filled with water 
and again measuring the volume. This is most 
simply, done by fitting to the nitrometer a 
narrow-mouthed bottle the bottom half of which 
has been removed (Fig. 4). This truncated 
bottle is filled with boiled 
out distilled water, any air 
in the narrow exit tube of 
the nitrometer is expelled 
with a fine wire and the 
eudiometer tube also filled 
with boiled out distilled 
water brought over it. By 
raising the reservoir and 
opening the stop-eoek the 
nitrogen is transferred to 
the graduated tube. This 
is then removed, closing 
the bottom with the 
thumb, and transferred to 
a eylinder of water the 
temperature of which it is 
permitted to acquire, after 
which the levels of water 
in cylinder and tube are 
equalised and the volume 
read. The temperature of 
the water is also noted. 
Since tables are available 
which give the weight of 
nitrogen in 1 ml. of the 
moist gas at various tem- 
peratures and pressures 
the above formula may 
be considerably simplified by their use. The 
percentage of nitrogen is then given by : 

100 Vg 

S 

where g is the weight of nitrogen in 1 c.c. of 
moist N under the observed conditions of 
temperature and pressure. Usually g is recorded 
in milligrams, in which case S must also be 
expressed in milligrams. 

The coarse copper oxide may be used for 
several estimations before it requires re- 
oxidising, but the fine oxide must be ignited 
before each analysis. The copper spiral is 
reduced with methyl alcohol as in the carbon 
and hydrogen determinations. Reduction with 
hydrogen should be avoided ns the metal tends 
to occlude this gas. 

Instead of using carbon dioxide to expel the 
nitrogen from the tube a Sprengel mercury 
pump may be employed to pump out the gas 
which is collected over mercury. It will, 
besides nitrogen, also contain carbon dioxide, 
and by noting the decrease in volume on 
absorbing the latter with potash a determination 
of the carbon may be obtained. 

Kjeldahl’s Method . — ^The substance is 
heated with concentrated sulphuric acid whereby 
carbon is oxidised to carbon dioxide and the 


nitrogen converted into ammonium sulphate. 
It is usual to add, in addition, potassium sulphate 
to raise the boiling-point of the acid and a 
catalytic agent such as mercuric oxide or metallic 
mercury in order to facilitate the oxidation of 
the carbonaceous matter. The solution, after 
dilution, is then rendered alkaline and the 
ammonia distilled into a known volume of 
standard acid representing an excess over that 
required to neutralise the base. This excess is 
then determined. 

For carrying out the estimation about 0-3- 
0-4 g. of the material, depending on the amount 
of nitrogen it contains, is placed in a 150- 
200 ml. Kjeldahl flask together with 10 g. of 
powdered potassium sulphate and 0-5 g. of 
mercuric oxide {not made from nitrate) or 0-6 g. 
of mercury. Sulphuric acid (20-25 ml.) is 
added, the flask shaken to mix the contents and 
then clamped in an inclined position. It is 
now gently heated until any frothing has ceased, 
after which heating is increased until the 
acid boils gently. If a considerable amount of 
frothing takes place it may be minimised by 
adding a small piece of purified paraffin wax. 
Boiling is continued for at least 15 minutes 
after the liquid has become colourless or pale 
yellow. To prevent excessive loss of acid the 
neck of the flask may be closed with a loosely 
fitting bulb stopper or with a short stemmed 
funnel. The cooled liquid is then poured care- 
fully into a 500 ml. flask containing about 
100 ml. of water, the Kjeldahl flask rinsed out 
several times and these washings added also to 
the flask followed by 20-26 ml. of 0-5.V-sodium 
metabisulphite or 0-2A-sodium sulphide 

(NajS.gHjO). 

The sulphide material is added to decompose any 
mercury ammonium compounds which are not 
easilyattacked by alkali. In addition, there may 
be added a little porous earthenware or granulated 
zinc to prevent bumping, although the mercury 
sulphide itself is generaUy sufficient to promote 
regular boiling. The flask is now 'fitted w-ith a 
bung carrying a dropping funnel and a delivery 
tube which embodies some form of spray trap. 
This tube connects with a vertical condenser, 
the lower end of which dips just below the surface 
of the standard acid contained in a conical flask. 
Concentrated sodium hydroxide is run in through 
the dropping funnel until the liquid in the flask 
is strongly alkaline, the solution heated until 
it boUs, and the ammonia distilled off with the 
steam. For complete expulsion of the ammonia 
it is necessary to collect about 100-150 ml. 
of distillate. The condenser is rinsed out with 
water and the excess of acid remaining in the 
conical flask is titrated. 

This simple Kjeldahl estimation is unsuitable 
for nitrates, nitrites, nitro-, nitroso-, azo-, 
hydrazo-, and hydrazine compounds, and a 
special preliminary reduction process is necessary 
in such cases. 

Nitrates and nitro-derivatives arc usually 
treated by pouring quickly on to tbe weighed 
material about 20 ml. of a solution of salicylic 
acid (4-8 g.) in sulphuric acid (100 ml.), and 
heating gently until solution is complete and 
any reaction begins. After occasional shaking 
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for one hour there is added the reducing agent, 
which may be either 1-2 g. of pare zinc dust 
and one drop of mercury or 5 g. of sodium thio- 
sulphate. MTien all the zinc has been con- 
sumed or immediately after addition in the case 
of the thiosulphate, the flask is gently heated 
until frothing has ceased, after which potassium 
sulphate and mercuric oxide or mercury are 
added and the estimation continued as before. 

Azo- and hydrazo derivatives may also be 
treated by this method, but it is preferable 
to use stannous chloride as the reducing agent. 
For this purpose the substance (O'3-O 5 g ) 
dissolved in 20 ml. of alcohol is boded under a 
reflux condenser with 6-7 ml. of atannons 
chloride solution (40 g. in 100 ml. HO) for 
10 minutes after the solution is bleached 
(about 20 mins, in all]. On cooling there is 
added an equal volume of water and 23-30 ml. 
of sulphuric acid. The liquor is gently heated 
to remove w'ter and when any foaming has 
ceased the determination is continued Jn the 
usual way by introducing potassium sulphate 
and the mercury catalyst. 

Hydrazines, semicarbazidcs, etc., may be 
reduced with zinc and sulphuric acid, Anally 
using potassium persulphate in place of 
potassium sulphate or by heating under a reflux 
condenser with formaldehyde, zme dust, and 
hydrochloric acid, adding a iittle stannous 
chloride towards the end to complete the 
reduction. In the latter case the subsequent 
procedure follows that given in the prec^mg 
method. 

Numerous modifications of all the above 
estimations are constantly being introduosd, 
and a recent summary of the literature isgiven 
by A. Friedrich (Ifikrocheni. 1933, 13, 91). 

Instead of mercury as the catalyst there have 
been suggested copper sulphate, copper selemte, 
tellunum, selenium, titanium, molybdenum, 
and many other metals. Tellunum and 
selenium (also copper selenite) are slated to 
be very effective although the presence of 
selenium in too great concentration tends to 
cause a loss of nitrogen if heating is undoly 
prolonged ; this results from the decomposition 
of ammonium selenite thus : 

3(NH«),SeO,= 9H,0-h2NH,-h3Se+2N, 
(Taiifel, Thaler, and Starke, Angeu. Chem. 1935, 
48, 191; 1930, 49, 265; Osborne and Wilkie, 
J. Assoc. OS. Agric. Chem. 1933, 18, 604; 
Illarionov and Solovjeia, Z. anal. Chem. 1935, 
100, 323; Schwoegler, Eabler, and Hurd, J. 
Biol. Chem. 1930, 113, 749). 

Estimation of Halogens . — Carius JIeHoJ . — 
The substance to bo analysed is oxidised in a 
scaled tube with fuming mtnc acid and in 
the presence of silver nitrate ; the resulting silver 
habile is w eighed or, if a known weight of silver 
nitrate is taken, the excess of the latter may be 
determined volumetrically. The tubes used are 
offairly hard glass some 15 mm. in diameter and 
with walls about 2 mm. thick ; they are 60-^ 
cm. long and are sealed at one end. 

Into the cleaned and dried tube are placed a 
slight excess of silver nitrate (about 0 6 g. is 
iMualJy saflicicnt) and 1-5-2 c.c. of nitric add 
(tf=l-.j). the hitter being poured m through a 


long thistle funnel which is then carefully with 
drawn so as to avoid wetting the sides of the 
tube. The substance to be analysed (about 0 2 
g.) is now weighed into a narrow tube made 
from quill tubing and which b 7 cm. long am] 
0 8 cm. in diameter. This is inserted mto the 
Canus tube by inebning the latter and gently 
sliding the weighed tube down the side. The 
combmtion tube is next drawn out to a thick 
capillary and scaled, care being taken that 
during tbb process the nitnc acid is not allowed 
to enter the small tube. IVhen cold, the tube u 
wrapped m a few turns of paper and inserted mto 
an iron or steel tube so that the whole of 
the capillary projects from this tube, which is 
then introduced into the furnace. The latter 
consists of a rectangular sheet iron box con- 
Btnicted to stand in an incbned position and 
containing 3 or 4 tubes into which the above- 
mentioned iron or steel tubes are placed. The 
furnace is heated by means of Bunsen burners, 
while a tube inserted into its upper surface 
serves as a thermometer pocket ; it is usual to 
surround the furnace with a well protected 
enclosure (Fig. 5). Heating should carried 
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out in a slow and regular manner so that a 
temperature of 250°-300'‘ u reached in 2i-3 
hours, this temperature being then maintained 
for 3-4 hours. When cold the combustion tube 
IS opened by gently warming the capilbry to 
remove any condensed acid and then, strongly 
beating the extreme tip until a hole is blown 
at this pomt by the imprboned and compressed 
gas. On no account should the tube be removed 
from the furnace untd the pressure has been 
released in this way. The draw n out portion of 
the tube » now cut oS, some dutilled water 
added, and the contents transferred to a beaker. 
Combustion tube and weighing tube are rinsed 
several times with water imtil all the silver 
halide has been removed to the beaker. The 
liquid IS then boiled for some half an hour iii 
the case of silver chloride or bromide and for 
2 hours when silver iodide is present, after which 
the precipitate is allowed to settle. It is filtered, 
washed, dried and weighed m the usual manner. 

Volatile liquids may be weighed in a small 
thin-walled bulb tube which is sealed 
introducing the substance and inserted into the 
Carius tube after weighing. .When the latter 
is sealed the small bulb is slwtteml against the 
Nile walls of the tube. 
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3Icthod of Piria and Schiff . — This procedure is 
a modification of Liebig’s original method in 
which the substance was heated ivith lime in a 
combustion tube. In the present case two 
nickel crucibles are used, one of which when 
inverted may be inserted into the other, while 
instead of lime a mixture of lime and sodium 
carbonate (4 : 1) is used. A layer of this 
rahtture is placed on the bottom of the smaller 
crucible followed by an intimate admixture of a 
weighed amount of the substance and the lime- 
carbonate. The crucible is now filled with 
lime and carbonate, placed in an inverted 
position in the larger crucible which is also filled 
with the mixture to just above the top of the 
inner crucible. After covering the outer crucible 
with a lid it is heated with a burner which is 
first directed around the sides of the crucible 
until the lime and carbonate between the 
crucibles are thoroughly hot. Heating is then 
continued underneath the crucible until decom- 
position of the substance is deemed to be 
complete. When cold, the contents of the 
crucibles arc transferred to a beaker and the 



crucibles then w'ashed out with about 200 c.c. 
of water. The hme is now carefully dissolved in 
^ute nitrib acid, the beaker being cooled in 
ice during this process to prevent loss of halogen. 
If iodine is being estimated then sulphur dioxide 
solution must be added before the nitric acid in 
order to reduce calcium iodate. The halogen 
in the acidified solution is estimated in the usual 
manner. 

Method of Stepanov . — Decomposition of the 
material is efiected in this process by boiling 
with alcohol (20-40 c.c.) and adding a -con- 
siderable excess of sodium at such a rate that a 
vigorous action is maintained : 

XCI-f2Na-fC2H5.0H 

=XH-)-NaCI-l-C2H5.0Na 

The amount of sodium required varies from 
about six times the weight of substance taken 
in the case of iodo- derh-atives to twenty times 
when chlorine is being estimated. After 
addition of the sodium the solution is boiled 
for one hour, cooled somewhat, and diluted with 
20-40 c.c. of water. Alcohol is removed and the 
halogen determined in the aqueous liquor by 
known means (see Bacon, J. Amor. Chem. Soc. 
1909, 31, 49). 

Method of Groie and Krekeler. — See below, 
under Sulphur. 

Estimation of Sulphur. — Method of Garins . 
— Excepting for the omission of the silver nitrate 
this method is identical with that described 
above, although in certain cases it may be 
necessary to heat the tube to 300°-350° to ensure 
complete decomposition. The sulphuric acid 

c b a 
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Fig. 6 . 


produced is estimated in the usual .manner with 
barium chloride after concentrating the solution 
with hydrochloric acid to remove excess of 
nitric acid. This concentration may be avoided 
if the barium chloride is run in drop by drop with 
good stirring to the hot and rather dilute 
sulphuric acid solution. 

Method of Eschka. — See under Gravimetric 
Estimation of Sulphur p. 603. 

Method of Groie and Krekeler (Angew. Chem. 
1933, 46, 100). — ^This is a combustion method 
whereby it is possible to estimate sulphur in 
any substance which can be burned. 

The apparatus (Fig. 6) consists of a quartz 
tube (50 cm. long and 17 mm. internal diameter) 
connected by a ground glass joint wdth an 
®^®°Wiion vessel. Fused into the central portion 
of the tube are (a) a perforated plate of clear 
and (6) and (c) two quartz filter discs. 

^e plate serves to mix the vapours of the 
substance with the air needed for the com- 
bustion and also to prevent any unvaporised 
liquid from reaching the first disc. Com- 
bustion should fake place entirely at this disc. 


the second one merely being a safeguard in the 
event of incomplete oxidation at the first. A 
small asbestos-lined box movable on rails 
covers the portion of the tube carrying the 
discs and serves to concentrate the heat of the 
burner at this point. 

The absorption vessel contains a thick, 
finely perforated glass filter plate, while glass 
beads are introduced above and below this plate. 
The absorbing liquid consists of 50 c.c. of 3% 
hydrogen peroxide half of which is contained 
above the filter disc and half below. Most of 
the SO3 produced is absorbed in the lower half, 
the function of the filter disc being to coalesce 
the acid particles in the fine mist which is also 
produced and which tends to pass through any 
liquid. 

The material to be analysed is weighed into a 
combustion boat which is then inserted into the 
tube until it is about 1-3 cm. from the per- 
forated plate. The amount of substance 
to be taken varies from 100 mg. if the sulphur 
content exceeds 1% to 3-5 g. for proportionately 
lesser percentages. If the sulphur content is so 
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lilgh that only a Btnall amount of substance b' 
required, then, for ease of combustion, it is 
advisable to add some 6u]phur*free material 
such as liquid paraffin. 

To carry out the operation the filter discs are 
first heated until they glow. A current of air 
(three bubbles a second] is then drawn through 
the tube by means of a pump, this current bring 
regulated by the screw-chp (i). The boat is 
now gently heated from the gas inlet side unril 
the substance vaporises and a small blue fiame 
appears at the first disc (8). The fiow of air 
may now be increased and also, if necessary, the 
amount of heat supplied to the boat until a 
fairly laigc flame occurs at the disc. Combustion 
is complete in G-10 mmutes, after which the 
air supply is decreased and any liquid collected 
between the boat and the perforated plate is 
laporised. That portion of the tube between 
the filter discs and the ground glass joint is 
strongly heated to remove any SOj, and in a 
few mmutes the receiver may be disconnected. 
The absorbing medium is sucked out through 
the cock at the bottom of the absorption 
vessel, which is then washed twice with water. 
The sulphuric acid in the resulting solution 
is determined in the usual manner. 

By using an absorption liquid of 8 parts of 
erystallisea sodium sulphite in 100 parts of 
O'UV-sodiuro hjdroxide the apparotus maybe 
used to estimate halogens. 


Estimation of Phosphorus. — J/e«8<xl of 
Carttu —This method as used for sulphur also 
serves for the determination of phosphorus in 
organic compounds. The resulting phosphonc 
acid is precipitated as magnesium ammonium 
phosphate, which is subsequently igmted to 
pyrophosphate, Mg,PjO,. 

JUessinger's iltlhod — ^The organic material 
(0 3^ 4 g.) is placed in a flask fitted with a 
groiind-m condenser through which is added 
the oxidising agent consisting of 4-5 g. of 
chromic acid and 10 ml. of sulphuric acid. The 
mixture is gently heated for one hour, after 
which a further 10 ml. of sulphuric acid are 
added and heating continued for another hour. 
The contents of the flask are washed into a 
beaker, heated on a steam bath, and the 
phosphate precipitated as phospho molybdate. 
The precipitate js collected, washed uithadilute 
solution of ammonium nitrate and nitric acid, 
and dissolved in ammonia. The phosphate is 
now precipitated with magnesia mucture, a few 
drops of citnc acid solution being added to 
prevent any precipitation of chroramm caught in 
the molybdate precipitate (Ber. 1888, 21, 2016).. 

Other oxidising agents that may be used are 
nitnc acid and potassium permanganate or 
mtnc and sulphuric acids. 

Estimation of Arsenic. — Method of LUlle, 
Cahen, and Morgan (J.C 8 1009, 95. 1477).— 
For details, see Volumetric Analysis (pp 645, 653}, 
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Estimation of Antimony. — Organic anti- ' 
monisls may cither be decomposed by fusion, 
with peroxide and carbonate or by healing I 
With nitric and sulphurio acids. The antimony 
is estimated as sulphide as given under Gravi- 
metne Analysis (see aUo hlorgan and Davies, 
I’roc. Roy Soc. 1020, 110, A, 530). 

Estimation of Oxygen. — Although oxygen 
in orgsBic oompoundj u asaallj' catimsled fry 
diiTercnce various methods for determining the 
clement have been put forward from time to time. 
It IS only recently, however, that reliable methods 
have been elaborated, these being based largely 
on the work of II. Ter Jlculen (Rec. trav. chim. 
1022, 41, 509; 1924, 43, 809; 1934, 53. 118). 
The procedure consists in distilling the material 
on to a red hot contact substance which decom- 
po^s it producing water and oxides of carbon, 
tho Utter being then hydrogenated to methane 
and water by means of hydrogen and a nickel 
catalyst. The water is absorb^ in a weighed 
calcium chloride tube, while a small soda 
hme tube takes up any traces of carbon 
dioxide which may have escaped reduction. 
Several modifications have l«en suggested 
at various times, especially by Russell, Fulton 
and ularks (Ind Eng. Chem. (Anal.J, 1933, 5, 
384; 1934, 6. 331; 1935, 7, 102; 1936, 8 . 
453). 

The hydrogenation is carried out in a clear 
quartz tube 1 m. Jong, 1 cm. in diameter, and 


with 1 mm. walls, and where only carbon, 
I^ydfOgen, and oxjgcn ate present thenppantai 
shown in Fig. <7 is used. E is a small platinum 
or quartz boat carrying the material, while st 
c~4 Is inserted the contact material consisting 
either of pure asbestos, platinised asbestos, 
platinised quartz, or spirals of pure nickel wire, 
this bring heated in a small Pletcher furnace or 
efcofneafry. The catajyat is contained belwcea 
o and b and consists of nickel supported on 
asbestos or quartz and preferably activated 
by 2-10% of thoria. It may be made by shaking 
up asbestos with nickel oxide (iron free) and 
thona and then reducing with hjdrogen after 
placing in the tube, or quartz grains may be 
soaked In nickel and thorium nitrates,^ igmted 
after drying and again reduced after filling into 
the tube. The catalyst is heated in some simple 
form of furnace to a temperature between_300°- 
400" although for the preliminary reduction of 
the nickel oxide a temperature of 400'’'450" is 
advisable. This reduction of the oxide i* often 
very slow, especially if the nickel contains iron, 
and even so it is advisable to run a blank estima- 
tion and to subtract its value from that obtained 
dating the analisw. The hjdrogen may bo 
produced cither electrolytieally or from zinc and 
acid; it is purified through alkaline ami acid 
pennanganate as well as silver sulphate, while 
traces of oxj’gen are removed by passing over 
platinised asbestos Any water produced is 
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absorbed by passage through a cooled calcium 
chloride tube. 

To carry out the estimation the tube is first 
filled with COj or air may be removed by 
evacuation and hydrogen is then led in. The 
contact material and catalyst are raised to red 
heat and 350° respectively, after which the 
boat is introduced without allowing air to enter 
the tube and the absorption train attached at 
the other end. The substance is now heated 
slowly arid regularly until it has all been decom- 
posed or distilled on to the cracking surface, 
after which the whole of the tube on the gas 
inlet side is strongly heated with either a Bunsen 
burner or, better, a blast flame. At the end of 
the hydrogenation the tubes are removed, dry 
COj-free air passed through them, and 
weighed. As much carbon collects in the quartz 
tube it is necessary to burn this out with air 
after three or four analyses. 

When the substance contains nitrogen the 
hydrogenation will give rise to certain quantities 
of ammonia which would be absorbed by calcium 
chloride. Ter Meulen therefore uses an absorp- 
tion tube which is in two parts, the first contain- 
ing a known volume of standard sulphuric acid 
to absorb ammonia and the other calcium 
chloride. Ammonia and water are thus weighed 
while by titrating the excess of standard acid the 
weight of ammonia may be calculated. Obviously 
a simpler method would be to use an absorbent 
which docs not take up ammonia, and con- 
sequently Kussell and Marks have advocated 
pellets of sodium hydroxide, while Marks uses 
calcium sulphate. 

Sulphur-bearing compounds form hydrogen 1 
sulphide, most of which is retained by the 
nickel in the tube, thus poisoning the catalyst. 
To ensure retention of all the sulphide Ter 
Meulen uses an additional filling of finely 
divided nickel heated -to 150°, but if calcium 
sulphate is used to absorb water no such pre- 
caution need be taken. 

Halogens are also mostly retained by the nickel 
though vaiying small amounts come through 
and must be absorbed in a manner similar to 
ammonia except that sulphuric acid is replaced 
hy standard silver sulphate solution. 

Proximate Analysis or Carbon 
Compounds. 

Methods available for the separation of the 
constituents of any particular mixture of organic 
compounds will depend essentially on the nature 
of the mixture and must be found out by trial. 
A few of the more general methods usually 
cniployed are briefly described. 

Fractional Distillation is used for the 
separation of liquids which possess boiling- 
pmnts fairly considerably removed from each 

Certain substances are volatile in steam and 
can thus be removed from others which do not 
exhibit this property. Where two compounds 
We to be separated both of which distil, then it 
3 otten possible to convert one of them into a 
ioii-\olatile derivative. Thus volatile organic 
chf*'''r'^ ^Rses may be separated by distilling 
wb''7 c ™ solutions containing mineral acid 
icli faxes the bases or from caustic alkaline 


solutions which render the acids non-volatile. 
Steam distillation can be carried out under 
reduced jjressure, while in some cases it is 
necessary to use sujierheated steam. 

Fractional Precipitation,— -As in inorganic 
analysis, reagents may be found which precipitate 
some members of a mixture while other remain in 
solution. Also if the components resemble 
each other and are present in sufficient amounts, 
advantage may be taken of their differing order 
of precipitation by a known reagent added in 
successive small quantities. Thus, if a calcium 
salt be added to a mixture of neutral salts of 
oxalic, malonic, and succinic acids, calcium 
oxalate is precipitated first, the middle fractions 
will contain most of the malonate, while the end 
fractions give calcium succinate. Silver and 
lead salts are often advantageously used for 
separating such organic acids. 

Fractional Crystallisation is used where 
substances differ in their solubilities in any 
given solvent. The solution when partially 
concentrated deposits crystals of the least 
soluble compound, while further concentrations 
yield mixtures differing in composition and in 
which are increasing proportions of the more 
soluble members. The various fractions or 
groups of fractions are submitted to the 
same procedure and a separation gradually 
effected. 

Fractional Solution is perhaps the method 
most generally applicable, for the range of 
solvents available is so great that it is not 
difficult to find a menstruum which will dissolve 
one component of a mixture more readily than 
the others. Where substances differ widely in 
their solubilities in any one soHent the more 
soluble material may be leached out with succes- 
sive small quantities of the liquid. The solvents 
most commonly used are given below together 
with their general properties. 

Water dissolves many acids and their 
salts, also organic bases and salts ; also serves 
for highly oxidised carbon compounds, such as 
carbohydrates, gums, alcohols, polyhydric 
phenols, etc., which are not readily soluble in 
alcohol or ether. Very many organic sub- 
stances do not, however, dissolve in water, while 
it decomposes others such as acid chlorides, 
anhydrides, esters, etc. 

Alcohol has considerable solvent properties 
and is useful for many classes of organic sub- 
stances. Like water it reacts with certain 
halogen derivatives. 

Ether dissolves a large variety of materials 
such as hydrocarbons, resins, fats and alkaloids. 
It is relatively inert and has the advantage of a 
low boiling-point, so that it can easily be removed 
by distillation. 

Benzene and its homologues are useful solvents 
for oils, fats, waxes, terpenes, resins and 
rubber; they also serve for such substances as 
are decomposed by water. 

Carbon disulphide, like ether, is easily volatile, 
but it possesses a far more limited application. 
It dissolves fats, essential oils, resins and 
rubber, but salts and hydroxylic compounds 
are generally insoluble in this medium. 

Light Petroleum . — Generally obtainable in 
three fractions, boiling at 40°-60°, C0°-S0°, 
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S0’-100°; it lias limited Bolvent properties, 
although it is much used for oils and fats. 

Chloroform, JfefAt/lene Diehloride, and 
Cari-OTi Tttraehloridi dissolve many substances, 
especially oils, fats and alkaloids, and are, in 
addition, practically non uiflamznable. Other 
non-inflammable solvents are the chloro* denva- 
lives of ethane and ethylene. 

Some of the solvents tvbicb are also used, 
although less frequently, are acetone, eth>l 
acetate, amyl alcohol, pyridine and nitrobenzene. 

The extraction of a substance from admixed 
solids by means of a volatile solvent ts best 
carried out in a Soxhiet extractor. This 
consists of a wide tube E (Fig 8) closed at the 
bottom end and sealed to a narrower tube N 
n hich IS fitted to a small flask either by means of 
a cork ur a ground glass joint. Connection 
between the two tubes h eflected by means of 

(а) a narrow tube a serving as a siphon, and 

(б) a wide tube ( The latter tubo carries the 
vapour of the solvent hoilmg in the flask to the 
top of the extractor which is connected with a 
reflux condenser. The condensed solvent drops 
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on to the material to be extracted and which b : 
contained in a thimble made of filter paper I 
inserted into E so that its upper end is above the ^ 
Icv'el of the top of the siphon. The bquid per - 1 
colatcs through the material, is filtered through I 
the pnjicr, and rising m the tube u siphoned off 
when It has reached the bend of the narrow 
tube «. The process continues automatically 
and the extracted substance gradually accumu- 
lates m the solvent m the flask. \Vben extrac- 
tion is complete the liquid is distilled and the 
lesidue recovered. 

\Vhero the required material is found m solu- 
tion it may often bo removed by agitating the 
liquid with a non miscible aolvent. For this 
purpose a j>ear- or tube shaped separating 
funnel is employed (Fjg. 9), one end of which is 
fitted with a stop-cock while the other ia closed 
with a stopper. liquid and solvent are 
thoroughly agitated in this apparatus and, after 
separatmg, the lower layer is run off through the 
stop-cock while the upper layer is poured through 
the top or drawn oQ through a glass tube oy 
means of suction. The number of extractions 
necessary will depend on the relative solubilities 


of the material in the original solvent and 
extracting medium. 

Estimation of Radicals Commonly 

OCCDRRING IS ORGANIC COMPOUNDS. 

In an article such as this it is not possible to do 
more than indicate a few of the most general 
methods avadable for the estimation of some of 
the typical radicals found in organic compounds. 

Hydroxyl. — Of two methods which are 
available the first depends on the formation of aa 
I acetyl derivative followed by the estimation of 
I this group (see under AceTYL p. 625), while in 
j the second there is determined the volume of 
I methane produced on interaction with metlnl 
I magnesium iodide (Gngnard’a reagent) : 

I R OH-(-CH,Mgl = R OMgl-l-CH, 

I This method is really an estimation of actne 
I hydrogen and can therefore be used also for the 
lestimation of sulphydryl (SH), imino- and 
I ammo- groups; it also follows that all reagents 
and apparatus must be scrupulously dried. 

I For tho procedure the substance (Ol-O25g) 



IS placed m a glass bottle (Fig. 10) together with 
I(l~20 mj. of dry amyl ether, phenetole, or 
pyridine. Excess of Grignard’s reagent in one 
of the above solvents la placed m a lube which w 
also inserted m the bottle and the latter then 
connected to the burette filled with dry mercury . 
The bottle is brought to constant temperature 
by immersing m a bath end the burette reading 
taken under atmospheric pressure. The contents 
of the tube and bottle are allowed to mix into 
thorough shaking and after all the methune has 
been evolved the tempcratuie is again allowed 
to become constant and the new burette readu^g 
is taken (Hibbert and Sudborougb, JCh. 
I9W. 85, 933; Zeremtinoff, Her. 1907. 40, 
2023). 

Met hoxyl . — This important radical occurring 
in many natural organic compounds is usushy 
determined by some modification of Zcisel* 
method, which consists in decomposing the 
matenai with hydriodic acid (free from sulpht^ 
compounds) or with a mixture of this acid and 
acetic Bubydride. The methyl imlide formed i* 
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absorbed in alcoholic silver nitrate and the 
precipitated silver iodide is weighed ; each 
-OCH3 is equivalent to 1 mol. of Agl. 

The simplest modification is that due to 
Perkin (J.C.S. 1903, 83, 1367) in which the 
substance (0'3-0-4 g.) and, the hydriodic acid 
(fl-7 (15 ml.) are placed in a 200 ml. distilling 
llask A (Fig. 11) having a long neck, the side 
arm being some 20 cm. above the top of the 
bulb. The flask is heated at 130°-140° in an 
oil-bath while carbon dioxide is passed through 
the apparatus. The methyl iodide is collected 
in two flasks B and containing respectively 
20 and 15 ml. of aqueous alcoholic silver 
nitrate made by dissolving 2 g. of the salt 
in 5 ml. of water and adding 45 ml. of pure 
alcohol ; one drop of nitric acid is also added to 
each flask. After heating the distilling flask for 
one hour the temperature of the bath is raised 
until the hydriodic acid boils gently hut without 
distilling into the side arm. The operation is 
complete when on substituting for B the 
V-tube D containing a few ml. of the silver 
nitrate solution no turbidity is noticed after 
1.5 minntes. The contents of the flasks are 
w.ishcd into a beaker containing 50 ml. of boiling 
water acidified with nitric acid and the silver 
iodide is collected after boiling for one to two 
hours. 



Hewitt and Jones (J.C.S. 1919, 115, 193) 
absorb the inethyl iodide in pyridine, thereby 
converting it into pyridine inetliiodide in which 
le iodine, being ionised, may bo estimated 
'J adding excess of standard silver nitrate 
•solution and determining this excess by Volhard’s 


A modification of Zeisel’s methodi 
linmts its use for the estimation of methy 
youps attached to nitrogen. Here the sub 
heated with hydriodic acid and drj 
mdide. To decompose the resultint 
tk C;’"'*'C)nium salt it is usually necessarj 

■iwi' ‘ ’f the residue to 300“- 

'• , tile evolved methyl iodide being absorber 
VoL. II.— 40 


as indicated above. It is obvious that a 
vessel must be inserted to catch the hydriodic 
acid, while it is also necessary to provide a trap 
containing a mixture of cadmium sulphate 
(5%) and sodium thiosulphate (5%) to retain 
hydrogen sulphide, hydriodic acid, and iodine 
(Herzig and Meyer, Ber. 1894, 27, 319 ; Monatsh. 
1894, 15, 613 ; 1895, 16; 599 ; for the adaptation 
to micro-analysis, see Pregl-Roth, “ Quantitative 
Micro- Analysis ”), 

Acetyl. — This radical is determined by 
hydrolysis either in alkaline or acid media. 
In the former case the substance is boiled with a 
known volume of an aqueous or aqueous- 
alcoholic standard solution of alkali excess of 
which is then found by titration. A control 
experiment is necessary to determine the 
changes occurring in the standard alkali during 
the process. In the original method of acid 
hydrolysis due to Wenzel (Monatsh. 1893, 14, 
478 ; 1897, 18, 659) the acetyl derivative is 
heated with dilute sulphuric acid (1:2) after 
which mono-sodium phosphate (NaHjPO^) is 
added, and the mixture concentrated under 
reduced pressure, the acetic acid which distils 
over being collected in excess of standard 
alkali. The phosphate serves to fix the sulphuric 
acid and prevent its decomposition with the 
liberation of sulphur dioxide. To prevent the 
possibility of sulphur dioxide being formed 
tJudborough and Thomas (J.C.S. 1905, 87, 1752) 
have recommended the use of aromatic sulphonic 
acids as hydrolysing agents. The substance 
(0-2 g.) is treated with 100 ml. of a 10% benzene- 
sulphonic acid solution and steam passed through 
so that 400 ml. of distillate are obtained per hour, 
distillation being continued until the liquor 
passing over is neutral. The acetic acid is then 
titrated with standard barium hydroxide. 

In a method due to A. G. Perkin (J.C.S. 1905, 
87, 107 ; 1907, 91, 1230) hydrolysis is eSected 
with sulphuric acid in the presence of alcohol 
whereby ethyl acetate is formed and removed by 
distillation into a known volume of standard 
alkali. The ester is hydrolysed and the excess of 
alkali then determined (see also Phillips, Ind. 
Eng. Chem. [Anal.], 1934, 6, 321). 

Carboxyl. — Provided that the molecular 
weight of the substance is known it is possible 
to estimate the number of carboxyl groups 
present either by the analysis of its neutral salts 
or by titration with a standard solution of a 
base. 

For the former procedure the silver salts are 
the most suitable, as they are generally anhydrous 
ns well as normal salts and, moreover, can, in 
most cases, be easily prepared by the interaction 
of a neutral salt of the acid with silver nitrate. 
Direct ignition of these salts leaves a residue of 
silver which may be weighed, but in some cases 
they decompose too violently for ignition and 
must then be heated with aqua regia, which 
destroys the organic matter and converts the 
silver into chloride which is weighed as such. 
A few also are sensitive to light and must bo 
protected from sunlight during iircparation. 
Certain aromatic hydroxycarbuxylic acids (e.r/ 
3;5-dinitro-p-hydroxybenzoic acid) take up 
two atoms of silver, one of them rejilaciiig the 
phenolic hydrogen. 
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Other salts which may be used are those of 
lead, copper (oftea suitable for amino^dds), 
calcium and barium, the last two being useful 
for dibasic acids with which they often form 
insoluble salts 

Titration methods usually employ barium 
hydroxide as the base although standard aqueous 
or aqueous aloohohc solutions of sodium or 
potassium hydroxide may also be used. The 
acid may be dissoleed either m water or neutral 
alcohol or ether, while the most suitable 
mdicator is phenolphthalein. 

The weaker fatty acids may be conreniently 
estimated by the following indirect method. 
1 g. of the substance is diasolced in alcoholic 
potash (the alcohol being at least 93%), and 
excess alkali is precipitated as carbonate or 
bicarbonate by saturatmg with carbon dioxide. 
After filtering the precipitate and washing with 
alcohol the filtrate is concentrated to remoxe 
alcohol and the residue containing the potassium 


Bait of the acid is heated with 10% aqueous 
ammonium chloride, the evolved ammonia 
bemg collected and estimated as in KjeldaU’s 
method (p. 619). 

Carbonyl. — ^The carbonyl group in ah 
aldehj'dea and some ketones (not mixed ketones 
or ketonic acids) may be detected by the 
green fluorescence produced when an aqueous or 
alcoholic solution is heated with a 1% solution 
of m-phenylenediamme hydrochloride. The 
radical is best identified, however, by its ability 
to form hydrazones with phenyl hydrazine 
or iU substitution products (especially 2 4< 
dinitropfaenylbydrazme) and semi’carba- 
zones with semicarbazide. These derivatives 
are usually well defined and crystalline. 

If in the production of a phenylhydrazone 
from a known weight of carbonyl compound and 
phenylhydrazine the excess of the latter is 
determmed, then it is possible to estimate the 
carbonyl group. The uncondensed phenyl- 



hydrazine IS decomposed by Fehhng's solution 
according to the following equation and the 
nitrogen liberated is measured . 

C, Hj-NH NH,-f-2CuO 

= C,H,+ H,0-1-N,-J-Cu,0 

Fehling’s solution is a two-solution reagent 
consisting of (a) G9 2S g. CuSO^.SHyO per litre 
and (&] 360 g. of Rochelle salt and 120 g. of 
NaOH per litre. Equal volumes of (a) and (b) 
are taken and mixed before use. 

For the estimation the apparatus in Fig. 12 is 
used and consists of a flask B connectedto a 
carbon dioxide supply A, and a reflux condenser 

D. The latter leads to the washing bulbs E 
containing a mixture of nitnc and salpbarie 
acids in molecular proportions and which 
serves to retain benzene from the gas which is 
then scrubbed free of acid fumes by passage 
through water. The nitrogen is finally collected 
over potash in the Schifl’s nitrometer. 

200 c c. of Fehling’s solution are placed in B 
and covered with a layer of petroleum to prevent 
absorption of the carbon dioxide in the alkaline 


liquor Tbe flask is heated on a water-bath 
and when all the air has been displaced by carbon 
dioxide a blank experiment is carried out using a 
known \oIume (10 ml) of standard phenyl- 
hydrazine solution (approx. 6%) together with 
aqueous sodium acetate (10%). This mixture is 
nin in through the dropping funnel, the stem 
of which is filled with water and tbe funnel 
rinsed out w ith hot water. The nitrogen evolved 
IS collected and measured. The experiment is 
now repeated using the same volume of the 
phenylhydrazine solution and aqueous sodium 
acetate to which has been added a known 
weight of the carbonyl compound. The 
ence in the volume of mtrogen now obtained 
is a measure of the carbonyl present in the 
anbstaDce (Watson Smith and Kaufller, Chem- 
hews. 1906, 93, 83). 

In some cases it is possible to evaluate the 
carbonyl group by estimating the amount of 
cuprous oxide formed in the above reaction. 
The oxide is filtered off, dissolved in standard 
ferric sulphate solution, and the ferrous sulphate 
produced is titrated with X/W potassium 
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permanganate (Smedley MacLean, Biochem. J. 
1913, 7, 611). 

Alternatively, uncondensed phenylhydrazine 
may be allowed to react with excess of N/10- 
iodine solution which is then hack-titrated with 
thiosulphate : 

C6H5-NH-NH2+2l2=3HI + C6Hjl + N2 

Estimation of Niteo- Geoups. — ^This radical 
is usually determined by reducing it to the 
corresponding amino-group either with standard 
stannous chloride or titanous chloride solutions. 
The latter method is, perhaps, the more 
commonly employed and a brief description of it 
is given. 

The titanous chloride, of about N/SO strength, 
is made up by boiling 50 ml. of commercial 20% 
solution with 100 ml. of hydrochloric acid, 
cooling, and diluting to 2^- litres. This is stored 
in a bottle connected with a burette and an 
atmosphere of hydrogen is maintained through- 
out the apparatus. The solution is standardised 
by means of a ferric salt solution using potassium 
thiocyanate as the indicator, a relatively large 
amount of the latter being necessary to produce 
a sharp end point. The nitro- compound, if not 
soluble in water or hydrochloric acid, may be 
dissolved in alcohol although in this case a 
blank experiment must be made to correct for 
any reducing action of this solvent. Alter- 
natively, substances insoluble in water maybe 
rendered soluble by sulphonating with fuming 
Bulphurio acid. Whichever method is adopted 
the nitro- solution is made up to approximately 
A/SO, a known volume taken, and this reduced 
with excess of titanous chloride by boiling for 
6-10 minutes in an atmosphere of carbon dioxide. 
After cooling, the excess of the reductant is 
estimated by titrating with standard ferric 
alum solution. From the equation 

BTiClj-fRNOj-l-eHCl 

= 6TiCl4-f R-NHj-b2HjO 

the percentage of nitro groups present may be 
calculated : 

1 ml. of 0-03N-TiClg=0-23 mg. NOj. 

Azo Geoups. — ^Titanous chloride may also be 
used to estimate azo groups, especially in 
dyestuffs, and in many cases these act as their 
own indicator, being decolorised on reduction. 
For this purpose it is necessary that the dye be 
soluble in dilute hj’drochloric acid, otherwise the 
indirect method used for nitro-groups must be 
adopted : 

RN:NR'.p4TiCl3-f4HCI 

= RNH2-fR'NH2-l-4TiCli 

Estimation of Oeoanic Amines. — ^Amines are 
divided into three classes, primary, secondary 
and tertiary, depending on whether the nitrogen 
atom is linked respectively to one, two or three 
organic radicals, these being either aliphatie or 
aromatic groups. The nature of the attached 
groups governs largely the reactions of each 
of these classes and also influences the strengths 
of the amines as bases. 

Peimaey Amines, RNHj. — A ll primary 


amines when heated in alcoholic solution with 
chloroform and caustic potash produce carbyl- 
amines (tconitriles) RNC, which possess 
pungent, disagreeable odours. 

All such amines also react with nitrous acid, 
but w’hereas with aliphatic bases there is an 
immediate formation of an alcohol ivith simul- 
taneous liberation of nitrogen, aromatic amines 
first furnish diazo- compounds which decompose 
only slowly at room temperature although 
nitrogen is quickly evolved on warming. 
RNH2-t-HN02=R0H-(-Hj0-t-N2. In the 
case of alkylamines the nitrogen can be collected 
and measured, thus serving to estimate the 
proportion of amino group present. The pro- 
cedure is carried out by adding sodium nitrite 
solution to a known weight of the amine dissolved 
in excess of hydrochloric acid, the evolved 
nitrogen is collected in a nitrometer after 
passing through ferrous sulphate and alkaline 
(NajCOj) permanganate solutions which serve 
to remove oxides of nitrogen. There is less risk 
of contamination with these oxides if nitrosyl 
chloride be used, this reagent being made by 
adding fuming hydrochloric acid to 40% aqueous 
sodium nitrite. 

Aromatic primary amines may bo estimated by 
dissolving a weighed amount in excess of hydro- 
; chloric acid and titrating at 0° with standard 
sodium nitrite, the end point being reached 
when a drop of the liquor dropped on to starch 
iodide paper gives a blue colour. The nitrite 
solution may be standardised against sodium 
sulphanilate, (NH 2 ’CgH 4 "S 0 jNa- 2 H 20 ), p- 
toluidine, or potassium permanganate. 

Primary aromatic amines may be determined 
in a mixture with secondary or tertiary amines 
by diazotising with an excess of sodium nitrite 
and coupling the solution with a known volume 
of standard E-salt solution. The dye is pre- 
cipitated with salt, filtered, and the filtrate 
examined to see whether the R-salt or diazonium 
salt be in excess. The experiment is then 
repeated using more or less E-salt until the 
point is reached when neither E-salt nor diazo- 
compound appears in the filtrate. 

Estimation of Imino Geoups in Secondaey 
Amines. — A known weight of the material is 
acetylated by heating with a given weight of 
acetic anhydride either alone or admixed with 
diy xylene, dimethylaniline, or pyridine, the 
reaction being carried out in a flask fitted with a 
reflux condenser. Excess of the anhydride is 
then hydrolysed with water and the resulting 
acetic acid is titrated with standard alkali using 
phenolphthalein as indicator. In this way the 
weight of acetic anhydride required to 'acetylate 
the amine is found. 

Tertiary amines and the , quaternary 
ammonium salts do not exhibit the above pro- 
perties, but all give characteristic salts, such as 
aurichlorides or platinichlorides which may be 
employed to determine the amount of basic 
nitrogen present. For this purpose the double 
salts are ignited and the resulting gold or 
platinum is weighed. In most cases these auri- 
and platini-chlorides have the general forniulaa 
RHCl-AuCIg and (RHCI) 2 ‘PtCl 4 respectively, 
so that one atomic proportion of gold or half an 
atomic proportion of platinum is equivalent to 
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one basic nitrogen Atom. In certain cases salts 
of anomalous composition Arc met vitb and it is 
therefore desirable that the analysis of other 
suitable compounds such as chromates, thio* 
cj anates, ferrocyanides, picrates, etc., should he 
undertaken. G. T. M., G. R. D. 

CIIROMATOGRArHIC ANALY'SIS. 

ChromatogTAphic analysis is a method of 
separating mixtures of organic compounds by 
allowing a solution to percolate through n 
tertical column ofaBuitablasdsorbent, on which 
the individual components are adsorbed with 
varying degrees of fastness. The column is then 
washed with the pure solvent (developed), 
when the less easily adsorbed compounds 
gradually move further down the column, until, 
in the ideal case, each component of the mixture 
occupies a dehnitc zone; these can then be 
isolated and the adsorbed material recovered by 
extraction with a suitable solvent (elution). 

The method thus takes advantage of the fact 
that differences in structure often have a much 
greater effect on the adsorbability of compounds 
than on their solubility j the term ” chromato- 
graphic " was applied to it because it waa 
originally employed to separate mixtures of 
natural pigments, which form coloured zones on 
the adsorbent, but it is of very wide application 
and affords an extremely delicate meana of 
separating even closely related compounds 
whilst experimental losses are very email. 

The apparatus illustrated in Figs, lo-lc and 
2 is suitable for small-scale work : 




10-20 cm. lengths of narrow glass tubing 
filled w ith adsorbent resting on a plug of cotton 
wool kept in place by a restriction near the 


bottom of the tube arc convenient for micro- 
work and A. IVinterstein (Z. physiol. Chem. IO33, 
220, 263) has designed apparatus for hnndlm" 
la^er quantities ; it is, however, sometimes con 
venient to perform a la^e-scale separation by 
employing a large number of small tubes (Zech- 
meister and Cholnoky, Annalen, 1933, 516, 3'). 
For experimental details, see the revieas quoted 
below. 

Although a mixture of unknown composition 
may require prebminary tests to decide tho 
most suitable adsorbent, aluminium oxido is 
generally quite successful. Even commercwl 
grades are often serviceable (Koschara, Z 
physiol. Chem. 1930, 239, 89), although these 
vary in adsorptive power and may contain 
an appreciable amount of alkali ; for this reason 
it is advisable to use tho special standardised 
products such as Merck’s “ Aluminiuraoxjd 
nach Brockmann ’’ Other useful adsorbents are 
powdered sugar, calcium hj’droxide and 
carbonate, magnesium oxide, and mixtures of 
these As solvents for the primary adsorption, 
petroleum, benzene, water, ether, chloroform, 
and cArbon disulpjudo hare been employed, 
whilst pyridine, alcohol and acetone arc more 
often suitable as eluting agents. 

The chromatographic method was first used 
by Tewett (Ber. deut. bot. Ges 1006, 2i, 316) 
and to a small extent by Willst&tter (“Chloro- 
pbyllbuch,” Berlin, 1013, p. 157). With tho 
exception of a few references m tho literature 
(tff. Palmer and Erclcs, J, BjoI. Cbem. 19)4, 
17 . 191 i Coward, Biochem J. 1024, 18, 1114] 
the method was abandoned until the present 
decade, when R. Kuhn and his co workers 
achievM remarkable results in the field of caro- 
tenoid pigments (for a summary of the earlier 
results, eee Willstaedt, Svensk Kern. Tidskr. 
1936, 48. 32), since when chromatosrsphio 
analysis has become the standard method of 
examining bpochrome pigments from tho most 
varied sources, such as human fat, blood serum, 
etc. With extremely sensitive materials such ns 
tho carotenoids, even chromatographio ad 
sorption may lead to isomerisation, as in the 
conversion of p carotene to 0-a-caroteno on 
fvpeat»i adscept^ja uir uAwirivn* 
el Ridi, Biocbem. J. 1936, 30, 1733). 

The method has been applied with complete 
success to the separation of many other natural 
pigments, such as anthocyanins, a- nml ^- 
chlorophyll, the pigments of bile, fungi, 
bacteria, etc. Of particular interest are thow 
cases where the analysis was performed in 
aqueous solution (flavines, thiochrome, corpm 
luttum pigments, dyestuffs, urine porphyrins). 

In the instances cited above the colour of the 
pigments makes the demarcation of tho adsorp- 
tion zones easy, but any other simple qualitative 
test for the presence of an adsorbed compound 
may serve the same purpose even though ci^oiir 
is lacking. Ileteroauxin was thus isolated by 
using a sensitive colour test (Kogl and co- 
worken, Z. physiol. Chem. 1934, 228, 90), u hilit 
it Is sometimes poaiiWo to convert the coin- 
pounds under examination into coloured denva- 
tiles such as dinitrobcnzoates or dinitropbcnyl- 
hydraxoncs (Strain, J. Amer. Chem. Soc. 1935. 
57 , 758). Brockmann (Z. physiol. Chem. 1936. 
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241, 104) has isolated vitamin D from tunny- 
liver oil by an ingenious application of the 
chromatographic method, in which a coloured 
indicator of approximately the same adsorba- 
hility as the vitamin was added to assist in 
following the separation. A distinctive fluores- 
cence, especially in ultra-violet light, is a con- 
siderable aid when working with aromatic 
compounds (ultra-chromatography), and Karrer 
and Nielson (Zangger Festschrift, Zurich, 

1934, 954) and Winterstein and co-workers 
(Z. physiol. Chem. 1934, 230, 148, 158, 169 ; Ber. 

1935, 68, [B], 1079) have achieved some striking 
separations in this way. It is sometimes 
possible to effect a separation without any 
such aid in cases when the ciimponents of a 
mixture differ very markedly in their adsorptive 
capacity, as in the mixtures of hydrocarbons and 
ketones examined by Winterstein (i.c.) ; Mark 
and Saito (Monatsh. 1936, 68, 237) have applied 
the method in this way to the fractionation of 
highly polymerised materials (acetyl cellulose). 

Of the recorded failures of the method to 
effect a separation may be quoted that of 
Kuhn and Grundmann (cited by Winterstein, 
Z. iihysiol. Chem. 1934, 230, 263) with a mixture 
of bixin dialdehyde and the corresponding 
aldehydo-acid, and that of Ruggli and Jensen 
{ Helv. Chim. Acta, 1935, 18, 624) with a pair of 
<lyc3tuffs of the formula : 


NH 



N;N 


SO.H 


NHj 

( 


HO3S 


one of which had R = H and the other R = C H 3, 
although another very similar pair of compounds 
could bo separated without difficulty. 

Among general reviews on the subject may bo 
mentioned : A. Winterstein, “ Handbuch der 
Ptlanzenanalyse,” Wien, 1933, iv, 2 ; WiUstaedt, 
Ic.; Lederer, Chim. et Ind. 1935, 33, 1072; 
Zeehmeister and Cholnoky, Monatsh. 1936, 68, 
63, and “ Die Chromatographische Adsorptions- 
methode,” Wien, 1937; A. H. Cook, J.S.C.I. 
1936, 55, 724. G. A. R. K. 

QUANTITATIVE MICROANALYSIS. 

Quantitative microanalysis relates properly to 
estimations carried out on very small samples 
(say, from 0'5 mg. to some 20 mg., but usually 
about 5 mg.) of initial material, using a micro- 
chemical balance capable of weighing to about a 
thousandth of a milligram. It is thus a special 
process in cases where only small samples are 
a'ailable ; and, in the general case, an alterna- 
"e to the older macroanalysis, which employs a 
sample some fifty times heavier and makes use 
' ■u. ^‘}(®nco sensitive to about a tenth of a 
auligram. Analysis at a stage intermediate 
employs a sample of some 20 mg. 
0 60 mg. and is referred to as semimicro- 
balysig ; whereas at the stage of highest refine- 
aeiit with a sample of a few thousandths of a mg. 
a lew ug.)^ it ij, termed ultramicro-analysis. 

processes are comparatively 


Quantitative microanalysis is essentially the 
application of the ordinary methods of chemical 
analysis on a reduced scale ; in many cases the 
details of the micro- and macro- processes are 
closely similar, although in others, improve- 
ments, modifications, or new methods have 
been introduced. The more accurate of the older 
methods are surprisingly readily' adaptable to 
the micro-scale, offering a field for investigation 
which is still wide. Apart from the fact that it 
makes possible the examination of biological and 
other materials available only in very' small 
quantities, micro-analysis is probably in general 
rather more accurate than the older process and 
possesses marked advantages ov'er it in respect 
of ease of working, time required, bench space 
occupied by the apparatus, and cost of chemical 
reagents and of power. For these reasons it is 
increasingly replacing the macro-method in work 
of academic character and even in industrial 
chemistry. The chief disadvantages of the 
reduced scale are the higher cost of the 
micro-chemical balance and the greater care 
required in sampling, testing of reagents, and 
manipulation. The technique of microchemistry' 
may be acquired with ease by anyone used to 
chemical analysis. 

The production of a simple, invariable and 
durable chemical balance, weighing to about 
O'OOl mg., with a load up to 20 g., was 
achieved by W. H. Kuhlmann of Hamburg in 
1912. F. Pregl, and also F. Emich, in Graz. 
Austria, were enabled by means of this balance 
to develop to the present microanalytical stage 
the small-scale methods of organic and inorganic 
analysis which they had already initiated 
with a less sensitive Kuhlmann balance. Prcgl’s 
work is more especially associated with the funda- 
mental determinations of the elements in organic 
compounds and is justly renowned, whilst that 
of Emich relates chiefly to inorganic and general 
chemistry and is not so well known as it deserves 
to bo. Only a few of the methods worked out by 
them, by their collaborators, and by others can 
be mentioned here. In all cases the literature^ 
must be consulted for tho fuller details of 
apparatus and manipulation. 

The Microchemical Balance . — For an account 
of some of the forms of this instrument now 
available {v. Balance, also Bibliography). 
Experience shows that the ordinary precautions 
suffice for the setting up and use of a micro- 
balance ; operation of the instrument is as 
simple and rapid as with an ordinary chemical 
balance. Microbalances are usually short-beam 
balances of the Bunge type, improved by the 
careful grinding and sotting of the knife-edges 
and by increasing the rigidity of the beam ; they 
require little attention during years of use. 
With regard to the maintenance of the standard 
weights, see J. J. Manley, Phil. Mag. 1933, (vii), 
16, 489. A. E. Conrady has described a methotl 
of employing an ordinaiy analytical balance as a 
microbalancc, by providing a simple brake 
arrestment for the pointer (v. Balance, Tho 
Conrady Method of Weighing; W. H. ,1. Vernon, 
Chem. and Ind. 1934, 53, 211 : F. Emich, 
Abderhnlden’s “ Handbuch der biologischcn 
Arbeitsmethoden,” Sect. I, Pt. 3, 183). W. II. 
Kuhlmann (see C. Weygand, reference (3) in 
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Bibliography) and othera have constmcted 
ultra-mlcrobalanees (see also E. 'Wiesenbe^er, 
Mikrochemie, 1932, 10, 10). 

In weighing apparatna with the micro* 
chemical balance, tarea are usnally em^Joyed 
BO as to avoid the too frequent handling of 
standard weights and to obviate volume 
corrections. Thus, in general, the di&erencea 
of weight observed in analysis are read in 
mdhgrams and fractioas from the rider-acale 
and pointer-scale of the balance. Convenient 
tares are small glass bottles contauung fine 
lead shot, or suitably bent lengths of thick 
aluminium wire. These counterpoises are kept 
with the weights in the balance case, so that their 
weight is practically invanable if weighings are 
made within the same day. For difference 
weighings the desiderata are constant conditions 
of temperature, pressure, and humidity tciiAin 
tht balance room ; only m very rare cases do 
changes in the weather cause appreciable 
errors during one day, provided that the 
balance case is not exposed to direct ennhght. 
The effect of surface occlusion of moisture on 
objects weighed is usually neghgible when weight 
differences are observed, for the objects are 
brought to the same state at each weighing by 
cleaning the surfaces and allowing ^e same 
degree of moisture occlusion to be attained. 
Small objects (such as silica combustion boats, 
micro crucibles, etc.) are surpruuigly constant 
in weight even over periods of weeks, unless 
ignited in free flsmes or exposed to solvent 
action Thus, within the baits of accura^ of 


microchemistry, humidity changes have only a 
very slight effect. Dust in the laboratory air u 
quite without effect, since it is easily excluded 
ftom reagents, from objects neighed, sod 
from the balance case; the filtration of air 
sometimes adopted in microchemical laboratories 
is therefore superfluous. The precautions to be 
used in microchemical work chffer, in fact, bat 
little from those in ordinary good macrochemical 
etaslyeis. 

Determination of Carbon and Hydrogen. 
—The method of Pregl, elaborated during the 
years 1910 to 1916, is essentially a modification 
oflaeb^’s combustion method. This, the most 
difficult and certainly the most important of 
Pregl’s methods, has probably not yet evolved to 
a final form. The substance (some 3 to 5 mg ] 
is we^hed into a small boat (of platinum, 
sihca, or porcelain) and burnt with ox;ygen and 
air in a hard-glass combustion tube (about400 
mm. long and 10 mm. wide) provided with an 
oxidising and absorbing filling; the water 
(some 1 or 2 mg.) and carbon dioxide (some 8 or 
10 mg ) are coUected in glass absorption tubes 
and weighed. The filhng (Pregl's “ universal 
filling ”) for the combustion tube consists of 
silver wool (to absorb halogens), lead peroxide 
(to absorb oxides of rutrogen), a choking plug of 
compreased asbestos (to control the gas flon], 
all kept at 190° by means of a short beating 
mortar, and a mixture of lead chromate (to 
absorb sulphur, etc.), and copper oxide; the 
arrangement of the filhng is shown in Fig. 1. Tbs 
absorption tubes are of the typo shown in Fig. 2, 



Silver PtBoat 
Wool 
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the essential feature being the terminal capil- 
laries, which ensure constancy of weight when 
the tubes remain open to air for a quarter of an 
hour. They are sealed with a vapour-free 
cement at the stoppers. The entering gases are 
purified by means of a drying tube or train; 
their pressure is controUM by means of a 
simple gauge, and their volume is measured by a 
water-droppmg flask (Manotte flask) attached at 
the exit end of the absorption tubes. The 
Manotte flask also enables suction to be applied 
to the tube system. The analysis takes about 
an hour from start to finish, and uses some 
180 c.c. of gas; the volume of gas may be 
increased but must be kept constant in a aeries 
of analyses. Glass to glass connections are 
made as far as possible throughout; all rubber 
tubes used in the connections are freed from 
volatile Bubetaoces, and are made non-permeable 


by impregnation with paraffin wax. Ga» 
healing of the combustion tube is usual, but 
electrical devices have been employed. It must 
bo understood that numerous modifications of 
Pregl's apparatus have been proposed or are 
m use. Pregl used calcium chJonde and sods 
lime m the drying and absorption trams, but 
this necessitates frequent refilling of tbw 
tubes (according to Pregl, after every five or six 
anai^’ses). Sfore efficient modern substitutes sre 
phosphorus pentoxide on glass wool, or mag- 
nesium perchlorate {“ anhydrone ”), for the 
calcium chloride, and caustic soda on asbestM 
granules (“ascante” or " natronasbest ) 
for the soda lime; the absorption tram then 
serves for at least 20 analyses and the di3'>''8 
train for about 100. Owing to the vapour 
pressures of the hydrates of calcium chloride, 
this substance has many disadvantages ; 
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phosphoric oxide, the best desiccating agent, 
was substituted for it by G. Kemmerer and 
L. F. Hallett in a rapid-flow apparatus for the 
microanalysis of lake deposits (see Ind. Eng. 
Chem. 1927, 19, 173, 1352), and was later used 
by H. D. K. Drew and C. R. Porter (J.S.C.I. 
1928, 47, 17T) in the Pregl apparatus. The 
latter authors showed that the Pregl combustion 
tube after thorough desiccation absorbs water 
during the combustion of a substance containing 
hydrogen and only slowly liberates it even to 
perfectly dry gas. The tube is therefore not an 
“ absolute ” tube and analyses can only be 
carried out in succession after the tube has 
attained a “ normal ” state ; this is ensured by 
first thoroughly burning out the tube and then 
performing one combustion, which is neglected. 
Thereafter, if the tube, when not in use, be kept 
efficiently sealed with a phosphorus pentoxide 
stopper-tube, successive analyses can be 
correctly carried out. For the maintenance of 
the normal state, it is essential that the cold 
tube should never be open to the atmosphere ; 
it is best, therefore, to keep the tube, when not 
in use, under a slight permanent pressure of dry 
air or oxygen. It should then remain per- 
manently in the “ normal ” state. For the 
equilibria in the apparatus, the foregoing paper 
(Drew and Porter) may be consulted, together 
with the following works : M. Boetius, “ Uber 
die Fehlerquellen bei der mikroanalytiachen 
Beatimmung des Kohlen- and Wasserstoffes,” 
Verlag chemie, G.m.b.H., Berlin, 1931 ; J. 
Lindner, “ Mikro-massanalytische Bestimmung 
des Kohlenstoflies imd Wasserstoffes mit grund- 
legender Behandlung der Fehlerquellen in der 
Elementaranalyse,” Verlag Chemie, G.m.b.H., 
Berlin, 1935. Practically all classes of organic 
substances can be estimated in the Pregl 
apparatus, including organo-metallic compounds. 
The accuracy is the same as that in the most 
efficient macro-methods. 

Methods for determining carbon in the wet 
way, using sulphuric acid and potassium di- 
chromate to efifect preliminary decomposition, 
have been described (e.g. H. Lieb and H. J. 
Krainiok, Mikrochemie, 1932, 10, 99). 

Determination of Nitrogen. — (1) PregVs 
Micro-Dumas Method. This method closely 
resembles the macro-method. It is valid for most 
types of substances, though difficult cases occur 
where the substance requires prolonged heating 
in order to set free all the nitrogen. The 
powdered substance (some 5 mg.) mixed with 
fine copper oxide is burnt in a stream of 
pure carbon dioxide from a Kipp’s apparatus in 
a combustion tube, identical with that just de- 
scribed but containing coarse copper oxide and 
also a length of reduced copper. The nitrogen 
produced (about 0-5 c.c.) is collected over 50% 
potash solution in a small azotometer. The 
reduced copper, which removes the oxygen 
from any oxides of nitrogen, is placed well 
withm the tube, so that the gas, after passing It 
n layer of hot copper oxide 
which is becoming cooler towards the azoto- 
meter : this serves, It is supposed, to re- 
oxidise any carbon monoxide generated by 

he action of the hot copper upon the carbon 
Qioxide (on the effect of traces of iron or zinc 


in the reduced copper, see Cherbuliez, Helv. 
Chim. Acta, 1920, 3, 652). The analysis takes 
about an hour and the results are very accurate. 
The main theoretical weakness of the method 
lies in the fact that 2% of the volume of nitrogen 
read must be subtracted in order to compensate 
for the volume of the potash solution adhering 
to the azotometer tube, for the vapour tension 
of the potash solution, and for nitrogen occluded 
in the copper oxide. Although the correction 
cannot thus bo strictly proportional to the 
volume of gas, it appears to be sufficiently 
accurate when, as is usual, the volume is near 
0-6 c.c. This method of analysis, which is 
adaptable to the cases of liquids also, is readily 
mastered. In some cases it is possible to apply 
it in the absence of a microbalance, by making 
up a solution of the given substance (O-l g.) in a 
solvent like carbon tetrachloride, mixing an 
aliquot part with copper oxide and allowing the 
solvent to evaporate ( J. B. Niederl, 0. R. Trasitz 
and W. J. Saschek, Mikrochemie, Emich Fest- 
schrift, 1930, 210, 232). 

(2) The Micro- Kjeldahl Method . — ^Little need 
be said of this useful method, since it closely 
resembles the macro-method. It has the 
advantage over the latter that the preUminary 
decomposition with sulphuric acid to give 
ammonium sulphate usually occupies a much 
shorter time, particularly if a few drops of 
hydrogen peroxide are employed at intervals in 
addition to the usual reagents. The distillation 
of the ammonia is conducted in a compact 
[apparatus of the Parnas and Wagner type 



(Fig. 3) (Biochem. Z. 1921, 125, 253). The 
process Is subject to much the same disabilities 
as the macro-method, failing with certain types 
of compounds (e.g. nitro-compounds, hydrazine 
derivatives) unless preliminary' reduction is 
effected. According to A. Friedrich (Z. physiol. 
Chem. 1933, 216, 68) this is most conveniently 
carried out by heating with hydriodic acid ; 
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case of this element the nitric acid must bo 
removed by evaporation and the subsequent 
precipitation of tellurium completed in the 
presence of hvdrazine hydrochloride (H. D. K. 
Drew and C' H. Porter, J.C.S. 1929, 2091). 
These methods arc adaptations of those used on 
the macro-scale. 

Determination of Phosphorus. — The 
available methods arc similar to those used in 
macro-analysis : the phosphorus is transformed 
to phosphoric acid by oxidation, cither in the 
■wet ■\vay with nitric and sulphuric acids or bj' 
fusion with sodium carbonate-sodium nitrate ; 
the phosphorus is preferably determined gravi- 
mctrically as ammonium phosphomolj’bdate, 
or it may be determined volumetrically. 

For the decomposition with acids, the sample 
is heated with about 0-3 c.c. of concentrated 
sulphuric acid containing a few drops' of con- 
centrated nitric acid, until a clear solution is 
obtained ; occasional addition of a few drops of 
aqueous hydrogen peroxide to the cooled vessel 
hastens the decomposition. The decomposition 
by fusion may bo effected in a platinum vessel 
placed in a hard-glass tube heated in a slow 
current of o.xygen. Precipitation of the 
ammonium phosphomolybdate is carried out 
under standardised conditions (see R. Kuhn, 
Z. ph 3 ’siol. Chom. 1923, 129, 04) ; it may be 
collected upon an asbestos filter, washed finally 
with acetone or other, and dried in a vacuum. 
The weight of phosphorus is obtained from that of 
the phosphomolj’bdate by multiplying by the 
factor 0-0145 (N. von Lorenz, Z. anal. Chem. 
1912, 51, 161). The phosphomolybdate pre- 
cipitate may bo determined volumetricaUy by 
dissolving it in c.xccss of dilute standard caustic 
soda, boiling off the ammonia, and determining 
the excess of alkali in the presence of phenol- 
phfhalein (see Bioohem. Z. 1920, 104, 23). 

Determination of Arsenic. — This can be 
effected, according to Pregl, by preliminary 
decomposition to arsenic acid in a raicro-Carius 
tube with nitric acid, followed by precipitation 
of the arsenic as magnesium ammonium 
arsenate, collection upon a micro-Neubaucr 
filter, and ignition to magnesium pyroarsenate 
MgjAsjO,. Decomposition of arsenic com- 
pounds can also be effected with sulphuric acid 
and hydrogen peroxide in an open vessel, as for 
phosphorus compounds. 0. Wintersteiner 
estimates the arsenic acid volumetrically by 
reduction with hj-driodic acid and titration of the 
liberated iodine (Mikrochemie, 1926, 4, 155). 

The Micro-Determination of Metals. — 
fregl showed that, where they are unaccom- 
panied by other non-volatile constituents, many 
metals can bo determined by simple ignition 
with sulphuric acid or rvith nitric acid, or both, 
in a suitable boat or crucible, heated in a stream 
of air or other suitable gas maintained in a bent 
hard-glass tube {“ micro-muffle ”). This 
method is extremely useful and accurate; 
thus, the alkali and alkaline-earth metals, 
manganese, cobalt, and other metals can 
be determined ns sulphates ; copper, aluminium, 
iron, tin, and others ns oxides ; and palladium, 
platinum, and gold as the free elements. 

I nah-sis maj-tsometiracs bo performed with less 
than 1 mg. of material. 


For separation and determination of metals, 
see Emich (op. cit.) and, in general, Mikrocheniie 
publieations. Only a few tj’pical instances will 
be mentioned here. 

(a) The classical methods of macro-analj’sis, 

in inorganic as well ns in organic work, maj’, 
often readily, be adapted to the micro-scale by 
careful attention to detail. As an example, 
the microanalysis of a mineral beryllium 
silicate, in which the beryllium, magnesium, 
aluminium, iron, and phosphorus were deter- 
mined bj’’ A. Bcnedetti-i’iohler and F. Schneider 
(Mikrochemie, Emich Festschrift, . 1930, 1 ) 

may bo consulted. The simultaneous micro - 
determination of platinum and potassium and 
also of iridium and potassium can also be effected 
by simple methods (H. D. K. Drew, H. J. Tress, 
and G. H. Wyatt, J.C.S. 1934, 1787) ; whilst 
manj' other instances may be found in tho 
literature. 

(b) Tho quantitative separation of motals by 
special organic precipitants is often applicable 
on the micro-scalo. Some examples are : the 
precipitation of copper by means of a-benzoin- 
oximo (R. Strebingor, Mikrochemie, 1923, 1, 
72) ; that of thorium by means of picrolonic acid 
(F. Hccht and W. Ehrmann, Z. anal. Chem. 
1935, 100, 87) ; zinc by moans of quinaldinic 
or anthranilic acid (P. R. Ra 3 ' and M. K. 
Bose, Mikrochemie, 1935, 17, 11 ; 18, 89; 
C. Cimeran and P. Wenger, ibid. 1935, 18, 53) ; 
bismuth by means of p 3 Trogallol (R. Strobinger 
and E. Flaschner, ibid. 1927, 5, 12). 

(c) Electro-analysis (e.g., tho determination of 
copper by Pregl, and that of mercury by A. 
Verdino, ibid. 1928, 6, 5) and ncphelomotry 
(e.g. for mercury by S. I. Sinjakova, Z. anal. 
Chem. 1935, 100, 190; and for aluminium b 3 ' 
P. Meunier, Compt. rend. 1934, 199, 1250) 
arc sometimes appUcablo on the micro-scale. 

Volinnetric Work. — Pregl and others have 
shown the feasibility of carrying out titrations 
with very small quantities of liquids and have 
described micro-burettes with capacities ranging 
from O'l c.c. to 10 c.c., with deliveries ranging 
from less than 0-0001 c.c. to 0-01 c.c. (for details, 
consult PregTs book, and, e.i 7 .,Biochem. J. 1925, 
19, 270; Mikrochemie, 1933, 13, 1). Tho 
volumetric micro-methods have been used in 
alkalimetr 3 ’, acidimetry, iodimetry, and numerous 
other processes, among which the determination 
of carbox 3 d (Pregl) and of amino-acids (W. 
Grassman and W. Heyde, Z. physiol. Chom. 
1929, 183, 32) may be mentioned. Some of tho 
volumetric processes have already been referred 
to in the foregoing sections. 

Determination of Special Groupings in 
Organic Compounds. — The Zeisel method for 
the estimation of alkoxyl groups, particularly 
methox 3 'l, is readily reduced to tho micro-scale, 
with a great improvement in accuracy and 
rapidity; in addition, only about 2 c.c. of 
h 3 ’driodio acid is required for a determination. 
The gas is washed by a suspension of red phos- 
phorus in 'Water ; or, better, by aqueous sodium 
thiosulphate containing cadmium sulphate (see 
Z. physiol. Chem. 1927, 163). Pregl has described 
elegant apparatus for the purpose (Fig. 5) in 
■which the decomposition vessel and the washing 
chamber are sealed together ; gravimetric or 
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Tolumetric determination of the evolTcd aU^l 
iodide may be made [tee Pregl’s work, and abo 
Monatsh. 1915, 36, 853). Glycerol can bo 
determined as «ao-propyl iodide. Methozyl 
and ethoxy 1 can be dctermmedeimultaneondy 
(Z. physiol. Chem. 1923, 127, 190). It ahoold 
be noted that the estimation of methoxyl 
sometimes fails in the presence of sulphur; 
but certain aromatic solphonic acids have been 
found to give correct values 

2Ielhyhmtno Groups can be estimated by a 
method worked out by Prcgl and his pupils, 
which 13 essentially similar to the foregoing 
process but is conducted more vigorously. 
Acetyl and benzoyl groupings can also be deter- 
mined. By measured saturation with hydrogen, 
R. Kuhn and others have determined double 
bonds present in organic componnda (e.g. 
Angew. Chem. 1934, 47, 145, J. pr. Chem. 
1935, [ii] 143, 3). For the determination of 



iodine rofurs, see J Bocseken and P. Pols, 
Rec. trav. chim. 1935, 54, 162. 

Physical Determinations. — Many micro- 
methods for physical determinations have been 
described, of which only a few examples will be 
given. The boiling-point of a solid or bquid, 
up to about 250^, can be determined with an 
accuracy of 1® using as little os 2-5 mg. of the 
substance, according to H. Roth (f.c., p. 225). 
F. Emich describes methods for fractionating 
mixtures of a few* drops of each of two bqtuds 
and determining the boiling points. Deter- 
minations of density, optical rotatory power, and 
molecular weight can be made on 10 mg. or less 
of substance. For the determination of mole- 
cular weight, the Rast and the Barger method 
has been employed; but the most important 
method is that of F. Pregl and H. Lieb, which 
makes use of a micro ebuUioscopic apparatus 
of the Beckmann type, in which 1-5 c-c-ofeolvent 
la heated by means of a micro-burner; this 


method and also the electrical method of boiliM 
small quantities of solvents are subject to some 
uncertainty owing to the difficulty ofehminstmg 
soperheatmg effects. 

Concluding Hetnarks . — ^The work on micro- 
chemical analysis during the past 25 years has 
shown that a large number of the standard 
methods of analysis can he carried out with 
equal accuracy, and with greater ease and ele- 
gance, on the mg. scale; and, in fact, therew 
httle reason to anticipate that any of them is 
incapable of such transformation. The ten- 
den^ in the future w ill doubtless bo in the direc- 
tion of a Btill further reduction of scale, into 
the region where the accurate analysis of veiy 
minute particles of matter may be expected to 
afford invaluable information to the biologist. 
Here, however, at may he predicted with 
some confidence that far greater changes of 
technique wiU be necessary, for it is probable 
that some of those fluctuations (for example 
the humidity effect) which are of secondary 
importance in micro-chemical measurements 
may become prime considerations in the sub- 
microchemical region. 

Bibliography — (1) F. Pregl, “ Quantitstiie 
Organic Microanalyais ” (transl by E. Fyleman), 
J. ti A. Churchill, London, 1924 ; (2) a further 
edition of the foregoing H. Roth, “ Quantita- 
tive Organic Microanalysis of Frits Pregl” 
(trans! by E. B. Daw), J, & A Churchill, 
London, 1937; (3) C. Weygand, “Quantitative 
analytische Mikromethoden der Organischen 
Cbemie,” Akad. Verlags Gesellachaft mb.H. 
Leipzig, 1931 ; (4) A. Friedrich, “ Die Praxis 
der quaniitativcn organischen Mikroanalyee," 
Franz Deuticke, Leipzig, 1933; (5) F. Emich, 
“Lehrbuch der Mikrocheraie,’’ 1926, and 
“ Mikrochemisches Praktikum,” 1931, J. P. 
Bergmann, Munich; (6)0. Klein and R. 
Strebinger, “ Fortschritte der Mikrochemie m 
ibren verschiedenen Anwendungsgebieten," 
1927, F. Deuticke, Leipzig. H. D. K. D. 

VOLUMETRIC ANALYSIS. 

In this type of analysis the proportion of an 
vwgzvdwcvt vz fwad wit by weighing Uie sub- 
stance or a derivative, but by determming the 
volume of a. solution of known concentration 
required to complete aoire particular reaction, 
such as neutralisation, oxidation, or precipita- 
tion. This completion is usually indicated by a 
change of colour, by the coloration of a colour- 
lees solution, or by the formation of a permanent 
precipitate. In many cases a third substanro 
IS added in order to make such changes readily 
detectable, and this is called an initesW. 
It 18 an internal indicator if it is added to the 
hquid being titrated, or an external indicator if 
drops of this liquid are withdrawn and brought 
into contact with it. The use of the latter type 
of indicator, being somewhat tedious, is avoided 
if possible. 

Only those reactions can be used for volu- 
metric purposes which are rapid, simple, and 
definite, with no possibility of side-reactions. 
Moreover, the reaction should proceed quantita- 
tively at any ordinary concentration. The re- 
action used to denote the end-point should 
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be rapid, decisive and sensitive, so that the 
minimum excess of the reagent should suffice to 
cause it. 

For volumetric processes it is necessary to 
have accurately graduated flasks, pipettes- and 
burettes. The flasks should he fitted with well- 
ground stoppers, and should have relatively 
long and narrow necks, the graduation being 
below the middle of the neck in order to afford 
sufficient free space for efficient shaking. Flasks 
graduated to contain various volumes are 
obtainable, those of 2,000, 1,000, 500, 250, 200, 
and 100 c.c. being the commonest ; these bear 
the letter C near the graduation mark; but 
occasionally one requires a flask to deliver a 
specified volume, and these hear the letter D. 
Those of the latter type are calibrated so that 
the exact volume is delivered if 30 seconds’ 
drainage is allowed after the continuous flow has 
ceased. 

A pipette is usually a cylindrical bulb terminat- 
ing at each end in a tube, the lower of which is 
drawn out to a jet. The flow of liquid is adjusted 
br stopped by the pressure of a finger on the top. 
Pipettes are almost always calibrated for 
delivery ; the usual type has only one mark 
corresponding to a definite volume, but pipettes 
are also used which consist of a long uniform 
length of tube calibrated throughout moat of its 
length, one end being drawn out to a jet. 

A burette is a long tube of uniform bore, 
12-15 mm. wide, graduated in cubic centimetres 
(c.c.) and tenths. The commonest capacity is 
50 c.c. The tube is open at the top, hut at the 
lower end it is constricted and attached to a tap. 
The latter may be prevented from sticking by a 
trace of vaseline, and from slipping out by a thin 
rubber band passing over it and round the 
burette tube. If hot liquids are to be titrated 
it is advisable, in order to avoid heating the 
burette and its contents, to use a burette of which 
the part carrying the stopcock is bent twice at 
right angles, so that the main part is not directly 
over the hot liquid. 

When a burette is in use it should be kept 
vertical, and a test-tube inverted over the top is a 
useful device to prevent access of dust. Burettes, 
and all other graduated vessels, should be kept 
tree from ^ease by frequent treatment with 
cold chromic acid solution in fairly concentrated 
sulphuric or nitric acid, which is allowed to 
stand in them ov^ernight. 

Standard solutions should be kept in well- 
stoppered bottles in a cool place and protected 
ffom direct sunlight. When many determina- 
tions of the same kind have to be made, it is 
convenient to keep the reservoir of standard 
solution attached to the burette to facilitate 
the filling. A glass T-piece is introduced 
uetween the graduated part of the burette and 
the tap, and is attached by a rubber tube to 
0 tubulus at the bottom of the reservoir which 
sentains the standard solution and stands on a 
shelf above the burette. The top of the reservoir 
should be fitted -(vith a cork carrying a guard 

ube containing soda lime or other protective 
substance. The flow of liquid into the burette is 
regulated by a screw clip or pinchcock on the 

ubber tube. ^ If the liquid acts upon rubber 

hese connections must be constructed of glass 


and furnished with a tap. Burettes may be 
obtained fitted with three-way taps, so that 
they can he filled from the bottom by attaeh- 
ment to the reservoir, the tap connecting the 
burette either with the supply or with the out- 
flow as required. This method has the advan- 
tage of avoiding the formation of air bubbles. 
A convenient method of fillin g from the bottom 
in the absence of a three-way tap is described in 
Chem. News, 1906, 93, 71. 

If the standard solution alters on exposure to 
air, the surface of the liquid may be covered with 
a layer of purified high-boiling paraffin, or the 
guard tube mentioned above may contain a 
suitable protective substance. Alternatively, 
the upper part of the stock bottle may he filled 
with carbon dioxide, and the top connected 
to a generator for the gas. When the solution 
is -withdrawn the gas enters. If the nature of 
the solution permits, coal gas may be used in 
place of carbon dioxide. 

Graduation of the Instruments . — ^Accurate 
calibration of the measuring vessels is essential 
if correct results are to be obtained, and all the 
instruments should be checked before being 
taken into use. Although it is sufficient for 
most purposes if the relative volumes of the 
vessels are correct, they should nevertheless 
be graduated in true cubic centimetres or 
millilitres (the difference of 28 parts per million 
is immaterial for most purposes). If the 
calibration is performed at a temperature of 
16'’-20°C., variations from the true volume 
resulting from the expansion of the glass are so 
small for the normal temperature changes of the 
laboratory that they may be neglected. The 
standard temperature for calibration in Great 
Britain is 15°C., but it is proposed to alter 
this to 20°C., which is the temperature employed 
in Europe and America and is more convenient 
in several respects. 

The vessels are checked by aseertaining the 
weight of distilled water at a known temperature 
which they will contain or deliver, as the case 
may be. A large beaker of distilled water is 
boiled, rapidly cooled, and left in the balance 
room until it has attained temperature equili- 
brium. The vessels to be calibrated are 
thoroughly cleansed by successive treatments 
with concentrated potassium hydroxide, dis- 
tilled water, and a warm concentrated solution 
of chromic acid in fairly strong sulphuric acid, 
and then rinsed well with distilled water. The 
flasks are then dried, and a narrow strip of paper 
is attached vertically to the neck of the flask 
above and below the mark; the flask is then 
placed on one pan of a large balance sensitive to 
about 10 mg. in the case of a litre flask or 
correspondingly less for smaller flasks, and 
counterpoised. Weights corresponding to the 
correct weight of water at the temperature con- 
cerned (see below) are then placed in the other 
pan, the flask is filled nearly to the mark with 
water, and water is added drop by drop until the 
balance is in equilibrium. Any water adhering 
to the inside of the neck of the flask is removed 
■with filter paper. If the level of the water does 
not agree -with the maker’s mark, a pencil mark 
is made level -with the lower edge of the meniscus, 
the glass above and below is thinly coated with 
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an even film of wax, and a horizontal ring ia 
scratched through by means of a needle precisely 
level with the pencil mark. The ring is then 
covered with a etrip of filter paper moisteaed 
with hydrofluoric acid, and after a few minutes 
the acid is washed off and the wax removed, 
leaving the etched ring. 

Certain corrections which have to be apphed, 
namely, those for the weight of air displaced 
by the brass weights and the liquid and the 
reaction, of the volume to true cubic cmiti- 
metres at 4®C., are allowed for in the following 
table, where x is the quantity which has to be 
subtracted from 1,000 to obtain the apparent 
weight m air (brass weights being used) of I.OOO 
c.c. of water at <®C. For example, at 18*0. 
the apparent weight of 1,000 c.c. is 1,000—2 43 
=997 57 g. 


I 13 
1-09 
1 07 
106 
107 
109 
M3 
1-18 
1-25 
1-33 
1-43 
1-53 
165 
1-78 
1-93 


2«2 
2 82 
303 
326 
3-49 
3 73 

3 98 

4 24 
4 62 
480 
6 08 
6 38 


Flasks of other denominations arc graduated 
similarly, the correction being proportional. 
Flasks marked for “ delivery ” arc eunilarly 
calibrated ; the water is emptied by slowly and 
carefully tilting the flask until it is empty, 
draining it for 30 seconds, and touching tho lip 
against a wet glass surface. 

In calibrating a pipette, and also in its use, it 
essential to adhere to a standard procedure for 
emptying it: it should be held vertically with its 
point just touching tho side of tho receiving 
vessel, and allowed to drain for 16 seconds after 
the continuous flow has ceased. The last drop 
should on no account be blown out. Tho 
calibration is checked bj' filling the pipette to 
the mark with water at a known temperature, 
and delivering the contents into a stoppered, 
tared flask, which is re-weighed. From tbe mean 
weight of water thus obtained from several 
iteterminations, the true volume is calculated 
by means of the above table. If the error is 
considerable, a new mark must be made |^, 
flnduig the true volume corresponding to each 
of a series of pencilled msrks made on a strip of. 
paper, affixed as abo\& until the correct position 
IS found, and then etenmg a mark. 

The burette is most accurately calibrated by a 
succession of weighings of the water delivered at 


intervals of a few cubic centimetres, the burette 
bemg read between each, and corrections being 
app]^ to the weights ns above. A sirapler 
method, which is not approved by the Js'ationai 
Physical Laboratory, is by use of a small pipette 
devised for this purpose by Ostwald. This should 
have a capacity of about 2 c.c , and is attached to 
the burette as indicated in I’lg. 1. The burette 
and pipette are filled with water to the zero 
mark and to the mark a respectively, care being 
taken that no air bubbles are left in the tubes. 
The clip I, or the tap of the burette, is opened, 
and water alloweil to run from tho burette into 
the pipette till the level 6 is reached. The read- 
ing IS then noted, and the pipette emptied to 
the mark a by opening cbp // (or, better, a 
tap in the game place to avoid the use of rubber 
tubing). These operations are repeated until 
the burette reading is about 50 c.c. Suppose, for 
example, that after 24 fillings the burette reading 
is 49 49 c.c. The burette 
IS now refilled, and evactlv 
this volume of distilled 
water is run out into a 
tared flask, with all the 
precautions used in an 
actual titration, and 
weighed. From the above 
table the true volume of 
this water is calculated. 

Suppose this to be 40-44 
e.e. Then tbe volume of 
the cabbrating pjpetto 
must be 49 44/24=2 000 
C.C. The differences 
between tbe successive 
burette readings and tbe 
numbers 2 06, 4-12, CIS 
• • . give the burette errors 
at these intervals, and a 
curve may be constructed ' 
to show these errors with 
their appropriate signs. 

In the foregoing example, 
the error at 40 40 c.c. h 
obviously —0 05 c.c. 

For another method of 
calibrating pipettes, see 
XIorae and Blalock (Amcr. 

Chem. J. 1894, 16,479). 

The burettes described in the section on OoJ 
Analysis may bo calibrated in a similar manner, 
mercury being used instead of water. 

Slanda^ Solutions . — These form the basis of 
all volumetric work, and great care is necessary 
in their preparation. When a solution is used 
only for tho determination of one substance, it 
may be convenient to adjust its strength so that 
each c.c. is exactly equivalent to a round 
quantity, say 1 mg., of that substance ; but 
for ordinary purposes it is preferable to u«o 
solutions made up on the nornuil bash. A 
nonnal solution contains in one litre the equi- 
valent in grams of the active substance; for 
example, a normal solution of sulphuric aciJ 
contains 49 03 g. of the actual acid per litre. 
Solutioas of lower concentration, such as d«i' 
normal or centiHorwoI, contain respectively one- 
tenth or one hundredth of an -equi'alent per 
litre, a decinormal solution of potassium 
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pcrmanganato containing 0-8 g. of active oxygen 
per litre. 

A standard solution is usually made up 
approximately and then standardised against a 
weighed amount of some pure substance. It is 
usually made slightly too concentrated so that 
it can be accurately adjusted by dilution after 
standardisation, but if it is, too weak or if the 
dilution is not favoured it is better to use a 
factor by which readings must be multiplied in 
order to convert them into equivalent readings 
of a normal or decinormal solution. For 
example, if 1 c.c. of potassium permanganate is 
found to be capable of oxidising 0'005630 g. of 
iron, ns against 0'005584 g. for a decinormal 
solution, then the factor is 0-005630/0'005584= 
1’008, and when using it to determine a sub- 
stance of equivalent x, each c.c. of this perman- 
ganate will oxidise I-008a:/10,000 g. of the 
substance. When onlj’, say, 2 litres of a solution 
are required and the pure reagent is available, 
the exact quantity may be weighed out, 
dissolved, and diluted to the required volume. 
Solutions of silver nitrate and potassium di- 
chromate, for example, may thus be prepared. 

Measurements . — In using pipettes or burettes, 
these must first be rinsed ■with distilled water 
and well drained, and then the operation 
repeated with a small quantity of the required 
solution and again drained, this portion of the 
solution being rejected. 

The correct reading of the level of a liquid in a 
burette or pipette requires certain precautions. 
First, the instrument must be held vertically. 
Secondly, since ordinary liquids form a concave 
surface or meniscus, the reading should always be 
taken from the lowest point of this curve 
unless the liquid is very dark, and in this case 
the upper line of the surface must be taken. 
Thirdly, the meniscus must be properly illumin- 
ated, and must be on a level with the eye in 
order to avoid parallax. The best method of 
avoiding this error is by the use of a burette 
having , the graduation marks at each cubic 
centimetre carried right round the tube, and 
those at each intervening half cubic centimetre 
half way round, as required by the National 
Physical Laboratory. In absence 'Of such a 
burette, recourse may be had to Mohr’s device 
of a piece of card one half of which is black and 
the other half, white. This is attached to the 
burette by an indiarubber ring, and is adjusted 
so that the horizontal edge of the black half, 
which is the lower, is not more than 3 mm. below 
the meniscus. The lower edge of the curve then 
appears black against the white background. 
If the card is too low the reading ■will be slightly 
too high. Some burettes are provided at the 
back with a dark vertical line on a milk-glass 
background. When the eye is on a level ■with 
the bottom of the meniscus, the dark line appears 
to be dra^vvn out to two fine points which just 
touch one another ; such markings, however, are 
not accepted by the National Physical Labora- 
mrj- for Class A burettes. By means of these 
nevices accurate readings may easily be made 
without using a burette float, thus avoiding some 
msadvantages. , 

In addition to' the errors common to all 
analj-tical processes, another error arises in 


volumetric analysis owing to the variations in the 
concentrations of solutions due to changes of 
temperature, a ehange of 5°C. making a 
difference of 0T% in the case of N/IO solutions 
and still more in more concentrated solutions, 
especially those of acids and alkah's. The 
coefficients of expansion of certain standard 
solutions were determined by Schlosser, and 
corrections calculated from his results are 
tabulated for some liquids on p. 643. 

Errors of the last type can be eliminated by 
weighing the solutions instead of measuring 
them. The liquid is contained in a “ weight 
burette,” a light glass bottle with a long jet- 
like neck and a tubulus at the shoulder which 
can be closed by the finger, thereby regulating 
the flow of liquid. The difference in the w’eight 
of the vessel before and after the titration gives 
the quantity of reagent used ; a convenient 
weight burette devised by C. A. Kraus is des- 
cribed by Washburn {J. Amer. Chem. Soc. 
1908, 30, 31). 

Volumetric methods may be broadly classified 
as : I. Methods of Saturation, i.e. Mohr’s term for 
■what is now called Neutralisation ; II. Methods 
of Oxidation and Reduction; III. Methods of 
Precipitation. Methods of Class I are dealt with 
in the following section on Acidimetry and 
Alkalimetry, and those of the other two classes 
are dealt with later. 

Acidimetby and Alkaiametry. 

This type of volumetric analysis is of great 
technical importance. It is true that in pure 
aqueous solution the amount of acid or alkali can 
be determined by finding the specific gravity of 
the solution and referring to an appropriate 
table, and gra'vimetrio methods are also usually 
available, but volumetric methods are often 
to be preferred on account of speed, and with 
care they may be made very accurate. In these 
operations the amount of acid or alkali is 
calculated from the volume of standard alkali 
or acid, respectively, required for neutralisa- 
tion, the exact point of equivalence being 
determined by addition of a small quantity of an 
indicator. 

Indicators. 

Although until 1877 only natural colouring 
matters were available as indicators, these were 
gradually supplemented by synthetic indicators, 
e.ff. methyl orange and phenolphthalein ; and 
these have now been produced in such .variety 
that, except for a few special purposes, the 
naturally occurring indicators are obsolete. In 
particular, indicators of the sulphonephthalein 
type are of great value for their brilliance and 
sharp colour change ; one or other is available 
for almost any requirement, and they are 
strongly recommended. 

In accordance ■with the ionic theory of solu- 
tions, acids may be divided roughly into two 
classes, “ strong ” and “ weak,” according as they 
are completely or only partly ionised in dilute 
aqueous solution. In the former case, the 
acid HM may be regarded as existing entirely 
in the form of the positive and negative ions, 
H' and M' respectively; in the latter case, an 
equilibrium is set up between the ions and the 
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undissociated molecules: bo' 

one has an equation 

(H’][M']=A'a[HM], 

where the symbols in brackets denote conceutn* 
tions {g fl ) of tho respective ionic or molecular | 
species, and ATq is a constant called the''dis 80 cia> ' 
tion constant.” hlost weak acids are so feebly i 
ionised that [HM] may usually without ^ 
appreciable error be equate to the total con- 
centration of tbe acid. Similar coosidcratioDS , 
apply, mutahs mvtandta, to bases, so that I 
[B‘][OH']=^fc[BOH] represents the ionba-l 
tion of a weak base. | 

The water in all aqueous aolutiona is also veiy 
feebly ionised, so that 

[H-][0H']=E(H,0). hut as the term [H,0]| 
18 always relatively very large and practic^y I 
constant in dilute aqueoua solutions, it la ! 
usual to replace the right hand side of the ' 
equation by a term Kw which is nearly equal to 
10 -i< at ordinary temperatures. Hence i 

[H ][OH']= I 

and in any aqueous solution this relation must | 
alnays obtain between the concentrations of 
these two ions. (For simpLcity, we ignore 
factors, such as salt effects, activities, the exist- 
ence of H' as HjO', etc.) 

It had long been reaUsed that the total 
concentration of an acid in aqueous solution 
did not afford a satisfactory critenoo of the 
” acidity ”of the solution, as judged, for example, 
by ita solvent power or its catatytie effect. For 
instance, normal solutions of hydrochloric acid 
or acetic acid both neutralise the same volume 
of caustic alkali when titrated with phenol- 
phthalein as indicator, yet the ” acidity ” of the 
former is greater than that of the latter by all 
ordinary standards. These apparent anomalies 
were seen to he largely accounted for by the 
Arrhenius theory of electrolytic dissociation 
(1887), for nearly all the hydrochloric acid is 
present as its ions, whereas only a smalt propor- 
tion of the acetic acid is thus ionised, the 
remainder of its acidic hydrogen becoming 
available as ions only on demand of the titrating 
alkali owing to the continuous displacement 
of the equilibrium HCjHjO] ^ 
towards the right as the existing hydrin ions 
react. It is found, in fact, that a 0 1 N- solution 
of acetic acid is only 1‘35% ionised, so that' 
00135, and it is now known that 0 IN- 
hydrochloric acid is virtually completely 
ionised, so that [H‘]=0 1. 

pg Convention . — It is often inconTenient to 
express very small hydrogen-ion concentrations 
as decimals, so Sdrensen introduced the function 
Pg, defined as the logarithm of the reciprocal 
(to the base 10} of the concentration; hence 
Pg=— logjo [H'j, and the convenience of tbu 
function becomes more apparent when we 
plot the change of [H*] dunng the course of a 
titration of an acid by an alkali. Moreover, 
since [H'J[OH']=10“**, we have in pure water 
or m a perfectly neutral solution, 
[H*j=(OH']=10-’, 
or Pg— 7 (and similarly poH=7). 

Hydsolysis. — It is well known that aqueous 
solutions of salts of strong bases and weak acids 


react alkahne to many indicators. This is 
owing to “hydrolysis” by the water; for 
instance, sodium acetate is partly hydrolysed 
to sodium hydroxide and acetic acid, and as the 
former is completely ionised, and the latter 
only partly so, the OH' ions predominate over 
H‘ ions, and hence when acid and base are 
present in exactly equivalent proportions, the 
solution is not neutral in the sense that 
[HI=[OH']=10-’ or pn=po„=7; m fact. 
Pg=8 9 for a 0-IA' solution of the salt. These 
remarks are illustrated in the scheme : 

|NaC|H,0,-fH,0?=^NaOH-|-HCjH,0, 

I ^ 11 

I Na'-i-OH' H--t-C ,H,Q,' 

Complete. rsttlsl 

j Hence, m titrating acetic acid by alkab, one 
I requires an indicator which is sensitiie on the 
lali^Iine side of neutrahty, and that u why 
phenolphthalem (useful range of Pa=8 3-]d) 
IS atutable, but methyl orange (range 2 9^ 5) 

; is useless. Similar considerations show that 
j a weak base, on titration by a strong acid, 

I requires an indicator changing on the aetd side; 
e.p. 0-lN- ammonia shows a pg of 6-1 when it 
has been treated with its exact equivalent of 
(i.e. has been “neutralised” by) 0 IN- hydro- 
ehlone aad, and so methyl red (range 4’2'-6 3), 
but not phenolphthalein (S 3-10). is suitable. 

AU indicators is ordinaiy nse are either weak 
acids or weak bases, which undergo a change m 
colour (owing to a change in molecular structure) 
on salt formation. Owing to the equilibrium 
involved between the two structural forms, these 
indicators cannot be treated as if they bad a 
simple dissociation constant ; nevertheless, 
each shows its colour change within a well- 
defined range of pg, and a knowledge of this 
range is of great assistance in the choice of an 
indicator (tee table on p. 640). 

If we attempted to picture the course of 
neutralisation of, say, 10 c.c. of 0 IN- hydro- 
chloric acid by OIN- sodium hydroxide by 
plotting the concentration of hydrogen ions as 
Ordinates against the volume of added alkali as 
afiscuss, we efioufd obtain a curve wAicA 
almost linearly to the point conesponding to 
neutrality ([H ] being negligibly small at 
NaOH— 10 c.c.) and then continued along the 
zero line (axis of abscissie) for excess additions 
of aUieb. This, however, would tell us nothing 
about the state of affairs at the neutral point, 
and it is precisely here that it is moat important 
to have information, particularly if either the 
acid or base being titrated is weak. Herein hes 
the great advantage of tho pg convention, for by 
its aid we can follow the course of the titration 
equally clearly throughout. 

Characteristic curves for various types of 
titration are shown in Fig. 2, in which pg instead 
of [H'j is plotted against the volume of alkali 
added. The significant feature of these curves 
is that, unless both acid and base are weak w 
one of them is very weak, there w a wcll-markw 
vertical portion at the point corresponding to the 
addition of an exact equivalent of alkali ; *t 
this pomt, therefore, a small addition of 
produces a relatively large alteration dpa 
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80 would most readily cause coloui- change in an 
indicator. Further, the middle point of the 
vertical portion is below {i.e. on the acid side) 
for the case of a weak base and a strong acid 
(c/. ammonia and hydrochloric acid, above), 
and above p^l {i.e. on the alkaline side) for the 
converse case. Moreover, a weak base and a 
weak acid show only a alight inflection at the 
point of equivalence,^ so that it requires 
comparatively large additions of the base to 
produce a significant change inpg, i.e. to produce 
colour change in an indicator ; and similarly, a 
very weak acid (or base) gives only a very feeble 
inflection, so that in both these cases indicators 
are not capable of accurately denoting the 
end-point. 



c.c. of alkali added 
Pig. 2. 

Selection of 1ndica.toks. — The foregoing 
discussion, and deductions on similar lines, 
enable one to formulate rules for the choice of 
indicators, which may be briefly stated as follows 
(the converse titration being implied equally in 
cases i-iv) : 

(i) Titration of strong base by strong acid : 
any indicator of range between 3 and 10 pro- 
vided the solution is not too dilute ; as the 
solution becomes increasingly more dilute than 
O’hY., the indicator should have a range pro- 
gressively nearer 6-8. 

(ii) Titration of strong base by weak acid: 
an indicator of range above pg^T, and the 
higher the weaker the acid, but see (v). 

(iii) Titration of weak base by strong acid: 
an indicator of range below pgl, decreasing with 
decreasing strength of base ; but see (v). 

(iv) Titration of weak base by weak acid : 
this should be avoided if possible, as it can only 
be made accurate under special conditions. 

(v) Titration of extremely weak acids or bases : 
this also requires special conditions ; e.g. boric 
acid, phenol, or hydrocyanic acid gives salts 
which are so extensively hydrolysed that only 
indicators of an appropriately high (or low, for 

Pa'at *8 not, in general, at yn 7 ; It happens 
ae In the curve in the figure, because this is 
,^™.nn the case of acetic acid and ammonia, which 
we or approximately equal strength (t.c. A'n_ Kb). 


bases) and narrow range give any approach to 
an accurate titration (see under Tropmolin 0, 
p. 641). 

Effect of Cakbon Dioxide. — A factor which 
militates against the use of indicators of range 
above about 5-5 is that they are affected by 
carbon dioxide. In the presence of this gas or 
of carbonates, etc., it is therefore necessary either 
to use an indicator of range below that of methyl 
red (which is not appreciably affected by traces 
of carbon dioxide) or to boil off the gas while the 
titrated solution is still slightly acidic. For this 
reason, if the titration is being done by an acid 
in such circumstances, it is better to add an 
excess of the acid, boil the liquid, cool it, and 
back-titrate the excess of acid. 

Other weak acids, e.g. hydrogen sulphide, 
cause similar complications. 

Individual Indicators. — In the table on 
p. 640 are summarised the characteristics of 
selected indicators. Those of the sulphone- 
phthalein type, given first, should be used in 
preference to others, for the reasons given on 

р. 637. These are followed by other synthetic 
indicators, and finally by natural colouring 
matters and substances of ill-defined constitu- 
tion, which usually have neither such sharp 
colour changes nor such narrow ranges. Although 
indicators of the last class are practicallj’^ 
obsolete, some of them {e.g. phenacetolin) 
serve a useful purpose in the hands of chemists 
who have had long experience with them. 

In addition to those tabulated, an indicator 
which has been recently introduced (Wenker, 
Ind. Eng. Chem. 1934, 26, 350) promises to be 
of great utility: “ nitrazine yellow” (2':4'- 
dinitrobenzeneazo - a • naphthol-3:6-disulphonlo 
acid) has a very sharp colour change near the 
theoretical neutrality (yellow-^ blue at pg 6-4- 
6 - 8 ). 

For further information upon indicators and 
their use, see Prideaux, “ The Theory of 
Indicators,” 1917 ; Kolthoff and Furman, 
“ Indicators,” 1926 ; idem, “ Volumetric 
Analysis,” 1929 ; Sutton’s “ Volumetric 
Analysis,” 1935; Walpole, Biochem. J. 1914, 8, 
628. 

Preparation, etc., of Indicators. — The 
sulphonephthalein indicators are usually em- 
ployed in about 0-1% alcoholic solution, and a 
few drops usually suffice for the titration of 100 

с. c. of liquid. Details for other indicators 
follow in alphabetical order. 

Cochineal. — The essential colouring matter 
of the dried female insect Coccus cacti Linn, 
is carminic acid; 3 g. of the substance (not 
pulverised) are extracted with 250 c.c. of 30% 
alcohol, and the clear liquid decanted. This 
indicator is of use in titrating ammonia, and 
is scarcely affected by carbon dioxide; the 
colour change is well defined even in artificial 
light. Cochineal is useless for titrating organic 
or other weak acids, and salts which are easily 
hydrolysed {e.g. those of iron, aluminium or 
copper) must be absent. 

Congo Bed. — A 1% solution in 30% alcohol is 
used, and one drop suffices for the titration of 
20 c.c. of liquid. It is useful for the titration of 
alkaloids. 

lodoeosin (Tetraiodofluorescein, Erythrosin 
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T^ble of Isdicatoh's. 




Thjmol blue 

Cresol red ... 

Phenol red 
Bromoth.vmol blue 
Bromoeresol purple . 
Bromocresol green . 
Bromophenol blue . 

Tropseobn 0 (resorcin jellon) 

Thymolphthalein 

Phenolphthalem 

p-Nitrophenol 

Methyl red 

Congo red 

Methyl orange 

Rosolio acid . 

Litmus fpurifioil) 

Cochineal 
Lacmoid . 

I Phcnacetolm 


B) — This IS not an indicator in the ordinary 
sense, but v\na introduced by ilyhnaand Forster 
(Ber. ISO], 24, 1482) primarily for detecting 
extremely minute traces of alkali, 05 g of the 
sodium derivatne is dissolved in 1 litre of water, 
and 2 5 c c are added to the liquid to be 
tested together with 5 c c. of chloroform or 
ether. The mixture is vigorously shaken during 
a test 1 ui alkaline solution the aqueous layer ts 
rose red, but in acid solution the aqueous solution 
IS colourless and the organic layer assumes a 
yellowish tint, \\ith this indicator A’/lOO or 
c\en A'/l.OOO solutions can be titrated, it is 
unafTected by carbon dioxide, and phosphoric 
BCid can be titrated as a monobasic acid. It is 
a\ ailnblu for the titration of feeble bases enrb as 
the alkaloids 

Lacmoid (Resorcin Blue) — ^This substance 
owes Its distinctive properties to laetnotol, which 
( an be isolated from the commercial product and 
purified, this pure product being superior to the 
ordinary material. A 0 3% alcoholic solution is 
employed, but a better colour change ts obtained 
if5g. ofnaphthol green are dissoii^inalitreof 
this solution. Although the colour changes 
reseliible those of litmus, the indicator bears a 
closer resemblance to methyl red. It is only 
slightly affected by carbon dioxide, olthougli 
direct titration of carbonates is not satisfactory 
in cold solution ; it is useless for organic acids. 

Litmut — This occurs m conimerco in the form 
of small cubes mixed with a large proportion of 
rakitim carbonate. An aqueous extract of this 
substnncu contains free alkali and also a xanaUe 
prcipurtiun of colouring mutters which xitiatc 
the delicacy of the reaction, and it is better to 
use the specially prepared solutions which ore 
available commercially; they must be kept m 
vessels to which the air has free access, for if 
kept in dosed vessels they iinilergo fermentation 
and become decolorised. The colour of the 


fill Range. 

Colour itunge: acld-*alk4ll. 

8 0-0 6 

Yellow-* blue (red atp^l ! yellow 
atp„3). 

7-2-8 8 

Yellow-* violet red 

6 8-8 4 

Yellow-* rid. 

6 0-7 6 

Yellow-* blue. 

52-66 

YelIow-*violet. 

.7-6-5 2 

Y’ellow-* blue. 

2 8-4 6 

Yellow -►violet. 

11-1-12 7 

Yellow-* orange. 

9 3-10 5 

Colourless-* blue. 

8 3-10 0 

Colourless-* red. 

6 0-7 0 

Colourless-* yellow. 

4-2-6 3 

Red -►yellow. 

30-50 

\iolet-* reddish orange. 

2 9-4-5 

Orange-red-* orange-yellow. 

6 9-8 0 

Yellow-* red. 

R 0-8 0 

Red-* blue. 

4 8-6 2 

Yellow-* hlac 

40-62 

Orange red-* v lolct. 

3-6 

Yellow-* pmk-* pslc yellow (w 

lO-U 

pb41). 


solution should be purple, it is afTcctcd bv 
carbon dioxide, sulphur dioxide, and liydrogrn 
sulphide 

The colour change is rcnderul wore dclicalP 
by conducting the titration in wonuchroiiixtii 
sodium light the red solution then seems colour* 
less, and the blue solution almost black. Litmui 
IS not well adapted fur use m ordinary artificial 
Jjgbt. 

Methyl Orange (Helianthin, Poirrier’s Orange 
III). — This substance, prepared by diazotising 
sulphanihc acid and coupling it with dimethyl- 
aniline, w as introduced as an indicator by Liingo 
m 1876. 1 g. of the pure sodium salt or free 
acid IS dissolved in one litre of woter, and one 
or two drops of this solution uro used in cacli 
titration ; the colour change is sharper if the 
solution IS only extremely faintly coloured. The 
great advantage of methyl orange lies m the fact 
that it is unaffected by v ery weak acids, so that, 
for example, carbonates, borates, and sulphidti 
may be titrated even in cold solution as if they 
were the free base. It is necessary to use this 
indicator in the told, since its changes am not 
sharp m hot solution. Also, since it is not ro 
sensitive as many indicators, the solution to be 
titrated should pieferably not bo more dilute 
than Sl'i. 'tVith iV/IO solutions, ispcrully 
when carbonates arc being titrated there is a 
distinct brownish tisnsition tint, and rc»uli* 

I may lie uncirtam to vvilhm about 005 f.i- 
Methyl orange mint not be uied in tho prc"! ntc 
of nitrous and, which destroys it. 

Hickman and Linstcad (JCS. 1022, 121. 
2502) found that the colour change couM 
be made sharper, and also more reuilily 
in artihcial light, by adding xylene tynnol fr 
(1-4 g. to 1 g. of methyl oiniigc in COO c.c. ol 
50% alcohol), which nits as a ‘•screen.” Ue 
colour change IS tiun magenta-* grey (at puJ ») 
-*grt>en. 
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ilelhyl Eed . — TJiis indicator, analogous to 
methyl orange but -with anthranilic acid replacing 
Bulphanilic acid, was introduced by Eupp and 
Loose in 1908. A 0-2% alcoholic solution is 
employed, two drops being used in each titra- 
tion. The colour change is very pronounced, 
and weak bases may be titrated in N/lOO solu- 
tion. Sodium hj'droxide solutions containing 
only trace.s of carbonates can be titrated with 
the aid of methyl red, but larger amounts of 
carbonate render the end-point indefinite, so 
when methyl red is used in the titration of car- 
bonates, the solution must be boiled after each 
addition of the acid when the end-point is being 
approached. 

■p-Nitrophenol . — This may be employed in 
aqueous solution ; .it has the advantage that 
its range e.xtends up to the point of theoretical 
neutrality, and, moreover, it is less affected 
by proteins than are some other indicators. On 
the other hand, its colour is not very' intense. 

Phenacetoliv . — 1 g. is dissolved in 500 c.c. of 
alcohol. It is yellow at 0-3, brown-red at 
Pii 5, pink at Pn 6-10 (i.e. with carbonates of 
the alkalis), and almost colourless at Pul2 {i.e. 
with caustic alkalis). It is used, therefore, for 
estimating both hydroxide and carbonate when 
present in the same solution. 

Plienolphthalem . — This was proposed as an 
indicator by Luck (Z. anal. Chem. 1877, 16, 
322) ; one of two drops of a 0'5% alcoholic 
solution are used in each titration. It is very 
useful for titrating organic acids, but is useless 
in the presence of ammonium salts or of carbonic 
or hydrogen sulphide (see p. 038). 

RosoJie Acid {aurin, corallin ). — This is used as 
a 1% solution in 60% alcohol, a few drops 
sufficing for 100 c.c, of liquid. It is affected 
by carbonates and sulphides, but records the 
neutralisation of sulphurou.s acid by ammonia 
at the (N H(|) 2 S 03 stage. It has the advantage 
that it can be employed in 60% alcoholic 
solutions. 


Thymolplilhalein. — This resembles phenol- 
phtbalein, but its different colour change anc 
shghtly difl'erent range sometimes make i1 
preferable. 

TiopsoUn-0. — Although its high rang( 
limits the applicability of this indicator, yet ii 
has been used by Prideaux (Z. anorg. Chem 
1913, 83, 362) for the direct titration of bori( 
acid by alkali; 10-20 drops of 0'04% solutior 
are used, and the boric add solution should bi 
.saturated with sodium chloride. 

Mixm Ixdicatoks. — A mixture of tsro indiea 
tors will often give a sharper colour change thar 
culler indicator separately, and bj' suitabh 
tjioice of indicators it is possible to obtain ! 
sharp change over a narrow range of p^, anc 
secure an accurate titration whicl 
migUt otherwise be difficult ; e.g. the titratioi 
0 carbonate to the bicarbonate stage, for whicl 
dmpson (Ind. Eng. Chem. 1024, 16, 709) use; 
parts of thymol blue to 1 part of cresol red anc 
purple- violet through blue to i 
will ^st of 25 such mi.xed indicator 

'im their characteristics is given by Kollhof 

nr 1 26 ; see also Kolthof 

abovc)"^''^''''’ under Methyl Orange 

VoL. II 


Preparation of Standard Acids and 
Alkalis 

Standard solutions of acids and alkalis are 
usually prepared on the normal basis (see p. 636). 
In acidimetry and alkalimetry' it is essential 
to have a solution of some acid or alkali, the 
concentration of which is known with great 
accuracy; this solution serves to standardise 
the others of its class, and if it is hydrochloric 
add it may be used indirectly to standardise 
solutions . of other classes (e.g. silver nitrate 
or potassium iodate). ^^arious suggestions have 
been made for acid standards, but hy'drochloric 
acid is the most generally useful, although 
sulphuric acid (or occasionally oxalic acid) is 
used. 

The commonest method of determining the 
concentration of either of the two inorganic acids 
is to titrate it against weighed amounts of pure 
anhydrous sodium carbonate. Separate weighed 
quantities of the solid are dissolved in 50-100 c.c; 
of cold distilled water and titrated by’ the acid, 
methyl orange being the indicator. The con- 
centration of the acid is calculated from each 
result, and the mean is taken as correct. 

Chemically pure sodium carbonate, which 
should be free from all but minute traces of 
chloride and sulphate, is dried at 280°-300°0. 
in a platinum crucible with continual stirring. 
Alternatively’, the bicarbonate may be heated to 
constant weight at the same temperature. 
Complete dehydration of the carbonate is said 
to be effected by washing it with alcohol and 
drying it at 110°C. (Ind. Eng. Chem. [Anal.], 
1934, 6, 336), 

The foregoing method, although extensively’ 
used, has been adversely criticised, mainly on 
the ground that complete dehydration cannot be 
effected without slight loss of carbon dioxide ; 
it is asserted that this occurs even at 170^C., 
but this statement has been disputed, and even 
now (1937) the stability of carbonate towards 
moderate heat is much discussed, some authors 
asserting that a temperature of 400‘'C. is safe. 

A satisfactory method of checking the values 
obtained by tho carbonate process depends on 
the fact that sodium oxalate is converted into 
the carbonate on ignition. As the oxalate can 
be prepared in a state of high purity’, the 
residue of carbonate theoretically’ obtainable 
from a known weight of oxalate can be cal- 
culated, and the presence of any sodium oxide 
is immaterial if the calculation is based on the 
original weight of oxalate. The weighed oxalate 
is carefully heated in a platinum crucible until 
all the separated carbon has been burnt off and 
the residual carbonate begins to fuse ; the cooled 
residue is dissolved in water and titrated as 
already de.scribeJ {.Sorensen, Z. anal. Chem. 
1905, 44, 156). 

From time to time many other solids have been 
proposed as standartls ; the following are 
noteworthy : 

Potassium teiroxulale, 

KHC20j,HoC204,2H20; 

succinic acid ; borax (Eimbach, Ber. 1893, 26, 
171), which has an equilibrium water vapour 
pressure close to that of laboratory air under 
ordinary conditions of temperature and 
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a measured volume of the acid is added to a 
weighed excess of sodium carbonate in a 
platinum dish, the solution evaporated, the 
residue dried at 300°C. and weighed. This 
method is preferable to gravimetrie determina*- 
tion of the acid as barium sulphate. 

Sulphuric acid solutions of definite concentra- 
tion may be prepared by specific gravity 
mca.surements (Pickering, J.C.S. 1890, 57, 64). 
A’ quantity of the purest acid is diluted 
with half its volume of water, and the 
specific gravity of the solution accurately 
determined with a Sprengel pyknometcr at 15° 
or 18°. The percentage of actual H^SO^ in the 
solution is then found by reference to tables 
giving the values for 15°/15° or 18°/18° (see 
Sutton’s “ Volumetric Analysis,” 12th ed., 
1935, p. 56). If the specific gravity at 15°/15° 
is not corrected to vacuum standard, the table 
given in J.S.C.I. 1902, 21, 1511, may be used, 
whoieas the other tables have been so corrected. 
Between the limits of 66 and 81% the following 
equations reproduce the uncorrected values 
with an error not exceeding 0-04% ; 

P=86Si5-6900 

P=86Sjs-68-82 

where P=;perccntage of sulphuric acid, and 
S,5 and Sj8 arc the specific gravities at 15° and 
18’ respectively uncorrected for buoyancy 
(.Marshall, J.S.C.I. 1899, 18, 4). The diluted 
acid may bo kept in a stoppered bottle wdthout 
change, and can be weighed out and further 
diluted as required. 

Oxalic Acid. — A normal solution is prepared 
by dissolving 63'02 g. of the pure dihydrate, 
H2C204,2H20, in water and diluting it to 
1 litre. The crystals tend to lose water in a 
warm atmosphere, so the solution should be 
checked against a standard alkali with phenol- 
phthalein as indicator, or against an accurately 
standardised potassium permanganate solution 
(c/. p. 646). Oxalic acid solutions are somewhat 
unstable and should be checked frequently. 

Sodium Hydroxide. — To prepare a normal 
solution, clear transparent lumps of A.R. 
material are selected, any opaque portions of 
surface scraped off, and about 50 g. dissolved 
ill a litre of distilled water. The cooled solution 
is standardised against N-hj’drochloric acid with 
methyl orange as indicator. 

For the preparation of sodium hydroxide 
solutions free from carbonate several processes 
arc available : (i) an emulsion of freshly slaked 
lime is added to the solution, and after the solid 
has settled the clear liquid is decanted off ; 
(ji) a solution of baryta is similarly’ used ; 
(lii) sodium is suspended in a cage of silver wire 
above a basin of water in a large desiccator, 
and the drippings fall into the water, giving the 
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i’-HCI 
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-M-26 




15° 



•20° i 

-0-76 

-0-97 

25° 

-1-79 

-2-14 


required solution ; (iv) addition of sodium 
sulphate to baryta solution ; (v) a concentrated 
solution is prepared from equal weights of the 
base and water, and is decanted from the 
insoluble sodium carbonate which settles 
during several day’s’ standing. Blethod (ii) 
has the disadvantage that the solution gives a 
precipitate with sulphuric acid or sulphates. 

Potassium Hydroxide . — This is prepared 
analogously to sodium hydroxide, but if it is 
required free from carbonate, method (v) is not 
available since potassium carbonate is too 
soluble in the concentrated hydroxide solution. 

These carbonate-free solutions may’ often be 
used instead of baryta solutions, but the same 
precautions have to be adopted in keeping them. 

Barium Hydroxide . — 40 g. of the cry'stalline 
hydroxide, Ba(0H)2,8H20, are dissolved in 
about 600 c.c. of boiling water in a flask provided 
with a stopper carry’ing a siphon arrange- 
ment. When the solution has become cold, the 
excess baryta will have crystallised out and 
carried with it any suspended carbonate. The 
clear solution (about 0’4iY) is siphoned off into 
about three times its volume of recently’ boiled 
and cooled distilled water, and the diluted 
solution is kept in an aspirator fitted with a soda- 
lime guard-tube, so that it can be run off through 
a tube fitted to the tubulure directly into a 
burette. The solution is standardised against 
succinic acid, phcnolphthalein being used as 
indicator; or a measured volume may bo 
evaporated to dryness with a slight excess of 
sulphuric acid, the residual barium sulphate 
being gently heated and weighed. 

The chief use of this solution is in titrating 
organic acids, phenolphthalein being the 
indicator. Carbon dioxide must be excluded. 
Baryta kept in glass vessels may acquire traces 
of silica which affect its use for determination 
of carbon dioxide (Z. anal. Chem. 1933, 94. 1). 

Ammonia . — Solutions of ammonia slowly lose 
the gas if they are more concentrated than A72, 
but those of this or lower concentration arc very 
stable. An approximately’ A72-solution may be 
prepared by diluting 28 c.c. of the ordinary 
concentrated solution (sp.gr. 0-88) to 1 litre ; 
it is standardised against hydrochloric acid with 
methyl red as indicator. 

Expansion of Standard Solutions . — In order to 
correct for expansion or contraction of standard 
solutions with change of temperature, it is 
important to note that these deviations differ 
from those of water if the solutiorf is not very 
dilute. The following table is taken from 
Schlosser’s data (Chem.-Ztg. 1904, 28, 4; 1905, 
29, 510) for correction to 15°C., the value 
given being the number of c.c. to be added to or 
subtracted from 1,000 c.c. at the given tempera- 
ture. 


A'-HjSOj 
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Typical Acidimetnc and Atkalimefric 
Estimations. 

Determination oj Total Allali . — About 10 g 
of the substance are dissohed in wafer, Rltcrd 
if recosary, and the solution diluted tooOO e.c ; 
50 c.o. are withdrawn, and titrated with X- 
hydrochlone acid, mcthjl orange being u<!ed as 
indicator If the substance is difficultly soluble 
in w ater, I p is boded with a measured escess of 
the acid, and the excess is titrated with standard 
alkali after being cooled The rc'ult pives the 
\oIume of acid reqiiirol to neutralte the 
total alkali, i e. that present as hjdroxide, 
carbonate, bicarbonate, sulphide, sulphite, thio 
sulphate, aluminate, and silieate. 

Allahnt Hydroxide in Prtsenctof Carbonate . — 
100 e c. of the above solution are heated, mixed 
with excess of baniira chlonde solution, cooled, 
diluted to 250 e.c., and well shaken. When the 
prceipitate has settled, SO c.c. of the clear liquid 
arc withdrawn and titrated with standard 
acid The hydroxide thus determined is one- 
twent_\ fifth of that in the original substance. 
The carbonate is precipitated as insoluble banum 
toll, .and the hjdroxidc content is unaffected 

jMjCOj-fyMOH+aBaClj 

-zBaCOj+yMOH-l-2.rMCI 

The solution cannot be filtered, since the alkah 
would absorb carbon dioxide from the air, 
causing more carbonate to be precipitated owing 
to reaction with the excess barium chlonde. A 
considerable excess of banum chlonde is 
necessaty to repress the slight solubihty of the 
banum carbonate 

In order to as oid the sbght error due to the 
c olumc of the prceipitate, and to economise time, 
Watson Smith (JSCI. 1882, 1. 85) adds 
jii«t sufficient banum chloride to precipitate the 
carbonate According to him, no banum 
rarl>onate remains in solution, and even if 
carlmn dioxide is absorbed, there is no excess' 
Kirifim to precipitate it, so no alkali is lost The' 
binum chlonde is added gradually to the hot 
solution until precipitation is just complete, and . 
the lohitton is filtered info a 2JO cc. Bask, an | 
nfiqiiot portion being titrated, S5rensen and' 
.\n<!cr«en (Z. anal. Chem. 1908, 47, 279) state 
tint hxdroMdc or bicarbonate should be con- 
verted into neutral chloride or normal carbonate, 
hi acid or alkali rcspcetiveli . in order that pure 
BnCO, may be precipitated. Alteraatnely, 
the whole of the liquid containing the barium 
carbonate in suspension maj be titrated with 
oxalic acid, with phenolphthalein as indicator, 
since this IS not affected bj the bmum carbonate. 

Citrioiialea tn the Presence of Hydroxide — 
The solution is coloured very faintly yeUow with 
pbcnacctobn, and titrated with standard acid 
until the colour changes to a rose tint. The acid 
thus added corresponds to the free hydroxide 
present. Further addition of acid now cau«csiiR 
intcn'ifiration of the red colour, but later this 
bcfomcs yellowish an'l finally a golden yeDowr. 
The additional acid thus added corresponds to 
the carbonate present (Lunge, J.SC.7. 1882, 1, 
50). This method h not accurate for small 
proportion* of hydroxide in presence of large 
quantities of carbonate. 


The following niethoil (W.-irder, Chem. Xcuo, 
1881, 43, 228) gixes fairly satisfactory results! 
especially for relatiiely small quantities of 
carbonate. To the cold solution, preferably at 
O'C, and saturated with sodium chloride, phenol- 
phthalein IS ndded, and standard hydrochlone 
acid IS run m slowly, the burette tip being 
immersed in the liquid, till the indicator becoinM 
colourless. At this stage [x c.c. of acid) all the 
hydroxide and half the carbonate haie been 
neutralised Titration is now continued with 
addition of methyl orange until this indicator 
shows a pink tinge {y c c. more of acid). There- 
fore the carbonate is equivalent to Sy c.c., and 
the hydroxide to (r— y) e c. Simpson’s indicator 
(see p 641) is available for the first stage. 

Exans (An.alyat, 1937, 62, 122) gixes a method 
for determination of carbonate, hydroxide, «ad 
cyanide (as in plating-baths), and describes a 
useful apparatus for the precipitation, filtration 
and washing of banum carbonate in absence of 
carbon dioxide. 

To determine the proportion of lime in a 
mixture xnth chalk, 5 g of the finely powdered 
substance are moistened with 10 e c of neutral 
alcohol and mixed with 490 c c of 10% sucrose 
solution (neutralised if necessary ). After being 
shaken tbr 4 hours, the solution is filtered 
through a dry paper, and 50 c c are titrated by 
A'/2 hydrochloric acid, phenolpbtbaJem being 
the indicator. 

ilned Xormal and Acid Carbonates — The 
cold dilute solution is titrated m presence of 
phenolphthalein, with the burette tip under the 
liquid, and the disappearance of colour corre- 
sponds to the conversion of all the carbonate Into 
bicarbonale The liquid is then boiled and 
titration is continued until the solution remains 
colourless after prolonged boding. Jf x c e. are 
added up to the first stage, and yee. in all, then 
2x c.c. represents the normal carbonate, and 
(y—2x) c e the bicarbonate As before, better 
results are obtained if considerable sodium 
chlonde is added to the solution to be titrated. 
A1 m>, thymol blue gives a better indication of the 
first stage, titration being earned only to a green 
(mt. 

Titration of carbonate to the bfcarfioiiaft 
stage may be effected by’ uso of Simpson’s 
mixed indicator (see p. 641), but in all cases it is 
best to use a comparison solution containing the 
anticipated amount of sodium bicarbonate and 
the same amount of indicator ui the same 
volume of liquid as m the test solution. 

Lnnge used a different method, based on the 
reaction: 

xM,COs+yMHCO,-(-zNHj-f(r+y)6aCf, 

=(2r+y)MCl-hyNH4CI-i-(x+y)BaCO, 

-Kr-5f)NH, 

The solution to be tested is mixed with a 
measured excess of A’/J-ammonia, excess of 
banum chlonde added, and the Lquid diluted 
with recently boiled water to a definite volume 
I When the precipitate has settled, a i>ortion of tl e 

! clear hquidiswithdrawnbya pqietteand titr^^l 

for excess ammonia by standanl and. Toe 
difference between the ammonia added and t!i*t 
found finally corresponds to the bicarbonate 
pre«ent. 
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Another method is to add a definite excess of 
carbonate-free sodium hydroxide, the resulting 
mixture of hydro.xide and carbonate being 
analysed as above. 

None of these methods is very accurate if 
the proportion of normal to acid carbonate is 
small. 

Ammonia. — Free ammonia in its aqueous 
solution is determined by weighing 10 c.c. in a 
light, stoppered, graduated, tared flask, and 
titrating it with standard acid and methyl red. 
The weighing gives both the weight taken for 
analysis and the specific gravity-. 

Combined ammonia is determined by boUing 
the substance with a considerable excess of 
sodium hydro.xide solution, absorbing the 
ammonia in a measured excess of standard acid, 
and titrating this excess by alkali. The ammonia 
is most efficiently removed by a current of steam. 
If organic nitrogen compounds are present, these 
yield some ammonia on distillation with caustic 
alkali but not with magnesia, so a suspension of 
the latter should be used. Winkler prefers to 
absorb the ammonia in 2% boric acid solution 
and titrate it directly with methyl red or methyl 
orange as indicator, since this acid does not 
affect these indicators. 

Ronch6se (J. Fharm. Chim. 1907, 25, 611) 
and Wilkie {J.S.C.I. 1910, 29, 0) determine 
ammonia in its neutral salts by adding a large 
excess of formalin (5 c.c. usually suffice) which 
has been neutrah'sed to phenolphthalein, and 
after one minute titrating the acid which has been 
liberated owing to removal of the ammonia to 
form hexamethylenetetramine. If the salt 
solution is not neutral initially, it may be 
neutralised with methyl orange or methyl red as 
indicator, pbcnolphthalein being inadmissible 
at this stage; if an acidity is due to a weak 
acid, neutral red should be used instead of the 
other indicators. 

Hydrochloric, Hydrohromic, Hydriodic, Sid- 
phuric, and Nitric Acids. — ^These acids are 
determined by direct titration with standard 
alkali, using methyl orange, methyl red, or 
hromophenol blue as indicator. 

Oralic, Tartaric, Citric, Acetic, and Lactic 
Acids. — These acids may be similarly deter- 
mined if phenolphthalein is used as indicator. 

O. xalic acid may be titrated with litmus as 
indicator if the solution is boiled. Methyl orange 
can be used if the oxalic acid is first nearly 
neutralised and then treated with excess of 
neutral calcium chloride solution, the titration 
being virtually that of hydrochloric acid liberated 
by double decomposition; if ' the chloride is 
added before the acid is nearly neutralised, the 
calcium oxalate carries down some acid, and the 
cesulta are erroneous. 

Boric Acid. — ^This cannot be directly- titrated 
as an acid, since it is too weak to give accurate 
any of the ordinary- indicators (see 

P. 639), and borates titrate as if they- were the 
Jcee base. If, however, the solution contains at 

30% of its weight of glycerol, the complex 
acid can be titrated in presence of 
phenolphthalein, the boric acid being virtually- 
monobasic (Thomson, J.S.C.I. 1893, 12, 432). 

uojtion of 5-10% of mannitol to the solution 
has a similar effect (Jones, Amer. J. Sci. 1899, 
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7, 847). In the presence of phenolphthalein, 
the absence of carbonates must be ensured. 

Sulphurous Acid. — ^This acid can be titrated 
directly by sodium or potassium hydroxide 
(not by ammonia) if methy-1 orange, phenol- 
phthalein, or rosolic acid is used as indicator. 
The first indicator denotes the stage MHSO3 
and the other two show the M^SOj stage. By 
utilising this fact it is possible to determine both 
sulphite and bisulphite together. 

Phosphoric and Arsenic Acids. — These are 
monobasic with methyl orange or, better, 
bromocresol green, and dibasic with phenol- 
phthalein or, preferably, thymolphthalein. For 
the second stage, a mixture of phenolphthalein 
with two parts of a-naphtholphthalein gives a 
sharp and accurate end-point. These acids can 
be titrated with baryta and phenolphthalein; 
towards the end of the reaction time must be 
allowed for the gelatinous Ba3(P04)2 to change 
into the cry-stalline BaHPO^. Advantage may- 
be taken of the different basicity as indicated 
by the above methods to estimate jjhosphoric 
acid in presence of monobasic acids such as 
hydrochloric acid. 

Segalle (Z. anal. Chem. 1895, 34, 33) pre- 
cipitates phosphoric acid as MgNHjPO^ by- 
addition, first, of a known xoluine of standard 
ammonia, and then of magnesium sulphate, and 
the excess of ammonia in an aliquot part 
of the filtered solution is titrated by- standard 
acid with methyl red as indicator; or the 
precipitate may be filtered off, washed with 
ammonia and then with 50% alcohol, and 
dissolved in excess of standard acid, the e.xcess 
being titrated by standard alkali (.Stolba). 
Both these methods are equally- applicable to 
arsenic acid. The efficient washing of the 
precipitate by alcohol is difficult to achieve. 

Wilkie (J.S.C.I. 1909, 28, 68) adds to the acid 
solution excess of silver nitrate followed by- 
excess of sodium acetate, whereby- AgjPO^ is 
precipitated and the corresponding amount of 
acetic acid (3 equivs.) is liberated and can be 
titrated as usual. A recent improvement 
(Simmich, Angew. Chem. 1935, 48, 560) is to 
neutralise the solution to methyl orange, add not 
more than 3-5 equivs. of silver nitrate, and 
titrate, by using bromothymol blue, the nitric 
acid liberated according to the ecpiatioh, e.g. : 

KH.PO.-hSAgNOg 

=Ag 3 P 04 -fKN 03 -f 2 HN 03 

Free phosphoric acid can be titrated as a 
tribasic acid if calcium chloride is added to the 
solution in the ratio of 5-10 mols. per mol. of 
H3PO4, so as to avoid formation of CaHPO^ 
(Bull. b'oe. chim. 1933, [ivj, 53, 963). 

Carbonic Acid. — ^In solution, this acid is 
determined by adding excess of ammonia and 
calcium chloride. The liquid is then boiled, and 
the precipitated calcium carbonate collected, well 
washed, and dissolved in a measured excess of 
standard hydrochloric acid, the excess being 
titrated by- standard alkali to methy-1 orange : 

C02=0-022 x vol. of A*-acid consumed. 

Insoluble carbonates are w-eighed mto a flask 
carrying a cork fitted tvith a bulb and delivery- 
! tube. The bulb contains 40% phosiihoric acid. 
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which is allowed to drop slowly on to the' 
carbonate, and the e\ oh ed gas is into a flask 
containing fairly strong ammonia. The second 
flask is closed with a cork through which pass 
the deliver} tulic, which should end just above 
the surface of the ammonia, and a guard tube 
fillwl vntli pieces of gbss moistened with 
ammonia. Finally when all the gas has been 
evpelled, by moderate heating if necessary, the 
COj in the ammonin ta determined by means of 
calcium chloride as above (Gooch and Phelps. 
Amer. J. Sci. 189o. 50, lOl, who, however, u^ 
h}drochlorie instead of phosphoric arid). The 
process can be adapted to the determination of 
COj in mineral watere 

Seyler (Ana]}St, 1897, 22, 312) discusses the 
occurrence of carbon dioxide, free and combined, 
m natural waters. 

Uydrofiuoric Acid — This may be accurately 
titrated b} carbonate free potassium hydroxide 
and phenolphthalein, but if it contains aihco- 
fluoric acid, this is titrated as a dibasic acid and 
the end point fades slowly owing to the reaction 
of KjSiF, nitli the excess alkah (see Mote) 

SilicoJluoTic Acid. — Solutions of this arid 
should be diluted with on erjual volume of 
alcohol and titrated as above; the KjSiF* 
Id inaoluble in the alcoholic solution and does 
not undergo tho further reaction mentioned 
above Alternatively, this salt may be filtered 
off and further titrated 

K,SiF,+4K0H=6KF+S(0,+ 2H,0. 

Conihineii in Sails may be roughly 

determined by adding to the eolubon a 
measured excess of sodium hydroxide or 
carbonate, boiling the mixture, letting the 
precipitate settle, and titrating the excess 
alkali in an aliquot part of the liquid, methyl 
orange being the indicator. The volume of 
alkali consumed is a measure of the combined 
acid. For salts of copper, silver, mercury, 
cobalt, nickel, iron, and chromium, the hydroxide 
shouid be used . for those of calaum, barium, 
strontium, magnesium, nlumimum. zinc, bis- 
muth, and manganese, the carbonate should 
be O'onb 

For strongly coloured solutions or salts which 
arc readily hydrolysed, Kiefer’s method 
(Annalen, ISo.'i, 03, 38G) is still sometimes used: 
GO g. of copper sulphate are dissolved in 
water, and ammonia is added untilnearlyaJl the 
precipitate has rcdissolved. The solution is 
diluted to 000 c.c., allowed to settle, and the 
clear liqiiul fil(ere<I through glass wool and 
diluted to a hire. When this liquid is gradually 
added to an acid solution observer) against a 
black background, a temporary precipitate is 
redissolv «1 until all the free acid is neutralised, 
blit then remains permanent. A blank is 
similarly standardised on 10 c.c. of A’-snlpbnrie 
acid. The results vary with conditions of 
conrentrnticin, etc. The nitrate is used instead 
of the sulphate if barium, etc., is present. Tbe 
solution requires frequent standardisation. 

Free Acid in Sails may be determined by 
adding glycerol to the solution and titrating the 
acid (Wagner, Z. anal. Chem. 1933, 95, 311). 
The glycerol formsa oomplevwilh the metal and 
the salt is not then Bub]ect to hydrolysis. Free 


acid in iron or aluminium sulphate may be 
detcnninwl bv adding 10 g. of sodium chloride 
and 5g of sodium fluoride and titrating without 
removal of the colourless precipitated fliionJc, 
phenolphthalein being the indicator. 

For titration of free acid in iron or copiKTsaUv, 
set Allium (Prop. Chem. Soe, lOOG, 22, 63) and 
Sims (Chem. News, 1907, 95, 253) respectively. 

litUiography. — Sutton’s “ \’olumetne Analy- 
sis,” 12th ed , 1D35 ; Treadwell, “Analytical 
Chemistry,” vol. 2. 8th ed. (Irani by Hill), 
193.5 , Lunge's “ Technical ChemiWs Hand, 
book,” Sril ed. (Cumiiiing). 1929; Koithoffand 
Furman, “ Volumetric Analysis,” 1929. 

Other Volumetric Processes. 

Preparation of Standard Solutions. 
PoTAsaiou Pebmanoasate. — ^T his la employ ed 
as an oxidising agent, usually' m dilute sulphunc 
acid solution, when ic reacts according to th'' 
equation : 

2KMn0.+4H,S04 

=2KHSO4-p2MnSO4+3Hj0 + 50 
Tlie ovulation of ferroii* •mlplnte, for example, 
IS rcprcsentefl thus 
2KMnO4^-10FeSO.+9H,SO. 

a2KHS0,+ 2MnSO4-f6Fej(SOj),+ BHj0 
It 13 sometimes simpler to regard the procesi as 
oecurmig between ovules 

10FeO+Mn,O,-6Fe,Oj+2Mn0. 
or as a transfer of electrons from ferrous ions : 
5Fe”4-Mn04'+8H -5Fe •■fMn’+4H,0 
The utility of permanganate depends on the 
facts that such oxidations arc rapid and quaniita- 
tive, and that its strong colour enables it to act 
as Its own indicator, the smallest excess being 
readily detected. Jfost oxidations occur at the 
onlinary temperature, but that of oxalic acid 
requires a temperature of 60®-80®. It is csscntnl 
to bavo a moderate excess of sulphuric acid 
present (say, 2-5 c.c. of concentrated acid 
per 100 c.c. of solution), for otherwise manganic 
Ayii!foxia%3 may separate aiuf spurf fAir Wr.ri'i'S'W 
Tbe presence of hydrochloric acid should be 
avoideil if possible, since it tends to react with 
the permanganate, particularly m presence of 
iron salts. Tlic resultant error can be niinimiscd 
by certain donees described under Irov. 
The addition of colloidal silicic acid, in the form 
of 5 ee. of a solution of water-glass (*pgf- 
1-I7J, was ckvimed to obviate this source of 
error (Analyst, 1909, 34, 306), but this hai been 
disputed (Chem. Ztg. 1919, 43, 51 ; 1920, 44. 
310. 683 ; Z. anal. Chem. 1923, 62. 417). 

Preparation and Tilralion of the Sol>itiOii~- 
An A'/lO solution (3 16 g. per litre) is most con- 
venient for general use. After being jirep^cd, 
the solution should be set aside for a few 
then filtered from any deposited dioxide (whuh 
catalyses its decomposition) through a sintcro'- 
glass filter, and standanliscd. It is then faH” 
stable Jbr Jong perioiis jf stored out of bright 
light and protecteil from dust. The solution w 
best standardised against sodium oxalate, 
Ttlration ayainet Sodium Oralale.— This sub- 
stance wras suggested as a standard by Sorenwn. 
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and is generally regarded as the best for the pur- 
pose as it can bo obtained very pure and 
anhydrous. It should be dried at lOO'-'C. for 
few' hours before use. The following method 
(McBride, J. Amer. Chem. Soe. 1912, 34, 393) 
had been regarded for many years as the best, 
but has recently been criticised (see below). 

Three or four portions of the pure dry oxalate 
{fl-25-n-30 g.) are separately dissolved in 200- 
2r>0 e.e. of water containing .T e.e. of concentrated 
sulphuric acid, heated to 80°-90°C., and titrated, 
with vigorous stirring and very slowly, especially 
towards the end, until a faint permanent pink 
coloration is obtained. The final temperature 
should not bo below 60°. 

Fowler and Bright (J. Res. Nat. Bur. Stand. 
193.), 15, 493) find that this method is apt to give 
high results for the permanganate factor; 
they recommend that 90-95% of the volume of 
permanganate expected to be required be added 
to the acid oxalate solution at 25°-30°, the titra- 
tion being then completed after the solution has 
been warmed to 55°-60”. 

Other common methods for the standardisa- 
tion are against: o.xalie acid dihydratc, 
H2C204,2H20; ammonium oxalate, 
(NH^ljCjO 4,H20; 

and Mohr’s salt, FeS04,(N H4)2S04,6H jO. 
The former practice of standardisation against 
iron wire shoidd bo discarded, since the traces of 
oxidisablo impurities consume more per- 
manganate than their own weight of iron, and 
correction for the actual iron content increases 
the error. Jtetallio iron produced by the 
decomposition of the pentacarbonyl, Fe(CO)5, 
is, however, sufficiently pure for standardisation 
purposes (Z. anal. Chem. 1933, 91, 341); 
and the ferrous salt produced by dissolving pure 
silver foil in excess of acidified ferric alum 
solution in a current of earboii dioxide has been 
recommended for standardisation, especially if 
phosphoric acid is added to dimini.sh the colour 
of the ferric salt (Z. anorg, Chem. 1924, 136, 
193). 

It is often convenient to express the con- 
centration of a permanganate solution in terms 
of the weight of iron it can oxidise; thus 1 e.e. 
of A/10-pcrmanganate=0’005584 g. of iron. 

PoT.vssiuM Dichromate. — A solution of this 
salt may replace permanganate in the titration 
of ferrous iron, with the advantage that it is not 
affected by dilute liydrochloric acid. An excess 
of mineral acid is essential. The oxidation may 
he expressed by any of the equations : 
KjCrjOj-t-eFeClj-t-MHCI 

=2KCI-f2CrCl3-f6FeCl3-f7H20, 
2Cr03-b6FeO = Cr2O3-F3Fe2O3, 
6Fe"-pCr20,"-H4H=6Fe--b2Cr--(-7H20 

An A’/IO solution is prepared by dissolving 
’■904 g. of the pure dry salt in distilled water 
and diluting to 1 litre. The titrations are made 
at room temperature, but since the green colour 
of the chromic salt masks the colour of the 
exce.s.s of dichromate it is necessary to u.se either 
(•) an external indicator or (ii) an intensely 
coloured internal indicator. 

(') Drops of a very dilute solution of potassium 
lerricyanidc solution, prepared by ■;vashing a 


small crj'stal repeatedly to free it from ferro- 
cyanidc and then dissolving it to give a very pale 
yellow solution, are placed on a white plate, and 
from time to time the end of a glass rod, 
previously' dipped into the solution being 
titrateel, is brought into contact with a drop of 
ferricyanide. As long ns ferrous salt is present in 
appreciable amount a strong blue colour is 
obtained, but ns the quantity diminishes, the 
colour becomes paler, then greenish-blue, until 
finally a drop ceases to give any colour; at tins 
■stage about lialf a minute .should bo allowed for 
any potential colour to develop. If the ferri- 
cyanide is too strong the end-point has a 
brownish tint. 

(ii) It is more convenient to use an internal 
indicator, ■ of which a variety' is available. In 
conjunction with some of these it is necessary 
to add 2-.'> e.e. of syrupy' phosphoric acid (or its 
equivalent), and in any- case a fairly high con- 
centration of acid shouhl bo maintained by 
addition of 10 c.c. of concentrated sulphuric acid 
per 150 c.c. of liquid. A few drops of a 1% 
solution of diphenylamine in concentrated 
sulphuric acid, or, better, three drops of a 0-3% 
aqueous solution of bfirium diphenylamine- 
sulphonate are used as indicator, the eiul-point 
being marked by’ the persistence of an intensely 
bluc-violet or a bright rcddi.sh-pink colour 
respectively. Another indicator of this typo is 
tri-o-phenanthrolinoferrous sulphate, 

[Fe(C,,HsN,),]SO„ 

which is readily prepared from 12 g. of the 
hydrated base and the equivalent of acid-freo 
ferrous sulphate per litre; one drop of this 
Jlf/oO solution usually suffices; the colour 
change is from an intense red to a pale blue, and 
phosphoric acid is not required (Walden, 
Hammett and Chapman, J. Amer. Chem. Soc. 
1931, 53, 3908; 1933, 55, 2649). Numerous 
other indicators have been suggo.sted; a few 
drops of a 1% solution of brucine in dilute 
sulphuric acid are effective if the acidity is kept 
above 3A'-: the solution acapiircs a bright 
cherry'-red colour at the end-point, and. ns in 
the foregoing cases, c.xccpt that of diphenyl- 
amine, mercuric and stannic .salts do not inter- 
fere. Further, phenylanthranilic acid may be 
used under similar conditions to the phenanthro- 
line compound (J. Amor. Chem. Soc. 1936, 58, 
928). The colour change of dipheny'lamine is 
not evident in artificial light. 

Ceric Sulthate. — This oxidising agent has 
the advantage over potassium permanganate, 
which it otherwise resembles, that its action 
involves only one step in valency instead of 
five : 

Ce’''-5- Ce»Mc/. Mn«), 

and that the presence of hydrochloric acid is not 
inconvenient ; on the other hand, its colour 
(orange) is not so intense as that of permangan- 
ate, and it cannot so readily serve as its own 
indicator. The,sohition is prepared by heating 
50 g. of the commercial oxide (of which the 
oxidising power is equivalent to about 40% 
of CeOj) or 50 g. of ceric nitrate with con- 
centrated sulphuric acid — in the latter case, 
until all nitrous fumes are expelled — and 
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extracting the coojed mass uith water to give a 
litre of solution, which should then be rather 
stronger than A’/IO, and be Kf2 to X- xnth 
regard to sulphuric acid. Alternatively, 35 g 
of purified cerous oxalate may be conxerted 
into oxide by heating at GOO'C. m an iron 
crucible, and the oxide is then treated as above. 

The solution is st.andardised on eodiam 
oxalate m acid solution at 70®C , being added 
until a pale 3c]low colour due to ccnc salt just 
persists 

H,C,04+2Ce(S04). 

- 064(804)3+ HjS04+2C0, 
It mav aKo be standardised upon ferrous 
ammonium sulphate, titr.ition lieing earned 
out at room temperature with 0 5 e c. of 0 1% 
aqueous solution of xylene cj’anol FF as indica- 
tor , the colour changes sharply from green to 
orange and is readily rex ersible Methyl red 
(Furman and Exans, J Amer Chem. Soe 
1928. 50. 755. 1675, 1030, 52. 2347) or cno- 
chucin A may be used as indicator; in the 
former ease it is better to titrate in the rexerse 
direction, and the ferrous solution is run m until 
the cenc solution i« mle j’elloxx, then the 
indicator is added togetWr xiith sulphuric and 
phosphoric otids, and the titration is con- 
tinued until the solution betumes violet. Erie 
glaucm A is xilloxv xMtli feme and rose uith 
cenc solution> 

Potassium fcrrocyanidc serxes as a standard 
if a drop of diphenytamiiic solution («ce p. C47) 
IS used as indicator , or a drop of feme ehlonde 
solution may bo used instead, titration being 
earned out xvith vigorous shaUing until the 
Prussian bluo colour di<appeara I^me (&u ift, 
J. Amer Chem Sue. 1930, 62. 899) and ar 
sciitous oxide (INillanl and Young, iM. 1028, 
50, 1372) haxo aUobcLn used for the standardisa- 
tion. 

IfiinsE, .'^otuixi Titiost iPiixTE, andSouhm 
A nsEMTt — A; 10 solutions of these reagents arc 
frequently used in conjunction with one 
another. The fundiniental reaction lietween the 
first two IS 

2 NajS, 03 i; l,-Ma^ 40 ,+ 2Mal. 
although in certain cinumstances oxubstioo to 
sulpliale may occur to a small extent (Pickering, 
J C.S. 1880, 37, 128). In colourless solutions 
the colour of .V/10 lodmo suffices for it to act 
as Its own indicator, but m coloured solutions 
or xxith xxcaker iodine it is necessary to use 
starch solution, which gixes an inten^o blue 
colour xxitli the least excess of iodine. 

Slarck Sohition. — About 1 g. of powdered 
Roliibic starch is ground into a paste with a 
little cold water and slowly added to 200 c.e. of 
boding xxatcr, the boihng is continued for a 
few minutcN, and tho solution cooled. It only 
keeps for a fexx day s unless sterilised, and then, 
if kept in small bottles, completely filled and 
closeil by rubber stoppers, it is stable oxer long 
periods. Addition of 1 mg. of mercunc iodide 
per 100 c.c. also preserxes it. 

Sensitiieneii of the /orfine-<S/arcA Jltaetton . — 
Starch must be u«ecl in cold solution, for heat 
greatly dimmWies its sensitivity. Also, it 
must not be used in strongly acid solution. 


for if it IS by droly «ed it ceases to give a strong, 
pure colour. Among other factors xihich affect 
the sensitiveness of starch, the concentration of 
soluble iodide is important, and this should be 
neither le«s than A'/ISO nor excessixely high 
With only a xery slight trace of iodine the 
colour IS pink, but with more than a mere trace 

IS an intense blue. 

In many titrations 1 c.c. of a 0 005% solution 
of methylene blue may replace starch (Anilxst 
1910,35,309, 1912,37,232) 

Iodine Stdution — To 25 g. of potassium whde, 
dissolved m a little xxatcr, 12 69 g. of pure iodine 
added, the mixture shaken until di«oiiitioii 
oinplcte, and diluted to 1 litre. The solution 
should be kept in the dark and protected from 
dust. For direct preparation of sraaU quantities 
of standard lodmc, see below. 

Sodium Thiosulphate <So/U(ion. — The degree of 
hydration of the crystals is not to be relied 
upon, so 2.» g, arc dissolved m a htre of xrater, 
and after standing out of direct sunliglit for at 
least a week, the solution is standardised. It is 
Dnrlv stable, and attempts to improve the 
stability by addition of borax (-V/100) (Watson, 
JSCI. Victoria, 1932, 32. 679) are sijil to lead 
to inaccurate result* (Hoikheimcr, Pharm Ztg 
1935,80, 1330). 

Sodium Aisenite Solution —4 9i(i g. of re- 
sublimed anenious oxide are dissolved in a littio 
warm pure sodium hydroxide solution, diluted 
to about 300 cc.. made just acid to phenol 
phtbalein by dilute sulphuric acid or a current of 
carbon dioxide, ami mixed with 20 g of sodium 
bicarbonate m 500 cc. of water, the faintly 
acid reaction being restored by dilute sulphuric 
add. The solution is then diluted to a litre i it 
IS cx.TcUy dccinoTiual, and keeps indefinitely. 

A measured volume of the arscnite solution is 
titrated by the lodme solution, with addition 
of starch if necessary , and the iodine is thersby 
standardised. ITie rex er«iblc reaction 

ASj08+2lj+2Hj0?iASj0j+4HI 
proceeds completely to tho right in neutral 
!>olution. and tho excess of Bodium bicarbonate 
secures this condition Ijy neutrahsing tho 
hydnodic ncid produced. Owing to efteivcs- 
ceoro, due to the reaction between bicarbonate 
and hydriotltc acid, the titration vessel should 
be covered except when the iodine is being 
introduced. 

The thiosulphate solution is standardised on 
the iodine solution, or upon a solution prepared 
os follows . 0 5 g. of pure iodine, 0 1 g. ®* 
potassium iodide, and a trace of quicklime are 
ground together and heated on a sand-bath until 
iodine vapour is copiously evolved; the di'h 
13 then covered with a dry watch glass, and the 
greater part of the lodmo sublimed on to it. 
The watch glass is then covered with a serond 
accurately fitting glass and the pair arc xccighcd, 
the weight of the glasses having been previously 
found. The whole is then carefully placed in 
10 c.c. of a 10% aqueous solution of potassium 
iodide, and when the iodine has dissolved it M 
dilutcfl to 100 c.c. and titrated by the thio- 
sulphate. I 

The thiosulphate may also be stftndardi“e< 
agaimt permanganate which has been chreke 



CHEMICAL 

on sodium oxalate : 1-2 g. of potassium iodide 
arc dissolved in water, acidified with 5 c.c. of 
2A-sulphuric acid, and 25 c.c. of A/lO-per- 
manganate added. The iodine liberated accord- 
ing to the equation 

2KMnO4-!-10KI-t-14HjSO4 

=12KHS04-f2MnS044-5l2-t-8Hj0 

is then titrated by the thiosulphate after dilution 
of the solution to 100 c.c. 

Thiosulphate should not be standardised 
against a copper solution unless it is to be used 
for the titration of copper (q.v.), for the result is 
slightly in error with regard to other titrations. 
It may bo standardised against pure potassium 
dichromate under the conditions prescribed 
under Chromium. The iodine liberated from a 
hnown weight of pure potassium iodate by 
potassium iodide in dilute acid solution also 
affords a good means whereby to standardise 
thiosulphate. 

Titasous Chloride. — This reagent, intro- 
duced into volumetric analysis by Knecht {J. 
Soc. Dyers and Col. 19, No. 6 ; Ber. 1907, 40, 
3819; Knecht and Hibbert, “New Reduction 
Methods in Volumetric Analysis,” 1925), is a 
powerful reducing agent. For example, ferric 
chloride is rapidly and quantitatively reduced in 
cold hydrochloric acid solution, according to the 
equation 

FeCl3-l-TiCl3=FeClj-|-TiCl4, 

and the end-point is reached when a red 
coloration disappears from 10-20 c.c. of 10% 
potassium thiocyanate solution which has been 
added to the ferric solution. Chromic acid and 
cupric salts may be similarlj' estimated, also 
many azo-d 3 'cs. 

60 c.c. of commercial 15% titanous 
chloride (or sulphate) solution, which usually 
contains some iron,, are mixed with an equal 
volume of concentrated hydrochloric acid, 
boiled for several minutes, and diluted to 1 litre 
with air-free water. The solution is stored in an 
atmosphere of hydrogen or carbon dioxide, 
and a convenient apparatus (see, e.g., Sutton’s 
“ Volumetric Analysis,” 12th ed., p. 262) is 
one in which the solution can be transferred 
from the storage pspirator to the burette without 
coming into contact ivith air or rubber. 

The solution is standardised against an iron 
salt or potassium dichromate, (i) 35 g. of pure 
ferrous ammonium sulphate are dissolved 
in dilute sulphuric acid and diluted to 1 litre ; 
25 c.c. of this solution are then exactly oxidised 
by potassium permanganate, and the resulting 
ferric salt is titrated by titanous chloride as 
above, (ii) If dichromato is used, the thio- 
e.vanate indicator Jatar, J.S.C.I. 1908, 27, 
o<3, m\ist bo used externally by “ spotting ” ; 
the colour changes, through orange to green ancl 
then violet, show the approach of the end- 
point, and the spotting need not be started until 
the green colour has just disappeared. 

rcrric alum, purified as described by de 
honmek (Bull. Soc. chim. Belg. 1909, 23, 
‘■-^), may be used for the standardisation. 

oTAXxous Chloride. — This reducing agent is 
more susceptible to atmospheric oxidation and 
ciange in titre than titanous chloride, but is 
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occasionally used. Ferric salts are rapidly 
reduced in hot hydrochloric acid solution : 

2FeCl3-)-SnCl2=2FeCl2-hSnCl4 ; 

and iodine is reduced in cold acid solution : ■ 

2l2-b2SnCI„=Snl4-f-SnCl4 

10 g. of tin, preferable as pure foil, are dis- 
solved in 200 c.c. of concentrated hydrochloric 
acid by boiling in contact with a piece of platinum 
foil, and the solution is cooled, diluted to 1 litre, 
and kept out of contact with air. 

The solution may be standardised on iodine 
(see under Tin) or on a ferric solution, according 
to the purpose for which it is required. In 
the latter case, a known weight of pure ferrous 
ammonium sulphate is dissolved in water, 
hydrochloric acid added, and the iron oxidised by 
means of potassium chlorate, the excess chlorine 
being boiled off ; the solution is cooled, diluted 
to 1 litre, and 25 c.c. used for titration. The 
solution to be titrated should be boiling and 
contain at least a quarter of its volume of 
concentrated hydrochloric acid, and the best 
method is to add a slight excess of stannous 
chloride, cool the solution, and titrate back with 
iodine. As far as possible, the process should bo 
carried out in an atmosphere of carbon dioxide. 

Silver Nitrate, Sodium Chloride, and 
Ammonium Thiocyanate. — These precipitation 
reagents are used for the determination of silver, 
copper, mercury, the halogen acids, cyanides 
and thiocyanates. They are usually made of 
decinormal concentration. N/lO-silver nitrate 
is prepared from the pure dried salt and contains 
16-99 g. per litre. If it is to be used in acid 
solution (see Volhard’s process, below), it may be 
prepared by dissolving 10-788 g. of pure foil in a 
sh'ght excess of nitric acid, boiling off nitrous 
fumes, cooling, and diluting to 1 litre. iV/ 10- 
sodium chloride contains 5-845 g. of the pure 
dry salt per litre ; it is used in Gay-Lussac’s 
very exact method for the assay of silver (see 
Assaying). Neither ammonium nor potassium 
thiocyanate can be prepared accurately by 
direct weighing ; 8 g. of the former or 10 g. of the 
latter are dissolved in water, the solution diluted 
to 1 litre, and 25 c.c. standardised against silver 
nitrate as described below. 

Silver nitrate is used either in neutral or nitric 
acid solution. In the first case two types of 
indicator are available. 

(i) Potassium chromate is used when halides 
are being estimated (Mohr’s method). Silver 
chromate is decomposed by solutions of halides, 
forming the silver halide and metaUic chromate ; 
consequently, silver chromate cannot persist 
until all the halide has been precipitated. The 
first drop of silver nitrate in excess then pro- 
duces a permanent precipitate of silver chromate, 
which gives a faint red tint to the previously 
pale yeUow liquid, the change being more easily 
detected in monochromatic sodium fight. Tivo 
drops of a 10% solution of potassium chromate 
are added to the solution, which should not be 
too dilute. Since silver chromate is soluble 
both in dilute acids and in ammonia, the solution 
must bo neutral or very faintly alkaline with 
bicarbonate but not with ammonia. An acid 
solution should be neutralised ivith calcium 
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c.irbonate added in slight excess, and an alkaline 
solution shoiihl he h.Trely acidified with dilute 
nitric at id and then treated ns above. Ifbanum 
IS present, it should be prccipitatetl bj' sodium 
Biilph.ate, for othenviso it reacts with the 
chromate (the banum sulphate need not be 
remo^ed). 

(ii) Atlsorption indicators may be used If 
chloriilc IS liemg titrated, 10 drops of a 01% 
aqueous solution of the sotliiim salt of fluorescein 
are added jicr 100 cc. of liquid; as the silier 
solution is run in, with shaking, the suspension 
remains greenish-yellow until the first drop in 
excess 13 added, whereupon the precaprtale 
assumes a pronounced redtlish pink colour. 
The titrated solution should not be stronger 
than A720 or weaker than A’/lOO, and if acid, 
it should he treated with excels of sodium 
acetate. Duhlorofluorescein is seniteable for 
more dilute solutions (down to .about A’/OOO), 
and is preferable if acetic acid is present in more 
than very small amount. 

For the titration of bromides, eosin (4 or 5 
drops of 1% aqueous solution of sodium salt per 
100 c c.) IS used, the colour of the precipitate 
changing to magenta at the end point , slight 
concentrations of nitric acid are not inimical, 
but in any case it is better to add excess of 
sodium acetate Kosin n also available for the 
titration of iodides (preferably diluted to about 
A70O), but Ice of 1% dnnethyidi-iodofluores- 
com IS better. These indicators are preferable 
to potassium chromato for the titration of 
bromides and iodides, for ttus indicator is not 
very good with the former and is definitely 
erroneous with the latter. 

In both types of titration, flocculation of the 
precipitate tends to obscure the end-point, and 
m order to minimise this, addition of a bttle 1% 
starch solution or of 11-10 cx. of 0 1% chloride- 
free agar solution has been recommended. 

In the presence of nitric acid, preferably not 
loss than A’1’2, silver nitrate and ammonium or 
potassium thiocyanate aro used in conjunction 
(V'olhard, 1878). The addition of the thio- 
cyanate to the Bilier solution precipitates white 
silver thiocyanate, and m presence of a feme 
salt iViu toTOjArtion ol the prenpitation is 
denoted by a red coloration due to ferric thio- 
cyanate. The Indicator is prepared by adding 
slightly diluted nitric acid, boded free from 
nitrous gases, to a saturated solution of ferric 
alum until it is nearly colourless ; 5-10 c.c. are 
used 111 each titration. 

Determination of Individual Elements 
and Radicals. 

Aluminium, (a) lodtmtlricalltf. Thcncutral 
aluminium solution is treated with excess of 
potassium iodide and then w ith excess of potas 
Slum iodate ; a measured excess of A’/IO- 
sodium thiosulphate is then added, and the whole 
is hoited on the water-lath for 10 minutes. 
Aluminium liydroxidc is precipitated according 
to th'- 1 ijintion 
2AICI,+ 5KI-hKI0,-t-3H,0 

= 2AI(OH)a-l-6KCI-|-3l,, 
ami the residual thiosulphate is titrated by 
A’/IO iodine. The thiosulphate consumed is a 


measure of the acid origin.xlly combined w ith tlip 
alununium and of any “ rcsidinl acidity ” due 
to extraneous acid already- present. To deter- 
mine the latter, excess of neiitnil potassium 
oxalate is added to another portion of the 
alummium salt, which is therein coiuerted to 
a stable complex KjAI(Cj04)j, and the acidity 
IS determined as before. The difference goes 
the acid stoiihiomitriially combined with the 
alumiiiiuni, and hciiic the amoimt of the mcti! 
itself may be c.'ileiihtcd (Her. 1U2.", 58, [it], 39s) 

( 6 ) By tneaiis of oriiie liyilronjtiiiiiinlitie). 
The neutral or feebly acid alunimuim sohiUoii 
(about OOi g. of At) is diluted to 150 e.e, 
warmed to 50"-60''C , and trc.ateil with a' 
moileratc excess (siiflit lent to gi\ c a pronounced 
yellow colour) of ad% solution of the reagent in 
2 Y acetic acid to which ammoni.x lias hriii 
added to produce a faint precipitate and which 
has been wanned to dissolve the latter. After 
addition of 40 g. of ammonium acetate in the 
minimum of w ater, the suspension is w ell stirred 
and allowed to cool to room temperature. Iho 
precipitate is eollcefed on a sintered gl.iss dia- 
phragm (Jenx G3), washed with hot water, and 
dissohed m concentrated hyclrochlora acid. 
The oxiiK thus obtained from the prciimtatcd 
AI(C,HjON)j is then determined Iroiiio- 
metrically, the reaction being essentially : 

C,H,ON-t-2Brj-C,H50NBr,-|-2HBr. 

The acid solution is treater! with a slight excess 
of A7lfl-potnMi'»in bromate bromide {1 784 g 
KBrO,and 12 g. KBrperlitre)Hs shown either(i) 
by “spotting ’ onto potassium iodide and starch 
paper or (ii) by a change from green to yellow 
produced m a few drops of added 1% iniligo- 
carmine solution. After dilution of the solution 
and addition of a few c c. of carbon dimlphule 
(to avoid occlusion of iodine in the precipitate), 
a few c.c. of 10% potassium iodide are added 
and tbeiodino liberated, equiialent to thcexcisi 
bromate, is titrated by .Y/JO thiosulphate, sfarch 
being used as indicator : 1 c.c. of .V/IO KBrO, 
a02248 mg. of Al. For other details, srt 
Z anal Chem. 1927, 71. 122, 369 ; 1929, 76, 
135; J. Amer. Chem. Soc. 1928, 50, 1900; 
0. »ea. Hat. liiir. Stand. YdiJ, 15, %" MAtWA 
and Ward, “ Jlodern Melliods m Quantitative 
Chemical Analysis,” 1932; Hcrg, “Das 0 
Oxychinohn," Eiike, 1935. 

Separation of iron and alummium can ^ 
effected by precipitating ferrous suljihido by 
means of hydrogen sulphide from ammoniacal 
tartrate solution, expelling hy-drogen siiljihine 
from the filtrates, and precipitating alummium 
by oxinc (Z. Fflanz. Dung. 1912, 26A, 1; 
Analyst, 1933, 58, 270). 

Determination of aluminium in presence of 
iron, chromium, nickel, cobalt, copper and 
molybdenum involves their conversion into 
soluble complexes with tartaric and and pota* 
alum C}aniih, foJJowcil by precipitation ol 
aluminium by oxinc (Chcm.-Ztg. 1934. 
1032) For the determination of iilmiiinuim I'y 
oxine in ntlridiiiy stee!^, see Bur. Stand J l'C“ 
19J3, 10, 327, and m foo-l, fee " Deports on 
Public Health and Medical Subject”, 2»o. i 
(H.M. Stationery Office, 1935). 

(e) A method recently suggetted (Angew. 
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Chein. 1935, 48, 589) is to precipitate aluminium 
as tlie arsenate, AlAsO^, eollect and wash this, 
dissolve it in hydrocliloric acid, and determine 
the resnltant arsenic acid (q.v.). 

Antimony. Antimonious Solutions, ( a ) 
liorhcJle salt (1-2 g.) and an excess of sodium 
bicarbonate are added to the solution, which is 
then titrated with A’/lO-iodine. l 2 =Sb (u. 
Arsenic). 

(b) The hot hydrochloric acid solution (about 
2.V in acid anti at about 80°C.) is titrated with 
A’/IO-potassium broniate, which has been 
standardised against pure antimony ; 

aSbClj+KBrOj+eHCI 
, =3SbCls+KBr+3H20 

The end-point is shown by the bleaching of a few 
drops of methyl orange or methyl red added to 
the hot solution, a second titration being run 
ivitli the indicator added only near the end 
(Z. anal. Chem. 1893, 32, 415 ; Chem. News, 
1907, 95, 49). 

(c) The solution (30 c.e.), containing tartaric 
acid (0-5 g.), concentrated sulphuric acid 
(5 c.r.), potassium bromide (0-2 g.), and 2 drops 
of a 0-5% solution of a-naphthaflavone, is 
titrated with N/lO-potassium bromate until the 
faintly green opaleseence changes to rust-brown ; 
the indicator colour-change is reversible (Z. anal. 
Chem. 1935, 102, 111). 

(</) The cold solution (200 c.e.), containing 10, 
20, or 30 c.e. of concentrated sulphuric acid and 
30, 15, or 10 c.c. respectively of concentrated 
hydrochloric acid, is titrated with N/lO-per- 
inanganate, the end-point being taken when the 
colour persists for a few seconds (Z. angew. 
Chem. 1901, 14, 1179 ; J. Amer. Chem. Soc. 
1907, 29, 66 ; J.C.S. 1933, 1). 

(e) Ceric sulphate oxidises quantita- 

tively to Sb' in approx. -6N-hydrochlorio acid 
solutions, with methyl red as indicator. 

(/) Potassium iodate oxidises Sb'“ in 5N- 
hydrochloric acid as follows : 

SbjOj-pKIOj-hZHCI 

= Sb 205 -HCId-KCl-hH 20 ; 
and a few c.e. of carbon tetrachloride are used 
to denote the end-point (see p. 658). 

Axtlmonic Solutions, (a) By reduction to 
the tervalent state, and estimation by one of the 
foregoing processes. Reduction may be accom- 
plished : (i) by boiling the hydrochloric acid 
solution with sodium sulphite or sulphurous 
acid, preferably with the addition of 1 g. of 
potassium bromide (Ber. 1901, 34, 1565) ; 
(u) by boiling the sulphuric acid solution (100 
c.c. containing 5, c.c. of concentrated acid and 
• 6- “‘Bochelle salt) with 1-0-1 -5 g. of potassium 
iodide till nearly all the iodine is expelled, 

I ^ the remainder with dilute 

sulphurous acid, diluting, rapidly cooling, and 
neutralising. The solution is then titrated in 

icarbonate solution with A^/lO-iodine (Amer. J. 

Cl. 1892, 42, 213) ; (iii) the hydrochloric acid 
solution is shaken with mercury for 1 hour in 
an atmo.sphere of carbon dioxide ; As^ and 

moo r’'® reduced (Ind. Eng. Chem. [Anal.], 
iJm, 5, 1). 

(!') lodimelricaJIy . — The cold solution con- 

aming 20-25 c.c. of hydrochloric acid in a 


volume of 100 c.c. is mixed with at least a 5-fold 
excess of potassium iodide and the liberated 
iodine titrated with N/lO-thiosulphate. l 2 =Sb 
(Z. anorg. Chem. 1908, 58, 202 ; cf. ibid. 1903, 
37, 337). 

With increa.sing use in chemotherapy of 
organic antimonials, convenient methods of 
estimating antimony^ in such substances become 
important. The substance (0'05-0-07 g.) is 
digested with 2 g. of potassium sulphate and 
3 c.c. of arsenic-free concentrated sulphuric acid 
in a loosely stoppered conical flask until the 
solution is colourless. After dilution with 25 c.c. 
of distilled water the solution is boiled for 3-5 
minutes, 2-4 c.c. of concentrated hydrochloric 
acid added, and the solution rapidly cooled 
and diluted to 100 c.c. Of this solution 25 c.c. 
are rendered faintly alkaline to litmus by a 
40% solution of sodium hydroxide, then 
acidified with 5 c.c. of 1% aqueous tartaric 
acid, and again rendered .alkaline with 10 c.e. 
of a 4% solution of sodium bicarbonate. After 
adding 25-30 drops of 1% starch solution the 
antimony is estimated by titration with 0-01 
N-iodine solution previously standardised 
against sodium antimony tartrate. By titration 
of the whole solution instead of an aliquot part, 
accurate results may be obtained with as little 
as 0-02 g. of substance (Indian J. Med. Res. 
1929, 16, 457). 

The employment of organic antimonials as 
drugs in tropical diseases has led to the develop- 
ment of methods for estimating antimony both 
in the drugs themselves and in the excreta from 
patients. In the former case 0-2 g. of substance 
is mixed with 3 g. of potassium permanganate 
and treated with 15 c.c. of 60% sulphuric acid, 
and then gradually with 15 c.c. of concentrated 
sulphuric acid. The mixture is diluted with 
15 c.c. of water, boiled for 5 minutes, and de- 
colorised with a saturated solution of oxalic acid. 
After dilution to 120 c.c., 1 g. of urea and 2-5 g. 
of potassium iodide are added and the liberated 
iodine determined by thiosulphate after 15 
minutes. Towards the end of the titration the 
liquid should be diluted considerably with water 
so as to destroy a yellow coloration not duo to 
iodine which otherwise persists past the end 
point (J.C.S. 1926, 3181). 

For separation of antimony from arsenic and 
tin, see p. 652. 

For rapid determination of antimony in lead- 
rich alloys, see Analyst, 1937, 62, 23. 

Arsenic. — Aksenious Solutions. — ( a) lodi- 
metrically . — The solution, containing sodium bi- 
carbonate in excess, is titrated with AVlO-iodine 
as described under the standardisation of iodine 
solution. The bicarbonate may be replaced by 
disodium hydrogen phosphate (J. Amer. Chem. 
Soc. 1908, 30, 31). 

(h) Oxidimetrically. — (i) By titration with 
potassium bromate or potassium iodate, exactlj’' 
as deseribed under Antimony. (ii) In iV/2- 
sulphuric acid, oxidation of arsenious acid 
solution (100 c.c.) is effected in the cold by 
A^lO-potassium permanganate or ceric sulphate 
in presence of 3 drops of Af/lOO-osmic acid 
as catalyst ; the titration is carried out slowly, 
and the indicator used is tri-o-phcnanthrolino- 
ferrous sulphate, which is decolorised at the end- 
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point Iodine chloride can also be used as 
catalyst, or methjlene-blne as indicator, pro- 
vided the concentrations of acid are suitably 
adjusted (Z. anal. Chem. 1933, 85, 305 ; J. 
Amer. Chem. Soc. 1930, 52, 901 ; 1928, 50, 
1372). 

Arseitic SoL^^o^s. — (a) fiy reduehon to the 
tcr^•aIent condition and estimation as above. 
Reduction may be effected (i) by heating the 
Hulphimc acid solution with sulphurous acid m 
a stoppered bottle for an hour, dilating and 
boiling to expel excess of sulphurous acid (Z 
anal Chem. 1S83, 22, 378 ; Chem. News. 1886. 
53, 221) : (ii) with hydriodic acid as described 
under Antimony, but Rochelle salt is not 
required , (in) by boding the arsenate aolntion 
(0 23 — 0 og in 20 c c ), with 5 c.c. of concentrated I 
acid, 2 c e of approximately A'/IO-iodine and I 
0 2 g. of red phosphorus untd all iodine is I 
expelled. Excess phosphorus is then filtered off I 
from the solution eontaming tervalent arsenic 
(Analyst, 1933,58, 409). 

(i) By Pncipilation — The neutral or acetic 
acid solution u precipitated with excess of silver 
nitrate , the precipitated sdver arsenate is col 
lected, washed, dissolved m nitric acid, and the 
silver titrated Ly A/10 thiocyanate : 3Ag=As. 

(e) Jodimtlrically . — The arsenate (0 5 g.) la 
shaken in a stoppered bottle with 30 c.e. of 
concentrated hjdcocliloncacid or 12 A sulphuric 
acid and potassium iodide (0 5 g ). After 15 
minutes the liberated iodine is titrated by 
A/IO*thiosu]phate (Z. anal. Chem 1927, ?0, 97). 

ARSEtac IK Absekicals.— A bout 6 g of 
anhydrous sodium carbonate and 6 g. of sodium 
peroxide are mixed and about one third of the 
total IS introduced into a nickel crucible. 0 2- 
0 25 g. of the finely powdered substance is 
added, mixed by a rotatory movement of the 
crucible and covered with the remainder of the 
fusion mixture. The crucible is heated cautiously 
at first and finally raised to a dull red beat for 
5 minutes. The cooled mass is extracted with 
water into a 500 c c. comcal flask, 25 c c. of 
sulphuric acid (1 : 1) are added, and the solution 
(230-300 c.c ) boiled down to 100 c.c. ; 1 g. of 
potassium iodide is added and boiling is con- 
tinued to expel the iodine liberated. The pale 
yellow colour is destroyed by adding a drop of 
sulphurous acid. The solution is diluted to 
100 c.c. with hot water, and arsenic precipitated 
as sulphide with hydrogen sulphide. The 
washed precipitate is dissolved off tbo filter 
paper into the original conical flask by 20 C c. 
of A72 sodium hydroxide and washed through 
with hot water. The combined filtrates (250- 
300 c.c.) are treated with 30 c.c. of hyd^eo 
peroxide (20 voh), heated for 10 minnies on the 
steam bath to remove excess of the reagent, and 
after addition of a drop of pbcnolpbthalein, 
acidified by adding 11 c.c. of eulpbunc acid 
(1 ; 1). llie solution is again concentrated to 
KM) c.c. and treatment with potassium iodide is 
repeated. The resulting concentrate, after 
being decolorised with a drop of sulphurous acid, 
is diluted rapidly with water to 100 c.c., 
neutralised with 2A'-sodium hydroxide, and 
acidified with a drop of 2A'>8mphuric sad; 
11% sodium phosphate, equal in volume to the 
A’/iO iodine required in the titration, is added. 


and the arsenite solution is titrated with 
A710 iodine (J.C.S. 1909, 95, 1477). The 
orBemcal compound can also be oxidised by 
ammonium persulphate (liid. 1925, 127, 17.11). 

Sep.sratiok ov Abse'jic, Ai.timosy A><PT15. 
— ( 1) Matenal containmg these three elements 
IS dissolved in nitric acid and the solution 
evaporated wath sulphuric acid until copTons 
fiimes of the latter are evolved and all sulphur 
has distilled from the flask. To the cooleil 
solution are added successively a few ce. of 
water eontaming KS g. of recrystalhsed hydra 
sine sulphate, 80 c.c. of hydrochloric acid 
(spgr. 1 19), and I g. of potassium hroroide. 
Carbon dioxide is passed through the flask 
and the solution is distilled through a fraction- 
ating column 15-30 cm. long filled with broken 
glass ; 80 e c. are collected in 40 minutes 
More hydrochloric acid (20-30 c e.) is added, 
and dirtiUation continued until a further 20 c c. 
have been collected ; the latter distillate is 
diluted and titrated with A/10 potassium 
bromate after addition of 1 g. of potassium 
bromide and 2 drops of methj I orange. If only 
a drop or two of bromate is required to discharge 
the colour, all the arsenic is in the first distillate, 
which IS then titrated with bromate. The 
fractionating column is washed by fiUiiig wjlli 
hydrochloric acid and the washings are used m 
the 8ul»equent djstiUation of nntimony from 
the residual liquid in the flask. For this pur 
pose 7-14 C.C. of phosphoric acid (sp gr 1'7) are 
added to prevent distillation of tin. The flvsk 
IS heated until the temperature of the hquid is 
155*-165®, carbon dioxide is passed through, 
and hydrochloric acid is dropped into the liquid 
at the rate of 1 drop per second ; the antimony 
should be removed in 40-50 minutes. The 
distillate IS titrated with bromate as usual. To 
distil the tin from the residual liquid, the tern 
perature is mamUined at 140*, and a mixture of 
I part of hydfobfomic acid (spgr. 1-40) ami 
3 parts of hydrochloric acid (spgr. 1'19) 
slowly run in beneath the surface. Distillation 
is continued until a few drops of the distillate 
cease to react with hydrogen sulphide. The 
temperature should be kept below 145® to pre- 
vent bismuth from passing over. The distillate 
IS diluted with an equal volume of water, and 
the tm reduced with Jerrum reduclum and 
titrated with iodine (BUtz, Z. anal. Clhem. 1930. 
81, 82 ; Scherrer, J. Res. Nat. Bur. Stand. 
1936, 16, 253). 

(li) Separation is based on the different 
behaviour towards silver nitrate of arsenates 
and antimonatca in ammoniacal fluoride solu- 
tions ; the former are quantitatively pre- 
cipitated os AgjAsO^, but the latter do not 
react. 

The substance (0 2 g ), in a platinum dish, is 
dissolved in 20 c.c. of water, 5 cc. of cone, 
nitnc acid, and 2-3 c.e. of hydrofluoric acid 
(48%). The resulting solution, after ddution 
to about 100 c.c. and neutralisation of most 
of the acid by ammonia, is covered with s 
quartz clock-glass, boiled gently, and 3 g. nf 
potassium jiersulphate are added in smalll»r- 
tions in order to oxidise Sb’^'completely' toSb . 
The solution is diluted to 100 c.c. with wafer, 
and methyl orange added, followed by strong 
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nniraonia drop by drop, until the liquid is golden. 
The solution is boiled, and the arsenic precipi- 
tated by addition of silver nitrate in sUght 
excess while stirring vigorously with a rod of 
Pyrex glass until the precipitate has coagulated 
and settled completely. The clear supernatant 
liquid is tested with litmus paper, and dilute 
ammonia is added dropwise, if necessary, until 
the liquid is distinctly alkaline. After cooling, 
the silver arsenate is transferred to a sintered- 
glass crucible and washed first with a solution 
of ammonium nitrate (5 g./l.) and silver nitrate 
(0'25 g./h), and then with a little alcohol. The 
precipitate is dissolved in nitric acid, and silver 
estimated by Volhard’s method. 

Excess of silver is removed from the filtrate 
with a minimum of dilute hydrochloric acid. 
The filtrate is poured into a quartz dish, treated 
with concentrated sulphuric acid (10-15 c.c.), 
and evaporated as far as possible on the water- 
bath ; it is then heated for a few minutes to 
strong fuming over a free flame. Sulphur (2 g.) 
is added, the dish covered, and the liquid boiled 
gently for 20 minutes : 

Sb205-f2S02=Sb203-f2S03 

After cooling, a mixture of concentrated 
hydrochloric acid (20 c.c.) and water (80 c.c.) 
is added, sulphur is filtered, off, the solution 
is diluted to 200 c.c., and antimony determined 
by titration with N/lO-potassium bromate, 
standardised on pure antimony. 

If arsenic, antimony, and tin are present to- 
gether, for example as sulphides, the precipitate, 
in a small platinum or quartz dish, is dissolved 
in boiling concentrated sulphuric acid containing 
sulphur (2 g.). The solution is diluted, treated 
with hydrofluoric acid, and filtered from the 
sulphur. Arsenic and antimony are then pre- 
cipitated by hydrogen sulphide, and separated 
as above ; tin remains in solution, and is 
precipitated by ammonia, after expulsion of 
hydrofluoric acid (McCay, J. Amer. Chem. Soc. 
1909, 31, 373 ; 1928, 50, 368). 

Barium. — ^The barium solution is treated 
with carbonate-free ammonia, diluted to 100 c.c. 
and treated at 60‘’-70°C. with a slight excess 
of potassium chromate solution. The precipi- 
tated barium chromate is filtered off, thoroughly 
washed, and dissolved in a measured volume of 
standard acidified ferrous sulphate solution, the 
excess of which is determined by standard potas- 
sium permanganate. Calculation is based on 
the scheme Ba -> BaCr04 H2Cr04=3 equi- 
valents Fe. Alternatively, the washed barium 
chromate is dissolved in N/2-hydrochloric acid, 

- g- of potassium iodide arte added, and after 
a few minutes the liberated iodine is titrated. 

^ Barium solutions may also be titrated directly 
into standardised sulphuric acid if a few drops of 
”■2% aqueous sodium rhodizonate are added as 
indicator. The red colour changes at the end- 
point to yellow in neutral solution or colourless 
in acid solution. The titration is reversible 
ina indicator is used externally (Analyst, 
1933, 58, 752). Addition of ammonium chloride 
the end-point (Z. anal. Chem. 1936, 
105, 346). Tctrahydroxyquinone has also been 
j^sed ns an indicator in this process (Ind. Eng. 
'-Oom. [Anal.], 1933, 5, 403 ; 1936, 8, 127). 


Beryllium. — ^To the carofuliy neutralised 
beryllium solution, xvhich does not contain 
metals yielding insoluble hydroxides, is added a 
known volume (excess) of Ai^/lO-hydrochloric 
acid, followed by potassium iodate and iodide 
in excess. The solution is swirled, sodium 
bicarbonate is added, and the liberated iodine 
is titrated by arsonious acid [Analyst, 1935, 60, 
291 ; cf. Aluminium (a) p. 650]. 

Bismuth. — (a) The metal is precipitated by 
shaking the bismuth solution during 20 minutes 
with aluminium powder (0-1 g.) and potassium 
hydroxide (7 g.) ; the solution is then boiled to 
dissolve the excess of aluminium. The bismuth 
is filtered off, washed xvith hot water, and added 
with its filter paper to 25 c.c. of 3N-hydroohloric 
acid containing 3 g. of hydrated ferric chloride. 
After all the bismuth has dissolved, the ferrous 
iron (SFeClj-f Bi=3FeCl2-(-BiCl3) is titrated 
by N/lO-dichromate. 

(6) Bismuth is precipitated by 

[Cr(NH3)a]{N03)3 

from bromide solution as [Cr(NH3)3][BiBr3], 
which is distilled with alkali, and the ammonia is 
determined acidimetrically in the distillate (Z. 
anal. Chem. 1933, 93, 433). 

(c) Bjsmuth is precipitated by oxine as 
Bi(C3H30N)3 and titrated [sec Aluminium (6)] 
in solution exceeding 3N- in acidity (Z. anal. 
Chem. 1927, 72, 177 ; 1936, 103, 261). 

(d) BiOCI, precipitated in slightly acid tar- 
taric acid solution, is collected, washed, dissolved 
in nitric acid, and the chloride determined by 
Volhard’s method (Chem.-Ztg. 1933, 57, 77,4), 

Boron. — (a) v. Acidimetry and Alkali- 
metry (p. 645). 

(6) Boric acid may be titrated in solution, 
carefully neutralised by iodate-iodide, by in- 
creasing the acid character of the boric acid by 
addition of mannitol. 

To the borate solution, slightly acidified by 
hydrochloric acid, are added 5 c.c. of 10% 
barium chloride solution to remove carbon 
dioxide, followed by 20 c.c. of potassium iodide 
(2-5 g.) in saturated potassium iodate solution. 
Free iodine is then exactly removed by thio- 
sulphate, and all boric acid is then liberated. 
A few drops of phenolphthalein are added, 
followed by rV/5-sodium hydroxide from a 
burette until the solution is distinctly alkaline. 
A little mannitol is introduced, which bleaches 
the colour, and more alkali and mannitol are 
added in turn until the colour change is per- 
manent : B203=2Na0H (Amer. J. Sci. 1899, 
7, 147). 

(c) IBoron which has been separated as methyl 
borate (see Gravimetric Analysis, p. 591) is 
determined by diluting the methyl ester and 
methyl alcohol with water, allowing it to stand 
for a few minutes to complete its hydrolysis, 
adding mannitol and titrating as above. 

Bromine. — A critical study (J. Appl. Chem. 
Russ. 1934, 7, 852) of the methods of deter- 
mining bromide in presence of chloride and 
iodide selects that of Szabo (Z. anal. Chem. 
1931, 84, 24) ns the best. Iodide is removed as 
iodine by adding sodium nitrite and sulphuric 
acid and boiling. The bromide (•<[0-02 g.) is 
then oxidised to bromate by^ treatment with 
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2 g. of potassium bicarbonate and chlorine 
water, containing at least 0 3 g. of chlorine, and 
e% aporation to dryness w ithout boiling, and the 
broinatc is determined lodimetncally. 

Edwards, Nanji, and Parkes (Analjrat, 1936, 
61, 743) desenbe methods applicable to the 
determmation of 10-100 mg. of bromide in 
presence of (i) 500 mg of chloride and/or 
(ii) 100 mg. of iodide (all as potassium salts). 
0) The bromide in about 50 c.c. is oxidised by 
2 c.c. of iV potassium permanganate in presence 
of 1 c.c. of syrupy phosphoric acid, and the 
liberated bromme is at once rapidly aspirated 
during half an hour through two absorption 
tubes in senes each containing 150 cc. of 1% 
potassium iodide solution, and the resulting 
iodine 13 titrated with 0 Oi.V thiosulphate 
(ii) If iodide IS present, it is oxidised to lodate 
by use of 9 c c. of the permanganate, and 
aspiration is started after lO minutes' standing 

Cadmium.— (i) To the solution, acidified with 
sulphuric acid and containing a few drops of 
biilphurous acid, 5 g of Rochelle salt and 3 g 
of potassium lodiile, is added an aqueous 2 5% 
solution of pheiiyltnmethjlamraonium iodide 
After standing for .st least 6 hour*, the cream- 
col6urcd precipitate is filtered off on to a sintered 
glass crucible (Jena G4), and washed with 5 
Buccessiio portions, each of about 5 ee.of a 
solution of I g of potassium iodide and I g. of 
the reagent in 200 c c. of water The precipitate 
IS dried by suction as completely as possible, 
and then dissolved in the crucible in 20 c.c. of 
approximately 2A’ ammonia solution ; the 
solution IS eucked through and nnsed completely 
into a filter flask Hydrochlonc acid is added in 
sufficient amount to be at least normal at the end 
of the titration, followed by 10% potassium cyan* 
ido (5 c.c.) and etarch solution. The solution is 
then titrated with .1//40 potassium lodate until 
the blue colour, which first deielops, finally dis* 
appears. The reactions may be summarised thus. 

[Ph{CHj),N]jCdl«*»4NH4l-* 4HI 
2[2HI-i-HIO,-t-3HCN=3ICN+3HtO] 
Zinc docs not interfere. The method can be 
appliid to the determination of cadmium in 
Bjicitcr and in zinc ores, interfering elements 
being removed by means of metallic iron 
(Analyst, 1933, 58, CC7). /S'^sphthaquinolme 
has b^n used similarly in the determination of 
c.idmium in presence of zinc (Ber. 1927, 60, 
1064); the 2 5% reagent solution (m A72- 
sulphuric acid) is added to the cadmium solution 
prepared as above, together with a few drops of 
sulphurous acid solution. After 20 minutes 
the precipitate (C,,H,N) 2 H]Cd is collected, 
washed with 10 c c. of A'/S potassium iodide. 
10 c.c. of the reagent solution, and 2 drops of 
dilute sulphurous acid diluted to 100 c.c., and is 
then decomposed and titrated as above. 

(u) Cadmium can be determined as described 
under Cobalt (d) (p. OjG), but in this case 
the precipitate Is Cd(CjH}N)2(CN5)2(Z. snaL 
Chem. 1934, 99, 2G). 

(iu) Saturated ammonium carbonate precipi- 
tates cadmium carbonate, but not zinc or copper 
carbonate ; the CdCOj can be washed, dis- 
solved m standard acid, and the excess add 
titrated (1931 A. 1191) 


Calcium . — By permanyanale . — The ovalitc, 
precipitated from a hot slightly ammoniacal sol’, 
ution {see Gravimetric Methods, p 5S8),iawa«licd 
with warm water till free from ammonium 
oxalate, decomposed w ith hot dilute sulphunc 
acid, and the oxalic and titrated with A’/IO 
permanganate. The precipitate may aho le 
dissolr^ m dilute hydrochloric acid, and Ihc 
solution titrateil with pcrmangan.vtc, 05 g 
of manganese sulphate being added if this atiJ 
13 used 

Free Lime in cement and sand bricks is com 
pletcly extracted ty warming at 60'’-SCl'’C. for 
several hours with glycerol. The solution after 
dilution with alcohol is titrated with benzoic 
acid (J S C.1. 1930, 49, 360T). Another incthoil, 
used for fertilisers, is described on p. 644). 

Carbon. — Carbov Dioxide v. Aciuimetby 
AND Alkalimetbv (p. 645), andGvs Axalisii 
(P 677). 

Cyasoce> Acids. Cvavates — The coM, 
dilute solution IS cx.actly neutralised with 
A/IO-hydrochloric acid (using methyl orange or 
Congo red as imlieator), excess of scid is addcil, 
the solution boiled for ten minutes, coolcil, and 
titrated back by A’/lOsmlium hydroxide. 
Excess of A'/IO sodium hydroxulc* is then 
added, the solution boiled to expel nmnionii, 
and titrated back with A'/IO hydrochloric and. 
From these data two values for the cyanate can 
be calculated, which serve to check one another 
(Chem News, IDOC, 93. 5 , c/ Z aiigew Cheni. 
1001. 24. 58.3 . J.Soc Chem Ind 1004,23,244). 

KCNO+2HCI+HjO = KCl+NH,CI-|-CO, 

Cyamdes — ( fl) By Frecijiilaim — (i) E»ccss 
of A'/IO silver nitrate is addetl to the neutral 
cyanide solution, and then a little nitric and 
The excess of silver u titrated with *V/10 
thiocyanate nfler filtering off the silver cvanidc. 
(ii) The neutral solution (0 2-0 3 g. HCN m 
250 ec) a treated with 5 cr catli of 10% 
potassium iodide and 10% sodium hydroxMc 
and titrated with N/10 silver nitrate with run 
slant Btimng till a permanent turbidity is pro- 
duced, as shown best by using a bluk back- 
ground. This marks the end of the rc.aitiuu : 

3KCN-hAgfiDf^HNOi-h^Ag(CN)t 

(5) See Ferrocyanidcs (c) (ji 055). 

(c) Delermtnation tn Fre$ciice of .Sxfrcr and 
Cklondee. — The excess of cyanide above that 
required to form KAg(CN){ is titrated by 
A'/IO iodine in presence of 5 g. of swlium chlorulo 
and a few drops of dilute ammonia until a faint 
permanent turbidity is produced ; the reaction 
IS KCN-)-lj=Kt-t-ICN. 

The solution is then dilutcil to about 1 hire 
with tap-water, etarch solution is addcil, and 
titration is continued vnth A'/IO iodine until the 
solution turns blue : 

KAg{CN)*-h2J,= KI + Agl + 2ICN 
(JCS. 1929. 2037). 

Ferbicvamdes — (a) The salt is rediiccil to 
ferroiyanido by boding with sodium hydroxi<lc ; 
the fillereil solution is strongly acidifiol with 
solphunc acid and titrated with -V/IO perman- 
ganate {i. Ferrocyanidcs (a)). Reduction may 
also be effected by boding with sodium peroxide 
(Arch. Pbarm. 1891, 232, 220). 
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(6) loditiielrically. — The ferricyanide in 25 c.c. 
of 2iY-siiIph\iric or “ hj-drochloric acid is mixed 
with 2-3 g. of potassium iodide and 2 g. of zinc 
sulphate, and the iodine liberated is titrated by 
iV/lO-thiosulphate in presence of starch (Z. anal. 
Chcni. 1921, 60, 454). 

Ferrocvanides. — ( a) By Oxidation . — ^The 
solution (150 c.c.) in approximately A'-snlphuric 
acid is titrated xvith A'/lO-permanganate or ceric 
sulphate in presence of 5 drops of 1% diphenyl- 
amine solution until the colour changes from 
vcllowish-grecn to a deep brown (Analyst, 1929, 
54.401). 

(b) lodimetrically. — Excess of A710-iodine is 
added to the neutral solution (150 c.c.) at 40°C., 
and the excess is determined hy thiosulphate in 
presence of starch, the colour of the solution 
finally becoming a clear 3’cllowish-greon. 

(c) By Coiirersion into Hydrocyanic Acid . — 
The fci rocyanide solution is boiled for 5 minutes 
with 10 c.c. of A’-sodium hj'droxidc and 15 c.c. 
of 3J/-mngncsium chloride, 100 c.c. of boiling 
jl//10-uicrcuric chloride are then added, and the 
boiling continued for 10 minutes. The mercuric 
cr anide jiroduced is distilled for 30 minutes with 
30 c.c. of 4A’-sulphuric acid, the hydrocyanic 
acid collected in 25 c.c. of A^-sodium hydroxide, 
a little potassium iodide added, and the ejmnide 
titrated with A’/lO-silver nitrate (Feld, Chem. 
Zentr. 1903, ii, 1398 ; Analyst 1908, 33, 261 ; 
1910, 35, 295). 

Thiocyanates. — {a) By Precipitation. — As in 
.standardising ammonium ..liocyanate solution ; 
the thioc^’anate must bo added to the silver 
nitrate, and not vice versa, since nitric acid 
decomposes thiocj’anates. 

(b) By O.ridation. — (i) The thiocj’anatc is 
titrated in concentrated hydrochloric acid solu- 
tion with potassium iodate, in a stoppered bottle, 
with vigorous shaking. The end-point is reached 
alien 5 c.c. of chloroform previousl}’ introduced 
are no longer coloured by iodine (J. Amer. Chem. 
Soe. 1908, 30, 760). The concentration of the 
acid should be 4-5A'. The method is usually 
ap])licd to cujirous thiocj'anate ; , 

4CuCNS-f7K103-(-14HCI 

= 4CuS04-t-7KCI-(-71Cl-f4HCN-l-5H20; 

but this is not tj'pical, as the cuprous ion is also 
oxidised, (ii) The thiocj-anate solution is treated 
with 1 c.c. of sj'rupj' phosphoric acid and 
suflicient bromine to give a x’clloxv colour. 
After 2 minutes 2 c.c. of saturated aqueous 
phenol solution are added and, after the mixture 
has stood for 15 minutes in the dark, potassium 
iodide is added and the liberated iodine titrated 
by thio.svdphate : 

KCNS-p4Br„-(-4H20 

= KHS04-f-7HBr-f BrCN 
BrCN+2Kt---KBr-(-KCN-b Ij 

Cvanide does not interfere (Z. anal. Chem. 1923, 
62. 337). 

Cerium.— («) lodimetrically. — Ceric oxide is 
"armed with concentrated hydrochloric acid 
and potassium iodiile in a stoppererl bottle until 
complete solution is effected. The liberated 
iodine is then titrated xvith A’/lO-thiosulphate. 
In order to oxidise cerous salts prior to use in 
this method, 2(10 c.c. of solution, containing 


about 0-2 g. of cerium, arc treated first with 
5 c.c. of concentrated sulphuric acid, then with 
3 g. of ammonium persulphate, followed by a 
few drops of Y/lO-silver nitrate ; it is then 
boiled for 10 minutes, cooled, and titrated after 
addition of jiotassium iodide (Annalen, 1858, 
105, 49 ; J. Amer. Chem. Soc. 1928, 50, 1379). 

(5) By Ferrous Sulphate. — The cerium is 
oxidised bj' sodium bismuthate (J. Amer. Chem. 
Soc. 1909, 31, 523) in boiling sulphuric acid 
solution to ceric sulphate, and the filtered solu- 
tion is reduced bj' adding standardised ferrous 
sulphate until the deep orange colour has nearly 
faded. Ten drops of 0-1% aqueous xylene 
cj'anol EE are then added, and titration is 
continued until the orange colour changes 
sharply to green. 

(c) By Permanganate. — Ceric salts are reduced 
by addition of an cxce.ss of standardised 
hydrogen peroxide ; when the j’cllow colour has 
disappeared, the excess is titrated by A’/20 
permanganate (not stronger) (Z. anal. Chem. 
1897, 36, 685 ; 1903, 42, 448). 

Chlorine. — v. Halogens. 

Chromium. — The chromium should be in the 
form of chromate. 

(a) lodimetrically. — (i) To the chromate in 
approximately A’/2-hj’drochloric acid are added 
2 g. of potassium iodide. After standing for a 
few minutes, the solution is diluted and the 
liberated iodine titrated by xV/lO-thiosulphate 
in presence of starch : 3l,=2Cr. Eor accurate 
results, it is best to displace air and maintain 
an atmosphere of carbon dioxide by addition of 
a few small portions of sodium bicarbonate to the 
acid solution. 

(ii) Snethlage (Rcc. trav. chim. 1934, 53, 
567) finds sulphuric preferable to hj-droehloric 
acid : the equivalent of 200 mg. of K^CCjOj 
in 50 C.C. of water is treated with 4 c.c. of 9A^- 
sulphuric acid in a large long-necked flask, and 
50 c.c. of 0'4iV-potassium iodide are slowly 
(about 20 seconds) poured down the neck into 
the swirling liquid. The liberated iodine can 
be titrated forthwith. 

(5) By Beduction (i) with ferrous ammonium 
sulphate, of which a slight excess is added to the 
chromate solution containing sulphuric or hj-dro- 
chloric acid, the excess of ferrous salt being 
then titrated with A710-dichromate ; (ii) with 
titanous chloride (r. Preparation of Standard 
Solutions (p. 649) ; also J.S.C.1. 1908, 27, 673). 

Chromium in Chrome Steel, Stainless Steels, and 
Ferrochrome. — (i) The sample (0-2 g.) is dissolved 
in a minimum of nitric acid (sp.gr. 1-2) ; if it 
is insoluble, procedure (ii) is used. The solution 
is diluted to 50 c.c., 1 g. of silver nitrate and 
10 g. of ammonium pei-sulphatc are added, and 
the solution is boiled for 5 minutes. .Ammonium 
chloride (0-25 g.) is added and the solution, con- 
taining precipitated silver chloride, is Ixillcd to 
decompose any permanganic acid. .After cool- 
ing and dilution to a definite volume, an aliquot 
portion is titrated as in (5) (i) above (d.C.S. 
1907, 91, 1846). 

(ii) To a 0-5-g. sample of the finch" divided 
steel in a conical flask (500 c.c.) are added 10 c.c. 
of a mixture of 1 vol. of 72% perchloric acid and 
2 x"ols. of 85');, ])hosj)horic acid. The mixture 
is heated at 17.5'-] 8.5' ('. for 3-5 minutes ; the 
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steel dissolves completely and all chromium fa in 
the tervalent conation. 15 c c. of a mutuie 
of 1 vol. of 72% perchloric acid and 2 toIs. of 
80% sulphuric acid are added and the tempera 
ture fa raised to 205'C. ; osidation to is 
complete after 10 minutes. Potassium per- 
manganate (10-20 mg ) IS added, and the solu- 
tion IS rapi^y cooled in ice cold water. It is 
then. boded for 5 minutes after dilution to 
60-70 c.c. M ith « ater and addition of 0 5 c c. of 
concentrated hydrochlonc acid. It is finally 
cooled by dduting to 250 c.c. with ice cold water 
and titrated as in (t) (i) abore (J.SCI 
1935, 54, 185 ; Ind. Eng. Chem. [AnaL], 
1930, 2. 126 ; see also Analyst, 1934, 59, 609) 

See also 5Ianganese and \’Bnadium. 

Chromium tn Chrome Tanned Leather. — The 
leather is destroyed and the chromium is 
oxidised by perchlone acid in presence of osmic 
acid as catalyst ; chromate is then titrated (J. 
Amer Leather Chem Assoc. 1935, 30, 442). 

Chromium in CAromife. — The valuation of this, 
the only important ore of chromium, is usually 
effected by a volumetnc method The finely 
powdered ore is fused with potassium pyrosul- 
phate in a sihca crucible. The melt ts leached 
inth dilute aulphune acid, metals precipitated 
by hydrogen sulphide are removed, and after 
oxidation with nitnc acid, chromiom and other 
hydroxides are precipitated by aramoma The 
precipitate ts filtered o^, n ashed, dissohed in 
dilute perchloric acid, evaporated until oxidation 
to chromate is effected, and then titrated as 
above. 

Cobalt. — (a) The cobalt solution in a 500 c c. 
conical flask, containing 1-2 g of sodium 
nerborate, is neutralised with 6A*-sodium 
nydroxide and a further 10 cc. are added, 
Co(OH)} IS precipitated with effervescence. 
The mixture is boiled for 10 minutes to decom 
pose excess perborate and, whilst the solution 
18 Still boiling, the flask is dosed by a rubber 
stopper carrying a tap funnel with its tap open 
As soon as beating is stopped, the lap is closed 
and a measured volume of standard ferrous sul- 
phate in excess u placed in the funnel. The lap 
IS opened and the solution is drawn into the 
llask, bvit. aw » avowed In wrter. Tba 
funnel is rinsed with water, similarly added, the 
flask is shaken, and 25 c.c. of GA'-sulpbunc acid 
are run in, the precipitate rapidly dissolving 
After the flask has cooled to room temperature, 
the stopper is removed, 3-4 c.c. of syrupy 
phosphonc acid are added, and the excess 
ferrous iron is titrated with A'/IO dichromate 
with barium (hpbenjhwinesulpboaatff as aide- 
cator : Co=Fe(Sarver, Ind. Eng, Chem. [Anal.], 
1933, 5,275 ; seealsoj. Amer. Chem. Soc. 1922, 
44, 2237 ; Ind. Eng. Chem 1916, 8, 901 ; 
Natuurwetensch. Tijds. 1929, 11, 123). 

(t) By Douli/e Cyanide I'onna/ton. — See 
Kickcl (a) (p Gh3), but the cobalt complex 
requires 6KCN per atom of cobalt. 

(c) By Precipitation with ferrocyanide, as 
describe under Nickel (5). 

(d) In presence of pyndme, a tneasured excess 
of standard thiocyanate precipitates 

Co{CiHjN)4(CNS),. 

w hich IS filtered off, the excess tbiocy anate being 


determined by silver nitrate (Ind. Eng Chem 
[AnaL], 1934, 6, 459 ; see also SpacuandKnral 
Bulk Soc. §tiinte Cluj, 1934, 7, 377) 

Cohalt in Ores — 6ee J. Iron and Steel Inst 
1918, 97. 441 ; Analyst, 1919, 44. 276. 

Copper.— (a) I<xiimetrical/y.~TotbesoIution 
(25 c c ) of cupnc salt, preferably neutral or 
contamuig acetic acid, are added 2-3 g. of 
potassium iodide, and the liberated iodine u 
titrated by A’/lO-thiosulphate, starch being 
added towards the end of the reaction : 

2CuS04-f-4KI=2KjS04-^2Cuf-Hj 
The end'pomt is improved by addition of 1 
drop of A’/IO silver nitrate or a few c c of 
A'/lO'potassmm thiocyanate added near the 
end point (J. Amer. Chem. Soc 1935, 57, 845 ; 
Chem. Weekblad, 1935, 32, 509). 

(6) By Titration uilh Potassium Cyanide 
(SUinheei's Process) — The ammomaral copper 
solution IS titrated w ith potassium cyanide until 
colourless (c Brearlcy, Chem News, 1897, 76, 
189; it should contain 2 5% of ammonium 
chloride to avoid low results (Cliem.-Zfg 1934, 
58. 712) 

(c) By Precipitation as Thiocyanate — The pre 
cipitatcd CuCNS (see p. 3SD) is filtered off on 
asbestos, the mat transferred to a bottle and 
titrated Thiocvavatis (p C55) 

(d) By Bediiclion to Cuprous To the 

sulphuric or hy droehlone acid solution. 10-20 c c. 
of 10% potassium thiocyanate and a little 
ferrous salt ore oilJcd , a deep red coloration is 
produced, since ferrous salts in acid solution are 
partly oxidised by cupric salts The cold solu- 
tion IS titrated w-jth titanous chloride until 
the red coloration is destroyed (JCS 1906. 
89. 1491} Alternatively’, a slight excess of 
titaroui chloride may m added, and titrated 
back with standard feme alum. 

Fluorine. — (o) By i'recipifofion as Lead 
Chtorofiuonde. — ^To the neutral solution (250 
c c.), containing 0 01-0 1 g. of fluoride ion, art? 
add^ 10% sodium chloride (3 c.c ) .md nitric 
acid until the solution is just acid tobromophcnol 
blue, followed by sodium hydroxide until il is 
just alkaline. Concentrated hydrochloric acid 
[I c c.) and lead nAnrte [5 g V nre added, \bt 
solution is heated, and as soon as the solid has 
dissolved, sodium acetate (5 g ) is stirred in. 
Heating is continued on a steam bath for 30 
minutes and the solution is allowed to stand 
overnight. The supernatant liquid i< decanted 
through a filter (Whatman No 42) and the 
PbCIF is washed once with cold water, then 
four times with a cold saturated solution of lead 
chlorofluonde, and finally with cold water. The 
filter paper and precipitate are placed in the 
beaker in which precipitation was earned out, 
100 cc. of nitric acid (5%) are added, and the 
mixture is healed on a steam-bath with stirring 
for 5 minutes to disintegrate the paper and to 
dissolve the precipitate. Sdver nitrate solution 
(A’/lO) 13 added in slight excess and heating » 
continued for 30 minutes. The solution is then 
cooled, silver chloride is filtered off, and the 
excess silver is titrated by A'/IO thiocj anate , 
I C.C. of A’/lO 'liver njtrate=0 0019 g. 
Aluminium and iron must be ab'cnt, but pho* 
phates, carLonatea, sulphates, and chromates are 
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without effect (Bur. Stand. J. Kes. 1929, 3, 
681 ; Z. anal. Chem. 1933, 95, 226 ; 1934, 99, 
21 • Z. aiiorg. Chem. 1911, 70, 173 ; J. Amer. 
Che'm. Soc. 1915, 37, 2509 ; Ind. Eng. Chem. 
1924, 16, 938 ; 1926, 18, 573). 

(6) lodimelrically. — Ferric fluoride, unlike 
ferric chloride, does not liberate iodine from 
potassium iodide. 

The fluoride solution (100 c.c.) in a stoppered 
hottle is made just acid to methyl red by hydro- 
chloric acid, and there are added 20 c.c. of 20% 
sodium chloride solution and a measured excess 
of O'OSJlf-ferric chloride solution, followed by 
2 c.c. of N-hydrochloric acid and 10 c.c. of 5% 
potassium iodide solution. The bottle is im- 
mersed in water at 38°C. for 30 minutes, then 
cooled rapidly and the iodine titrated by N/30- 
thiosulphate. A blank is carried out on the 
ferric chloride under identical conditions and 
fluoride is obtained by difference : Fe=3F 
(Ind. Eng. Chem. 1931, 23, 996 ; Ber. 1913, 
46, 2611). 

(c) A volumetric process, almost specific for 
fluorides, depends on the use of standard 
thorium nitrate, with zirconium alizarin- 
Bulphonate as indicator. The latter reagent is 
made by mixing 3 parts of a solution of 1 g. of 
Zr(N0a)4,6H20 in 260 c.c. of water wdth 2 parts 
of a solution prepared from 1 g. uf sodium 
alizarinsulphonate treated with 100 c.c. of ethyl 
alcohol, filtered, and 150 c.c. o^ethvl alcohol 
added ; the resulting solution is c^TojRd violet- 
red. To a soluble fluoride soluj^iM (about 20 
c.c.) are added 3 drops of indic^dr Wd just 
sufficient dilute hydrochloric acid to de^roy the 
colour. After introduction (Sr an equal volume 
of ethyl alcohol, the solution is titrated with 
standard thorium nitra|4 (NjlO or N/lOO, 
standardised by pure sodium fluoride as in the 
method) until the colour reappears. 

When interfering elements are present, the 
fluoride is first distilled with perchloric acid and 
glass, sufficient water being added to make the 
solution boil at 1I0°C., and distillation is con- 
tinued until the temperature reaches 135°C. 
More refractory fluorides are first broken up by 
alkali fusion (Ind. Eng. Chem. [Anal.], 1933, 5, 
7, 17 i Z. anorg. Chem. 1926, 152, 213). 

(d) A rapid method (J. Appl. Chem. Russ. 
1933, 6, 939) consists in adding to the fluoride 
solution an excess of silica, followed by con- 
centrated hydrochloric acid in slight excess as 
denoted by methyl orange ; after being made 
neutral by O-SA-potassium hydro.xide, the 
solution is treated with 10 c.c. of 4N-calcium 
chloride and titrated (to phenolphthalein) with 
alkali; OH'=F'. 

Gallium. — By Ozine, — See Z. anorg. Chem. 
1932, 209, 129. 

Gold. — (o) lodimelrically. — The auric solu- 
tion, containing about 0'016 g. of gold in 25 c.c. 
of solution, is treated with potassium iodide in 
more than sufficient quantity to dissolve the 
amous iodide first precipitated, and the iodine 
liberated is estimated with N/lOO-thiosulphate 
(Amer. J. Sci. 1899, 8, 261 ; Z. anorg. Chem. 
1899,19,63). 

Permanganate. — The auric chloride 
solution (free from nitrate and nearly neu- 
tralised to ammonia) is treated with NjlO- 
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potassium oxalate or N/lO-ferrous sulphate (in 
feebly acid solution) and kept on the steam-bath 
until all the gold is precipitated ; the excess of 
precipitant is then titrated by N/lO-perman- 
ganate. 

Halogens. — The term is restricted iii this 
connection to chlorine, bromine, and iodine, 
fluorine being treated separately, since its 
analytical reactions are quite different. 

Estimation or Hat.oof.ns. — Iodine is esti- 



mated by solution in potassium iodide and titra- 
tion with N/lO-thiosulphate (v. Pbepahation op 
Standard Solutions (p. 648)). Bromine and 
chlorine are absorbed in potassium iodide 
solution setting free an equivalent quantity of 
iodine, which is titrated with thiosulphate. 

A large number of substances, e.g. peroxides, 
chlorates, chromates, etc., may be readily 
determined indirectly by distillation with con- 
centrated hydrochloric acid, the available 
oxygen of the com- 
pound setting free 
its equivalent of 
chlorine, ivhich is 
absorbed in potas- 
sium iodide, and 
the liberated iodine 
titrated with NjlO- 
thiosulphate. It is 
necessary to ex- 
clude air in the 
process of distilla- 
tion, since it liberates 
iodine from hydro- 
gen iodide set free 
in the receiver, by 
the hydrogen chlor- 
ide distilling over 
during the experi- 
ment. The apparatus 
originally designed 
by Bunsen for this 
purpose is now rarely 
used. The absorp- 
tion vessel is re- 
tained in Hempel’s modification of it (Fig. 3), 
but it is often preferable to use two sets of 
absorption bulbs in series (Fig. 4), and Bunsen’s 
small flask, connected to a delivery tube by a 
wide piece of rubber tubing, is now always 
replaced by a flask with a ground-in delivery 
tube, sometimes with a cup for a water seal. 
The flasks are designed for controlled addition 
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of acid (Fig. 4), and a particularlv useful farm, 
shown in Fig. 5 (Analjst, 190S. 33, 117). admits 
of the passage of a current of steam, carbon 
dioTide, or other gas during the distillation. 

EsTIMAnO> OF 1 IAT,OOE^S IN HaUDE SlITS. 
— B<j Precipi/afion — (i) Mohr's Mtlhod — The 
neutral solution is titrated uith A'/lOsiIser 
nitrate m the presence of a few drops of potas 
Bium chromate as indicator (c. Peeparation of 
Standard SaI.t.•TIO^s (p. G49). It is advisable to 
perform a blank e'cpenment under identical eon 
ditions, to allow for the silver nitrate neceasaiy 
to bring out the reddish coloration. The end 
point 18 poor for iodide solutions. 

(u) Adsorplion Indicators (v. Peepailatios of 
Standard SoLFTiONs (p 650)) — Chloride, bro- 
mide, and iodide may be titrated by standard 



Eilver solutions with fluorescein or diehloro 
fluorescein as indicator. With a suitable eboiee 
of indicator, one halide may be titrated scJec 
tiAcly in presence of another, e ff. iodide may be 
titrated in presence of chloride with Rose Bengal 
as indicator (see p. G59). Chloride and bromide 
may be titratwl with standard mercurous 
nitrate with bromophenol-blue ns adsorption 
indicator (Z. anorg. Chem. 19J9, 184, 237 , 
J. Amcr. Chem. Soc. 1934, 56, 1881). Other 
halide or thiocyanate titrations inAohe, for 
example, the use of tnrtrazine and phenosafra- 
nine (Analjst, 19.50, 55, C13), Vutoria-Aiolet 
(Chem. Weckblad, 1929, 26, 6). and diphenjl- 
carbazide or diphenyicarbaznnc (Z. angew. 
Cliem. 1929. 42. 284, 429 . Sfikrochero. 1932, 
12 315; 1934, 15,95 ; Analjst. 1933, 58, 331 ; 
Z. anal. Chem. 1933, 93. 345 ; 1935. 101, 31). 

(m) iw^arcTA JfethoJ. — ^The nitric acid solu- 
tion of the halide is precipitated by adding a 
slight exivss of A’/lOsiher nitrate, the excess 
being then titrated with jV/10 ammonium 
thioejanatf. Siher chloride must be filtered 
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off, or coagulated by boiling or shaking with a 
few c.c. of ether or nitrol^nzene, before the 
titration 13 performed ; but siUer bromide and 
iodide do not undergo a conesponding com- 
plicating reaction with thiocyanate. It is 
advisable to titrate iodide in a stoppered bottle 
with vigorous shaking when adding both the 
silver solution and the thiocyanate, to minimise 
error due to occlusion. It is more accurate to 
weigh out a very slight excess of pure silver, dis- 
solve it m nitnc acid (carefully expelling nitrous 
acid, which interferes with the indicator), and 
add to the halide solution than to measure out 
A’/IO silver nitrate. After vigorous rhaking, 
the excess of silver is then titrated with a dilute 
thiocyanate solution (1 c.c.e=I mg Ag). 

Iodides. — lodmelrteallt/ — (i) A slight excess 
of potassium iodate is added, and the solution 
acidtfled with dilute sulphuric acid. The 
liberated iodine is extracted with cbloroform, 
carbon disulphide or toluene, the extract is 
separated, and titrated with N/10 thiosulphate. 
A weaker acid than sulphuric may be employ ed, 
< g acetic or tartaric acid. Five-sixths of the 
iodine found was ongmally present as iodide. 
This method is available in the presence of 
bromide and chloride, if acetic acid be em- 
ployed. 

(ii) Andrtics’ ,Ve/hod.— To the iodide solu- 
tion, occupying about 100 cc in a stoppered 
bottle, arc added an eoual volume of concen- 
trated hydrochloric acia and 5 c.c of carbon 
tetrachloride or chloroform Standard potas- 
sium iodate {iIjiO or A//20) is run in with 
swirling -until the solution, which is at first 
strongly coloured with iodine, becomes pale 
brown. Additions of iodate are continued until 
the violet colour of the solvent lay er is onlv faint, 
and then drop by drop, shaking after each drop, 
until the solvent layer loses the last trace of 
violet. The reaction may be summarised thus : 

2Hl-l-HIO,+ 3HCI«31Cl+3HjO 
Oeric sulphate or chloramine T may be uwd 
instead of potassium iodate. Lang'a estunation, 
based on the analogous reaction > 

2HI-l-HIOs+3HCN=31CN-)-3HjO. 

13 camecl out as follows : To the iodide solution, 
contained in a long-necked flask, is addrd 
sufficient hydrochloric acid to make the acidity 
approximately normal at the end of the titration. 
6 c c. of 10% potassium cyanide and starch 
solution are introduced, and the solution is 
titrated by standard potassium iodate until the 
blue colour disappears (J. Amor. Chem. Soc. 
1903, 25. 730 ; Z. anorg. Chem. 1922, 122, 
332 ; J. Amer. Chem. Soc. 1930, 52, 899 ; 
Analyst, 1934, 59, 736). 

Estimations of Haiooens in Oxahalooev 
Cojn-ousos —(a) By ifrduefion to a halide silt 
and determination of the latter. lodalts are 
reduced by adding sulphurous acid to the sul- 
phuric acid solution of the iodate until the 
aepirated lOilinc is redisJohed ; an excess of 
AVIOwlAer nitrate is added to precipitate the 
iodide, the mixture boiled with excess of nitric 
atid, and finally the excess of silver titrated, 
with A'/IO thiocy anate. Bromates and ehlorates 
are redutxd by adding an exrt-sa of iron filings 
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to the sulphuric acid solution ; after an hour, 
excess of A^/lO-silver nitrate is added, the 
mixture boiled with nitric acid to oxidise the 
ferrous salt, and the excess of silver titrated 
(Amer. Chem. J. 1904, 32, 242). Chlorates in 
25% sulphuric acid solution are reduced to 
chloride by 10 minutes’ shaking with zinc 
amalgam ; bromates and iodates arc reduced in 
3 minutes in 3-5A,-acid solution. Jannasch 
(Ber. 1905, 38, 1576) uses hydroxylamine sul- 
phate and excess nitric acid for chlorates, or 
hydroxylamine in ammoniacal solution for 
bromates and iodates. Formaldehyde in dilute 
nitric acid reduces chlorates in J hour, bromates' 
in 2^ hours, but not iodates. 

(6) By Reduction to a halide salt and estima- 
tion of the reducing agent used up in the process. 
With chlorates and bromates, the sulphuric acid 
solution is boiled for 10 minutes with excess of 
standard ferrous sulphate in an atmosphere of 
carbon dioxide, the solution cooled, and the 
unchanged ferrous salt titrated with A/10- 
KjCPgOj: 6Fe=CIOj or BrOj. Bromates 
may also be reduced with arsenious oxide 
(Amer. J. Sci. 1902, ii, 285). Chlorates arc 
reduced by the same reagent in presence of 
osmic acid as catalj’-st (Z. anal. Chem. 1933, 95, 
385), and also by adding an excess of N/10- 
titanous sulphate, and after 3 minutes titrating 
back with ferric alum (J.S.C.I. 1908, 27, 434). 

(c) lodimetrically. Chlorates. — (i) By distil- 
lation with concentrated hydrochloric acid ; 
CI03=31j {Bunsen’s Method ; v. Estimation 
OF Halocjf.ns, (p. 657) ; J.C.S. 1892, 61, 87). 
(ii) To the chlorate solution in a stoppered 
bottle arc added twice its volume of concen- 
trated hydrochloric acid and 1 g. of potassium 
bromide. After 5 minutes, potassium iodide 
(1 g.) is added and the liberated iodine is 
titrated, after dilution, by standard thiosul- 
phate : CI 03 = 3 i 2 (Chem.-Ztg. 1901, 25, 727). 

Hypochlorites. — (i) A -slight excess of A/10- 
sodium arsenitc is added and the excess titrated 
■ft'ith A/lO-iodine, or the hypochlorite is directly 
titrated with the arsenite till a drop of the solu- 
tion ceases to colour starch-potassium iodide 
paper blue : As = C10' (Penoi's Method ; cj. 
Chem.-Ztg. 1904, 28, 59). (ii) An excess of 
potassium iodide solution is added, foUowed by 
acidification u'ith acetic acid. The liberated 
iodine is titrated by standard thiosulphate. 

Perchlorates. — The concentrated solution is 
boiled with a large excess of titanous sulphate, 
the excess oxidised with permanganate, and the 
chloride produced is titrated as usual (Z. anorg. 
Chem. 1909, 62, 108 ; Chem.-Ztg. 1909, 33, 
759). 

Bromates. — The substance is treated as in 
(c) (ii) above in presence of a few drops of 
ammonium molybdate solution. Reaction is 
very rapid (Z. anal. Chem. 1921, 61, 348). 

Iodates. — These are simpljf added to a slight 
excess of potassium iodide solution, acidified 
with sulphuric or hydrocldoric acid, and the 
liberated iodine titrated : 103=312. 

Periodates. — ^Determination is based on the 
reaction : 

H104-f7HI=4l2+4H20 
The acidified mixture of periodate and potassium 
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iodide is warmed at 60°C. in a stoppered 
bottle for 15 minutes, cooled, and the iodine 
titrated (J.C.S. 1934, 1087). 

Esttmations involyino Mixtures of the 
Foregoing Halides Salts. 

Chloride, Hypochlorite, and Chlorate. — The 
[ solution is titrated with A710-sodium arsenite 
I by Penot’s method for the hypochlorite ; the 
chlorate is then estimated in the solution, after 
acidifying with sulphuric acid, by reduction 
with standard ferrous sulphate ; the total 
chloride then present is titrated by Volhard’a 
method. 

Chloride, Chlorate, and Perchlorate. — Chloride 
is titrated in one portion of the solution by 
Volhard's method, and in another portion after 
reducing the chlorate with ferrous sulphate. 
For perchlorate the dry substance is mixed with 
five times its weight of pure quartz sand in a 
platinum crucible and covered with a layer of 
the sand 2 cm. deep ; the bottom of the crucible 
is heated to redness for half an hour, the mixture 
is cooled, extracted with water, and the total 
chloride estimated (Compt, rend, 1896, 122, 
452). 

Chloride and Iodide. — The total halogen is 
titrated by a suitable method in one portion of 
solution, and the iodide in another portion is 
determined either by (a) procedures described for 
Iodide (ii) (p. 658) or (6) titration of the iodide 
selectively in the mixture ; 25 c.c. of the 

neutral solution of chloride and iodide, contain- 
ing 3 drops of 0-5% aqueous Rose Bengal, 
are titrated by A/lO-silver nitrate until the 
colour change carmine to violet-blue takes place 
(Z. anorg. Chem. 1924, 137, 233 ; Analyst, 1936, 
61, 315). 

Bromide and Iodide may be determined ns 
under Chloride and Iodide (a) above. 

Bromide and Chloride. — "1116 methods are 
analogous to those described below for Chloride, 
Bromide, and Iodide, (i) The solution is placed 
in a flask fitted with a ground-in stopper, drop- 
ping funnel, and delivery tube. One-third of its 
volume of concentrated sulphuric acid is added, 
with cooling, followed by 5 g. of chromic acid. 
The delivery tube is jointed to a vessel contain- 
ing a measured volume of standard sodium 
arsenite solution, a few grams of sodium bicar- 
bonate, and water to a total volume of about 
200 c.c. Air is aspirated through the solution 
for 1 hour, and the excess arsenite is then 
titrated by standard iodine. 

If only small amounts of bromide relative to 
chloride are present, the bromine evolved, 
together with some chlorine, is absorbed in 
40 c.c. of 0'3% sodium hydroxide. Saturated 
sulphurous acid (1-2 drops) is then added and 
the solution is neutralised with lOjV-sulphuric 
acid and placed in a clean reaction flask. 
Liberation of bromine and absorption in arsenitc 
are then carried out as above. Total chloride 
and bromide are determined in another portion 
of solution (Analy.st, 1931, 56, 590 ; Z, anorg. 
Chem. lS9i>, 10, 387 ; Z. anal. Chem. 1021, 60 
405 ; Gazzetta, 1883, 13, 174 ; Ind. Eng. 
Chem. 1919, 11, 954). 

Chloride, Bromide and Iodide. — The iodide is 
first selectively oxidised by arsenic acid to iodine. 
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which is removed in a current of air and esti- 
mated. Bromine is then similarly estimated 
.'tfter liberation by chromic acid, and chloride is 
determined as silver chloride, precipitated from 
the residual solutions. 

The halide solntion, diluted to 100 c.c., is 
contained in a dask fitted with a dropping 
funnel and delivery tube connected to an a^oip- 
tion tube containing 10% potassium iodide, and 
a guard-tube, filled with glass beads moistened 
with the same solution. Potassium arsenate 
(3 g.) and 18A’-sulphunc acid (25 c.c.) are added 
through the funnel. The solution is warned, 
the Lberated iodine is aspirated into the iodide 
solution, and titrated by standard thioanlphate. 
The volume of liqiud m the flash is maintained 
dunng the expenment by addition of water, and 
must not be allowed to fall below half its initial 
bulk, otherwise bromine is then Lberated. 

A solution containing 10 g. of potassium 
(Iichromate is added to the residual solution, 
which is then diluted with water to 200 c.c. 
Bromine is then distilled, collected end titrated 
os described in the prece^g section (Z. anorg. 
Chem. 1892, 1, 419). Many of the methods 
described in the gravimetric section for deter- 
mining chloride, bromide and iodide in ad- 
mixture are readily adapted to volumetric 
treatment. 

Indium.— lodiom, as acetate, is titrated bv 
potaasinm ferrocyanide, coataining a small 
amount of potassium ferricyanide, with di- 
pbeoylbeozldioe as internal indicator. later- 
xenng elements are first separated by hydrogen 
B^plude. from 1^-acid solutron, followed by 
precipitation of indium as hydroade ; iron, u 
present, is rendered inactive by addition of 
BO^um flnonde ; chlondee must be absent. 
The method can be used for the determination 
of indium in dental alloys (Ind. Eng. Chem. 
[Anal.]. 1936, 8, 51). 

Iron. — Fsafioua SiLT8.—By Oxitiofion.— 
(i) The cold solution is strongly acidified with 
dilute sulphuric acid and titrated with 0 lA'- 
permanganate. This simple and accurate method 
requires modification when hydrochloric acid » 
present, since this reacts with permaaganate, 
especiahy in presence of iron salts. side 
reaction can M largely prevented by addition of 
manganese sulphate and phosphonc acid to the 
solution and titrating very slowly. The reqaired 
solution, of which 25 c.c. suffice for a titration, 
contains 67 g. of crystallised manganese sulphate, 
138 c.c. of phosphoric acid (ap.gr. 1-7), and 130 
c.c. of concentrated snlphunc acid per litre. 
Scott (J. Amer. Chem. Soc. 1924, 46, 1396) 
improves the results by using a few drops of 
a 1% solution of diphenylamine in sulphuric 
acid as indicator. A 1% solution of brucine in 
sulphuric acid has been recommended for the 
same purpose, the acidity of the solution being 
kept above 3^ with regard to sulphuric acid 
(Proc. Indian Acad. Set. 1936, 3, A, 38 ; see 
alto p. 647). 

(u) The acid solution is titrated by 0*121^ 
djehremate as described on p. 647, this titration 
being available in presence of hydrochloric add. 

(ill) By ceric sulphate ; see p. 648. 

Trsiac Salts.-^o) By rtduclitm to ferrona 
salt and titration with permanganate or di- 
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chromate. Beduction may be effected in sny 
of the following ways : (i) Hydrogen sulphide 
is passed through the cold sulphuric acid solu. 
tion (A72 ; 100 c.c.) for 30 minutes, and then 
for IS minutes whilst the solution is boiled ; 
15 c.c. of sulphuric acid (1 : 1) are added, and 
the solution is boiled down in a current of carbon 
dioxide to about half bulk. Sulphur is coagu- 
lated and need not be removed before titration, 
(li) Tho nearly neutral solution is boiled with 
sulphurous acid or ammonium sulphite, excess 
being removed by continued boiling, preferably 
in a current of carbon dioxide, (m) 8-10 g. 
of granulated zme are added to the warm sui. 
phuric acid solution, and the action allowed to 
continue until a drop of the solution no longer 
; gives a coloration with potassium thiocyanate, 
jibe solution is cooled, filtered through glass 
wool, and titrated. The use of zinc-copper 



I couple IS preferable and magnesium powder 
I brings about reduction rapidly and completely. 
Beduction may be rapidly effected by pourmg 
the liquid through a column of amalgamated 
zinc about a foot long (The Jones Eductor, 
Fig. 6) ; Chem. News, 1689, 60, 93 ; Blair’s 
“Qienucal Analysis of Iron,” 8th ei). The 
apparatus is prepared for use by drawing 
100-160 C.C. of c. 5% sulphunc acid through 
the column by apphcation of water-pump 
suction, followed by two portions each of M c.c. 
of disUlled water. Liquid is never allowed to 
drain below the bottom of the cup at the top of 
tho redactor. In carrying out a reduction, 
bquids are drawn through at the rate of about 
100 c.c. per minute in the following order : 
(1) 25-^ c.c. of 5% sulphuric acid; (2) the 
solution to be reduc^ occupying about 100 c.c , 
and about normal with respect to sulphunc acid ; 
(3) 100 c.c, of approximately A’/f sulphuric 
acid ; (4) 100-160 c.c. of water. Hydrochlonc 
add may replace sulphuric add. (iv) The 
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hydrochloric acid solution is heated nearly to 
boiling, and stannous chloride (26% solution) 
added drop by drop until the solution is colour- 
less ; 10 c.e. of saturated mercuric chloride are 
added to the cooled solution to destroy excess 
of stannous chloride, the solution diluted, and 
the ferrous salt titrated with N/lO-potassium 
dichromate (see p. 647) with barium diphenyl- 
amine-sulphonate as indicator, (v) Beduclion 
by palladium-hyirogen in boiling acid solution ; 
this introduces no foreign substance into the 
solution (Z. angew. Chem. 1902, 15, 398, 424 ; 
Analyst, 1904, 29, 346). 

(6) By Direct Titration with a Seducing 
Agent, — (i) Titanous chloride. The sulphurio 
or hydrochloric acid solution of the ferric salt 
is titrated as described under Preparation of 
Standard Solutions (p. 649). (ii) Stannous 
chloride. The nearly boiling hydrochloric solu- 
tion is titrated as described under Preparation 
OF Standard Solutions (p. 649). 

Pekhous Iron in Minerals and Bocks. — 
The only satisfactory method consists in decom- 
posing the coarsely powdered substance with 
sulphuric and hydrofluoric acids in an atmo- 
sphere of carbon dioxide, and titrating the 
ferrous salt produced. (For an exhaustive dis- 
cussion of this problem, v. Hillebrand and 
Lundell, “ Applied Inorganic Analysis.”) 

Iron and Aluminium. — After weighing the 
ignited sesquioxides, they are brought into 
solution by fusion with potassium hydrogen 
sulphate. If iron and aluminium are in solution, 
iron can be determined volumetricaUy in an 
aliquot portion, and total iron and aluminium 
gravimetrically in a second portion. 

Iron and Titanium. — Ferric salts can be 
reduced with sulphurous acid or hydrogen sul- 
phide without reducing titanic salts ; or reduc- 
tion of both may be effected by means of the 
Jones Eeductor, the titanous salt oxidised with 
a sL'ght excess of bismuth oxide, and the 
ferrous salt titrated in the filtered solution. 
To estimate both elements present, one of the 
preceding methods may be combined with the 
reduction process for titanium, described later, 
which would give the total iron and titanium 
(v. also J.S.C.I. 1909, 28, 189 ; Analyst, 1910, 
35, 198). 

Iron and Vanadium. — (i) Beduction with 
sulphur dioxide proceeds with the vanadium as 
far as to the oxide VjO^ ; reduction with zinc 
carries it ns far as VjOj ; hence two such 
reductions and titrations with permanganate 
furnish data for calculating both iron and vana- 
dium (Amcr. J. Sci, 1908, 26, 79). (ii) By 
reduction in a silver reductor, iron is converted 
into the bivalent and vanadium into the quadri- 
valent condition. Sulphuric acid is added to 
the reduced solution to give a concentration of 
5N, and iron is titrated by A/lO-cerio sulphate 
with phenanthrolino-ferrous sulphate as indi- 
cator ; vanadium is not oxidised. Titanium, 
manganese, and chromium are without effect, 
but molybdenum reacts (J. Amcr. Chem. Soc. 
1934, 56, 360). 

Lead. — By Precipitation. — (i) As Molybdate. 
— ^The boiling acetic acid solution (200 c.c.) is 
titrated with standard ammonium molybdate 
(9 g. per litre, titrated against a solution of pure 


I lead). The solution is well shaken, allowed to 
stand for a few minutes, and a drop of the super- 
natant liquid is added to a drop of a solution 
of tannin (0-3%, containing a trace of lead) ; 
the end-point is shown by the appearance of a 
yellow colour, indicating that molybdate is 
present in excess. A mixture of stannous 
chloride and potassium thiocyanate dissolved in 
a little water can also be used as an external 
indicator, a red colour being obtained at the 
end-point. The indicators not being veiy 
sensitive, a “ blank ” experiment should be 
made and the necessary correction allowed for, 
both in an assay and in standardising the 
solution. 

(ii) As Ferrocyanide. — ^The cold acetic acid 
solution is titrated with potassium ferrocyanide 
(10 g. per litre titrated against pure lead) until 
a drop of the solution produces a brown colora- 
tion with a drop of saturated uranium acetate 
solution ; a “ blank ” experiment should also 
be made (J. Amer. Cbem. Soc. 1893, 15, 660 ; 
Chem. News, 1896, .73, 18 ; J.C.S. 1893, 64, 
599 ; Ind. Eng. Chem. [Anal.], 1930, 2, 124). 

(iii) For various titration methods for lead in 
which adsorption indicators are used, see Z. anal. 
Chem. 1927, 164, 219 ; 1934, 99, 18 ; Trans, 
Faraday Soc. 1932, 28, 661, 665 ; Analyst, 1933, 
58, 332 ; 1936, 60, 316 ; Ann. Chim. Analjri. 
1936, 18, 33. 

(iv) Lead is precipitated as PbClF by 
addition of a measured excess of 0-2N-sodium 
chloride and 0'2iV-sodium fluoride, the excess 
of chloride being determined in the filtered 
solution by means of silver ; copper and zinc 
do not interfere (Z. anal. Chem. 1934, 99, 18). 
In determining lead in ores, etc., it is usually 
separated as sulphate and dissolved in 
ammonium acetate previous to titration. In 
addition to the foregoing procedures, lead may 
be precipitated as o.xalate from the solution 
BO obtained, and the washed precipitate sus- 
pended in dilute sulphuric acid and titrated by 
permanganate. 

Magnesium. — (o) lodimelrically. — The mag- 
nesium is precipitated as magnesium ammonium 
arsenate, dissolved in hydrochloric acid and 
potassium iodide, and the iodine titrated (J. 
Amer. Chem. Soc. 1899, 21, 746 ; Z. anal. Chem. 
1907, 46, 714 ; Angew. Chem. 1935, 48, 551). 

(6) By Precipitation with Oxine. — ^Magnesium 
is precipitated as Mg(C 5 HgON )2 from alkaline 
solution, the precipitate is dissolved in dilute 
hydrochloric acid solution, and the o.xine deter- 
mined bromometrically {see p. 650). Mag- 
nesium may be determined in presence of 
calcium, e.g. in cement, as follows ; 

To the boiling solution, after removal of 
alumina, etc., are added 1 c.c. of amn)onia 
(sp.gr. 0-9) and 25 c.c. of hot 4% ammonium 
o.xalate. After boiling for 2-3 minutes, the 
mixture is heated on the steam-bath for 10 
minutes and then cooled to 70°C. ; 20 c.c. of 
oxine solution (1-25% in N/2-aeetie acid) are 
stirred in without removal of the calcium oxalate, 
followed by 4 c.c. of ammonia for each 100 c.c. 
of solution ; stirring is continued for 15 minutes. 
The precipitate is filtered off, washed with dilute 
ammonia (1 : 40), dissolved and titrated wilb 
standard bromate and thiosulphate (Bur. Stand. 
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J. Bm. J931. 6. 113; 1933, 10. 823>. For 
bibliography, »u Berg, “ Das o Oxychlnohn,” 
£nke, 1935 ; “ Organic Reagents for Metals,” 
Hopkan and Wilbams, Ltd., 1934. 

Manganese. — (o) By OndalwH in/k Per- 
manganaU ( VcHkard'e Method, Modified). — To 
the feebly acid solution are added 2 g. of s^tnm 
acetate for each 10 c.c. of permanganate 
expected to be required and 6 g, of potassium 
fluoride (to render iron inactive and to aid 
flocculation). The solution is dduted to 300- 
400 c c., heated and titrated slowly, with 
shaking, with A’/IO permanganate until the 
supernatant liquid is just pink. A**blank” 
should be carried out on the reagents. The 
reaction 

3MnO+MnjO,=5MnOj 

proceeds quantitatively (Z. anal. Chem. 1926, 
68. 129 , 1909, 48, 751 ; Analyst, 1911, 36, 
62 ; Bull Soc. chim. 1935, M, 2, 740). 

(5) By Preciptlalion ao Dioxide and estimation 
of the available oTjgen. Precipitation may be 
effected Ly adding bleaching powder solution 
and calcium carbonate to a hot neutral solution | 
of the manganese salt containing ferric andi 
zme chlorides J C.S. 1879, 35, 365 ; J.S.C.I.' 
ISOl, 10, 333], or by boiling a solution in 
concentrated nitric acid (free from ^drochlonc 
acid) with potassium chlorate. Ine second 
method gnes slightly low results, and a 
parallel determination should be earned out 
on a known amount of manganese The washed 
precipitate m either case is dissolved in a 
sulphuric acid solution of standard ferrous aul 
pbate or oxahe acid, and the e.xce83 of reagent 
titrated. 

(c) By Comersion into Permanganic Acid.— 
(0 The sulphuric acid solution is boded with 
10 c.c each of 25% ammonium persulphate 
solution and 0 8% silver mtrate solution, cooled, | 
diluted, and titrated by sodium arsenite solution 
to a clear yellow end>point, Similar oxidation 
in phosphoric acid solution containing sodium 
pyrophosphate, followed by lodinietric deter- 
mination of the permanganate is also recom- 
mended (Chem. Weekblad, 1934. 31, 633). 
(ii) The cold solution free from hydrochloric 
acid, cobalt, and chromium, and containing one- 
quancr its volume of nitric acid (spgr. 1-42), 
is oxidised by shaking with 2^ g of sodium 
bismuth.-ite (equal totwent}-$ix times the weight 
of manganese expected to be present) for 3 
minutes, diluted with half its volume of 3% 
nitric acid, the solid residue allowed to settle, 
and the permanganic acid solution Altered into 
a slight excess of ferrous sulphate ; excess of the 
latter is tlien titrated with A^/10 permanganate. I 
A blank is earned out on the reagents exactly I 
as m this procedure, and manganese is cal- 1 
culatcd from the difference between the litres' 
(Dingl. polyt. J. 1888, 269. 224 ; J.C.S. 1895, 
67, 2C8 ; Chem. News, 1901, 84, 209, 247 ; 
J. Amcr. Chem. Soc. 1904, 26. 793 ; Ind. Eng. I 
Chem. 1926, 18, 597). (in) Oxidation of I 
manganese salts to permanganate is also effected | 
by potassium periodate in presence of sulphuric , 
or phosphonc acid. 

Manganese in Ferromanganese and Steels . — i 
The foregoing methods a, b, and c have all been | 


emplojed for this purpose ; method e (h) is the 
simplest and probably the most accurate. In 
method n it is necessary to remove iron from the 
solution ; this is convemently performed by 
adding a slight excess of zinc oxide (i. J. Amer 
Chem. Soc. 1902. 24. 243 ; Ann. Chim. anaht 
1906. 11, 124), 

Manganese and Chromium occurring together 
m steels may be estimated by oxidising with 
ammonium persulphate m sulphuric acid solu- 
tion in the presence of silver nitrate ; one por- 
tion of solution is titrated for total perman- 
ganate and chromate with ferrous sulphate, and 
another for permanganate alone by means of 
arsenious oxide (J. Amer. Chem. Soc. 1903, 27, 
1550 ; t. also Chem, News, 1901, 83, 25 ; 1905, 
91, 3 ; Chem.-Ztg. 1905, 29, 987 Bur. Stand. 
J. Res. 1929. 3. 573 ; Chem. Zentr. 1933, ii. 
3461). For estimation of manganese m siiicaie 
rods, see Z. anal. Chem. 1936, 105, 81, 182. 

The foregoing bismuthate method e (ii) may 
be applied in the presence of molybdenitin, 
tungsten, litamum and vanadium ; also, with 
certain precautions, in the presence of ehromiuin 
(Chem News, 1901, 84, 247 ; Ind Eng. Chem 
1912, 4, 19). For estimation of manganese m 
tungsten steels, v. also J.8,C.I. 1907, 26, 345. 

Mercury. — (o) By Prectpitahon — Mcreuno 
nitrate IS readily titrated with A710-thioc>anate, 
using feme nitrate aa indicator, proviiled that 
nitric acid is present in lairly high concentration 
(Bcr. 1901, 34, 3502 . 1902, 35, 2016). Chloride 
must he absent , if necessary, the mercury ts 
precipitated as oxide with sodium hydroxide, 
and the washed precipitate dissolved itt fiitrjc 
acid. 

(6) /odiMelficaliy— The solution (OSgHg 
25-50 c.c.) containing 1 g. of potassium iodide 
IS made alkabne with sodium hydroxide, 2-3 c c. 
of 40% formaldehyde are added, and the whole 
vigorouely shaken for 2 mmutes. The solution 
IS acidified with acetic acid, and the reduced 
mercury la dissolved by adding an excess of 
A'/IO i^ine. After shaking, the excess of iodine 
above that required to form mercuric iodide is 
titrated with N/10 thiosulphate (Ber. 1906, 39, 
3702 ; 1907, 40, 3276 ; Bull. Soc. chim. 1907, 
[iv], 1, 1169). In other procedures, mercury* « 
precipitated by sodium arsenite, copper or 
hypophosphorous acid (Z. anal. Chem. 1889, 28, 
318 ; 1898, 37. 749 ; Analyst, 1926, 51, 224 ; 
1929, 54, 145) Mercurous salts require a pre- 
liminary oxidation with bromine water, excess 
of which is removed by warming. 

(c) Calomel is estimated by adding excess of 
concentrated hjdrochlonc acid and titrating 
with Jf/40-potas8ium iodate, as described on 
p. 658 : 

2Hg.CI,-f HIO.-fSHCI 

= ICl-|-3H,0-l-4HgCI, 

If mercurous mercury is present in solution, it 
18 precipitated as calomel by addition of sodium 
cblonde solution in shght excess ; the precipi- 
tate is filtered OS', washed with the minimum of 
water, and titrated as above. Mercuric solu- 
tions or solutions containing nitric acid arc 
converted into calomel by addition of hy^o- 
chlorio acid, followed by at least a threefold 
excess of ferrous sulphate, and then sodium 
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hydro.xidc in excess. The mixture is well stirred 
for several minutes, dilute sulphuric acid is 
added in excess, and the stirring is continued 
until the iron hydroxides have completel)' dis- 
solved and white calomel remains ; this is then 
titrated with iodate. 

(d) Mercuric chloride solution is titrated by 
potassium cyanide : 

HgCl2-f2KCN = Hg(CN)2+2KCI 

Mercuric cyanide is un-ionised, so that the 
appearance of alkalinity, duo to hydrolysis, 
shows the presence of the slightest excess of 
potassium cyanide. The mercuric solution con- 
taining sodium chloride is neutralised to 
bromophenol-blue, a slight excess of AT/S- 
potassium cyanide is added and the excess is 
titrated by A75-hj'drochloric acid. The potas- 
sium cyanide solution, free from carbonate and 
hydroxide, is standardised on pure mercuric 
chloride (Chem.-Ztg. 1908, 32, 1077 ; J.C.S. 
1921, 119, 1272 ; Z. anorg. Chem. 1909, 60, 457). 

(e) For determination of mercury by precipi- 
tation as mercuric pyridine dichromate, and 
titration of the ^ diehromate, see Furman and 
State, Ind. Eng. Chem. [Anal.], 1936, 8, 467. 

Molybdenum. — (a) By reduclion and sub- 
seqiicnl oxidation. The sulphuric acid solution 
is reduced by passing it through a Jones Re- 
dactor (see p. 660) to a condition represented by 
the formula MojOg ; the liquid is caught 
directly in ferric sulphate solution, which 
reoxidises the molybdenum salt, and the ferrous 
sulphate produced is titrated with N/10- 
permanganato [Amer. J. Sci. 1907, 24, 313 ; 
c/. Ber. 1905, 38, 604 ; Analyst, 1907, 32, 250). 

(6) lodimetrically. — The solution in concen- 
trated hydrochloric acid is boiled with a slight 
excess of potassium iodide until the volume is 
reduced to 25 c.c., when reduction to MojOg is 
complete. The cold solution is diluted to 125 
c.c., tartaric acid 1 g. added, then Na OH until 
nearly neutral, followed by sodium bicarbonate 
and a slight excess of standard iodine. After 
standing in the dark for 2 hours, excess iodine 
is titrated by standard arsenite solution (Amer. 
J. Sci. 1896, 2, 156 ; 1898, 6, 168). 

(c) Mo''i is reduced by stannous chloride of 
specified acidity to MoL Excess stannous 
cliloride is removed by bromine and excess 
bromine by sodium arsenite. Mo'^ is then 
oxidised to Mo'’^ by titration with A'/IO- 
vanadic acid with diphenylaminesulphonic acid 
as indicator (Z. anal. Chem. 1936, 104, 1). 

Molybdenum in Sleds and Alloys (t>. J. Amer. 
Chem. Soc. 1904, 26, 675 ; Lundell, Hoffman, 
and Bright, “ Chemical Analysis ot Iron and 
Steel ”). 

Nickel. — (a) By Double Cyanide Fornwiion. 
— A few drops of 10% potassium iodide are added 
to the cold, slightly ammoniacal nickel solution, 
and then a small measured volume of standard 
silver nitrate (3 g. of silver per litre). Standard 
potassium cyanide (25 g. per litre) is then run in 
with stirring until the precipitate of silver iodide 
just disappears ; more silver nitrate is added 
until a very faint turbidity is produced, which is 
then dissolved by the least possible excess of 
cyanide. The relative values of the silver 
nitrate and cj-anide solutions are determined by 


a preliminary experiment, and the cyanide 
standardised against a known amount of pure 
nickel (or pure silver, and calculated to nickel). 
The method is rapid and accurate (Chem. News, 
1895, 72, 92), the comple.x K2Ni(CN)4 being 
formed quantitatively. For a modified method, 
see Bull. Soc. chim. 1936, [v], 3, 324. 

(6) By Precipitation. — The hot nickel solution 
containing ferric chloride (1 g.) and citric acid 
(2-3 g.) is made feebly ammoniacal and titrated 
slowly, stirring constantly,, with standard potas- 
sium ferrocj'anide (20 g. per litre, titrated against 
pure nickel), until a drop of the solution when 
acidified with dilute acetic acid develops a green 
colour in 5 minutes (J. Amer. Chem. Soc. 1910, 
32, 757 ; BuU. Soc. chim. 1907, [v], 4, 1163). 

(c) Nickel may also be determined by a method 
based on the formation of Ni (C5H5N)4(CNS)2 : 
see under Cobalt (d) (p. 656). 

Nickel in Steel. — ^Jlethod (6) can bo directly 
applied ; method (a) can also bo employed 
without removing iron, molybdenum or 
chromium, if a sufficient excess of ammonium 
citrate or sodium pyrophosphate is added to the 
solution ; or a moderate amount (2-3 g.) of 
each of these reagents may be added (J. Amer. 
Chem. Soc. 1907, 29, 1201 ; 1908, 30, 1116 ; 
1899, 21, 854 ; Chem.-Ztg. 1908, 32, 1223 ; 
Chem. News, 1910, 102, 51 ; J.S.C.I. 1920, 
39, 253T). For modifications in presence of 
other metals, v. Chem. News, 1898, 78, 177, 
190 ; Johnson, “ Rapid Methods for the 
Chemical Analysis of Special Steels, etc.,” 1930. 
Peters (Metals and Alloys, 1935, 6, 278) adapts 
method (a) to chromium-nickel (18:8) steels by 
oxidising the former metal with perchloric acid, 
and so preventing interference by the deep 
colour of chromium salts. 

Niobium. — Some workers have obtained 
consistent results by reduction methods (Z. 
anorg. Chem. 1909, 62, 383 ; Z. angew. Chem. 
1933, 46, 552), but others have found these pro- 
cedures to give variable values (Analyst, 1924, 
49, 215 ; Z. anal. Chem. 1934, 99, 398). 

Nitrogen. — Ammonia (a. Acidimetby and 
Alkalimetry (p. 645)). 

Hydrazine. — Hydrazine is quantitatively 
oxidised as follows : 

N2H4-bHI03-t-HCI = N2-)-ICl-b3H20 

under the conditions given on p. 658. It may 
also be estimated by the slow addition of stan- 
dard chloramine-T to the hydrazine solution 
(25 C.C.), containing sodium bicarbonate (0-5 g.), 
a crystal of potassium iodide and starch solution, 
until the blue end-point is reached : 

N2H4-f2CH3CeH4-S02-NCINa 

= N2-b2CH3-C8H4-S02'NH2-b2NaCl 
and 2HI-bCH3-C5H4-S02-NCINa 

= l2-bCH3-C3H4-S02-NH2-bNaCI 

(Z. anal. Chem. 1034, 96, 321). Standardisation 
of the chloraminc-T can also be based on the 
second reaction, the chloraminc-T in approxi- 
mately A'/J-hydrochlorio acid, containing 1 g. 
of potassium iodide, being titrated with N/10- 
thiosulphate. 

Hydroxylajune. — (o) By Oxidation. — (i) To 
a solution of h}’drox}’lamine (about 0-05 g.). 
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or one of its salt", are added saturated fenic 
alum solution (30 c.c.) and at least 10 e.e. of 
DA’-sulphuric acid. The solution is boiled for 
5 minutes, largely diluted with cold water, 
and titrated by standard permanganate or 
dichromate. The reaction : 
2 NHj 0 H+ 2 Fe,(S 04 l 3 

= NjO+4FeS04+2H,S04+HtO 
proceeds quantitatirely under the prescribed 
conditions (Annalen, 1887, 241, 318). 

(ii) To the hydrox^lamine solution are added 
10^0 c.c. excess of standard (i//60) potassium 
bromate solution and then 40 c c. of 6A*-hydro- 
rhlonc acid ; after 15 minutes the excess 
bromate is titrated by standard thiosulphate 
with addition of potassium iodide. Oxidation 
in thus case is to nitne acid : 

NH 40 H+HBr 0 j=HN 0 ,+ HBf+Hj0 

((<) By Beduction . — An excess of titanous snl* 
phate IS added to the acid solution, and the 
ammonium salt produced is estimated by dis* 
tillation inth sodium hydroxide (Her. 1909, 42, 
2695). 

Nitrates. — ( a) By Beduetton . — The solution 
is made strongly alkahne with sodium hydroxide, 
C c c. of alcohol and 2-5-3 g. of powdered 
Lerarda'a alloy (see p. 598) added, and the 
flask connected with a distilling apparatus, the 
receiver of which contains excess of NI2- 
h}drochlono acid. After standing for half an 
hour, the liquid is steam-distilled for an equal 
length of time, when all the nitrate has I^d 
converted into ammonia and driven over into 
the acid : the excess of the latter is then titrated 
(Z. anal. Chen. 1894, 33, 113 ; Analyst, 1910, 
35, 307 i V. also the Gcavimetric Section <p. 593)). 
It is stated (Analyst, 1936. 61, 349) that the 
amount of sodium hydroxide recommended by 
Devarda is excessive and leads to inaccurate 
results. The optimum quantities are mtrate 
(1 g ), Devarda'a alloy (3 g.), sodium hydroxide 
(2 g ), and water (250 c c.). Nitrates, e g. m 
fertilisers, may be determmed by conversion into 
ammonia by treatment with iron (reduced by 
hydrogen) in presence of sulphuric acid. 
Ammonia is distilled after addition of sodium 
hj droxide in excess (see “ Fertilisers and Feeding 
Stuffs Regulations," 1932). 

(6) By Oxidation of Ferrous Salts. — Reaction, 
in an inert atmosphere, proceeds according to 
the equation : 

SFeCIj+HNOj-fSHCI 

=3FeCI,+ NO+2HjO 
The mtrate (0 25 g.) is placed in a long'iiecked 
flask, fitted with inlet and outlet tubes for 
carbon dioxide, and air is expelled by the gas. 
A solution containing a known weight of ferrous 
ammonium sulphate (approximately 10 g.) and 
about 40 c.c. of concentrated hydrochlonc add 
are added. The reactants are heated gently for 
10 min utes and then boiled until the dark red 
colour changes completely to yellow-brown. 
The liquid is cooled with the stream of carbon 
dioxide stQI flowing, then diluted considerably 
with water and titrated by A73-dicbroinate, 
after addition of phosphoric acid and barium 
diphen} laminesulphonate (see p. 647). A smaller 


excess of ferrous iron can be used in presence 
of molybdic acid as catalyst (J. Amer. Chem. 
Soc. 1033, 55, 1454 ; Z. anal. Chem. 1877, 16, 
267). The foregoing method cannot be used 
in presence of organic matter ; in such cases 
the nitric oxide evolved is determined (Z. anal. 
Chem. 1884. 23, 151 ; J.C.S. 1880, 37, 468 ; 
1882, 41, 345). 

NmuTES.— ^a) By Oxidation . — ^The nitrite 
solution u slowly added to a measured quantity 
of A'/lO-permanganate, which is acidified with 
snlphuiie acid, diluted to 400 c.c , and warmed 
to 40®C., untU the colour is just discharged : 
2HN0.»0,. Reaction is slow towards the 
end. jUtematively, the nitrite is added to 
excess of acidified permanganate and, after the 
mixture has stood for 15 minutes, the excess of 
permanganate is determined by ferrous sulphate 
or oxalic acid (see J. Amer. Chem. Soc. 1919,41, 
624 ; Ind. Eng. Chem. [Anal.], 1933, 5, 112). 

(6) JodtmeincaUy . — Several methods have 
been based on the reaction 

2HI + 2HNOj=l,+2NO+2H,0. 

It IS necessary to perform the experiment in an 
atmosphere free from oxygen ; the iodine may 
i be determmed by thiosulphate or arsenite. (For 
detaib.v. Pbarm. J. 1889,10, 741 j Chem News, 
1904. 90, 114 ; Analyst, 1934, 59, 99 ; ef. 
Oroanio Aralysis, Aromatic amines (p 627) ) 

(c) By Chloramine-T.—'To a known volume 
(excess) of'chloramine-T eelution, acidified by 
dilute acetic acid, is added a measured volume 
of nitnte solution : 

CH, C4H4S0, NCINa+HN0,+ H|0 

-CH,-C,H 4 -SO,-NH,+ HNO,+ NaCI 
After a few muiutes, excess chloramine is 
titrated as in its standardisation (see p. 663} 
(Pham. Weekblad, 1926, 63, 111?). 

Osmium. — lodmetrieally . — ^The solution of 
osmium tctroxide, acidified by snlphunc acid, 

! is treated with an excess of potassium iodide, 
j and then titrated with NJIO thiosulphate, with 
starch iodide paper as external indicator : 
0 s 04 -b 4 HI= 0 s 0 .-f 2 H. 0 -|- 2 tj(Chem.Zentr. 
1898, u, 65 ; Z. anorg. Chem. 1910, 65, 429). 

! Oxygen. — Peroxides. — (u) lodunetrieally . — 

' Such peroxides as those of manganese and lead 
may bo estimated by Bunsen's method {see 
p. 657). Finely divided peroxides of manganese 
react quantitatively with cold dilute hydro- 
chloric acid or phosphoric acid, and potassium 
iodide (J.C.S. 1880, 37, 128). a method of 
estimation that is available with the peroxides 
of the alkali and alkalme-carth metals, which 
do not give satisfactory results by the distil- 
lation method (Arch. Pharm. 1902, 240, 437). 
Hydrogen peroxide may be determined in this 
manner (Analyst, 1888, 13. 62). but reaction is 
slow ; it becomes almost instantaneous in 
presence of a few drops of ammonium molybdate 
(Pharm, Weekblad, 1919, 56. 949). Interference 
of atabhlisera is minimised by addition of 0 5 g. 
of pyrogallol (J. Assoc. Off- Agrie. Chem. 1933, 
16. 395). 

(6) By /feJacfion.— Hydrogen peroxide, or 
peroxides of the alkali and alkaline-earth metals, 
may be dissolved in cold dilute acid^nd titrated 
with A'/IO-permanganate, which loses as much 
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oxygen as is lost by the peroxide (v. also Gas- 
VoLUMETEic Methods). Unlike method (a), 
above, this method cannot be used in presence 
of many organic substances (p. 688). 

Pekacids. — Perborates are determined as 
described in (a) above. Eor the determination 
of perborates in soaps, see Analyst, 1920, 45, 
88 ; Z. anal. Chem. 1933, 92, 95. Percar- 
bonales are estimated as in method (6), decom- 
position bj’^ acid occupying about 30 minutes. 
Perdisulphates are determined by dissolving in 
an excess of standard ferrous ammonium sul- 
phate solution in an atmosphere of carbon 
dioxide, 100 c.c. of "water at about 90°C. are 
added and, after 1 minute, the solution is cooled 
and excess ferrous iron is titrated by standard 
permanganate. Hydrogen peroxide and Caro’s 
acid (permonosulphuric acid) react similarly ; 
for the estimation of each in admixture, see 
Analyst, 1933, 58, 464 ; Z. anorg. Chem. 1931, 
195, 61. 

Palladium. — ^A paUadoua solutionis precipi- 
tated by a known amount of salicylaldoxime as 
Pd(CjHg02N)j. Excess salicylaldoxime in the 
filtrate is estimated by boiling -with ferric sul- 
phate solution and titrating the ferrous iron by 
permanganate (Bull. Soc. chim. Belg. 1936, 45, 
9), the oxime being hydrolysed to hydroxylamine 
(j.y.). 

Phosphorus. — ^Phosphoric Acid (Ortho-). 
— (a) (a. Acidimetry and Alkalimetry, p. 645). 

(5) Acidimetrically, with Previous Precipi- 
tation. — ^The precipitate of ammonium phos- 
phomolybdate (NH4)3P04,12Mo03 (v. Gravi- 
metric section, p. 598) after washing with 
water is dissolved in a slight excess of standard 
potassium or sodium hydroxide free from carb- 
onate, and the excess titrated "with standard nitric 
acid, using phenolphthalein as indicator. As the 
ammonia is not boiled off, one molecular pro- 
portion of PjOj requires 23 molecules of KjO 
(J. Araer. Chem. Soc. 1895, 17, 950 ; 1897, 
19, 703 ; J.S.C.I. 1904, 23, 1186). In other 
procedures, the ammonia is boiled off and 
P205=26K20 (Analyst, 1924, 49, 565). 

(c) By Precipitation. — ^The solution, feebly 
acid with acetic acid, containing 5 c.c. of sodium 
acetate solution (100 g. of sodium acetate and 
50 c.c. of glacial acetic acid per litre), is heated 
to 90°-100°C. and standard uranium acetate 
solution (35 g. per litre) is run in from a burette 
until a drop of the solution gives a brown 
coloration with potassium ferrocyanide upon a 
white tile. The compound formed is uranyl 
ammonium phosphate, (LiOjlNH^PO,. In 
analysing alkali phosphates, the uranium solu- 
tion is standardised against pure potassium 
dihydrogen phosphate, while a solution of cal- 
cium phosphate in acetic acid, standardised 
gravimetrically by the method of Woy (Chem.- 
Ztg. 1897, 21, 442), must be used if the uranium 
acetate is to be used for estimating phosphates 
of the alkaline earths (J.S.C.I. 1892, 11, 328). 
It is essential that titrations should be made 
under conditions closely approximating to those 
which obtained when the uranium solution was 
standardised. 

Phosphorus in Iron and Steel. — ^This is 
usually separated as ammonium phospho- 
molybdato ; it may then be titrated according 


to b above, or the precipitate is washed with 
dilute ammonium sulphate, dissolved in am- 
monia, the solution strongly acidified "with 
sulphuric acid, and determined after reduction 
to IVlOjOj as described imder Molybdenum, p. 
605 (Scott “Standard Methods of Chemical 
Analysis,” 1926 ; Blair, “ Analysis of Iron ”). 

Phosphorus, Elemental. — ^The material con- 
taining phosphorus (about 0-1 g.) is weighed into 
a flask containing 2 c.c. of carbon tetrachloride ^ 
20 c.c. of 5% potassium iodate and 50 c.c. of 
A’^-sulphuric acid are added. The flask is 
attached to a ground-in condenser and the 
mixture is refluxed for 4 hours to complete the 
reaction : 

2P-1-2H I03-t-2H20=2H3P04-f Ij 

The iodine is then distilled into excess of potas- 
sium iodide and titrated by N/lO-thiosulphate. 
Iodate remaining can also be determined in an 
aliquot portion of the solution left in the dis- 
tillation flask (J. Amer. Chem. Soc. 1927, 49, 9). 

Phosphorous Acid. — To the phosphite solu- 
tion (10 c.c.), containing about 0-1 g. of the salt, 
are added 0-5 g. of sodium bicarbonate and 
20 c.c. of 2V/10-iodine. After 2 hours, 10 c.c. 
of 10% acetic acid are added and the excess 
iodine is titrated. The reaction is 

H3p03-f-l2-t-H20=H3P04-h2HI 

H"ypophosphorou3 Acid. — ^To the solution 
(10 c.c.) in a stoppered flask, containing about 
O-l g. of the salt, are added 10 c.c. of 25% sul- 
phuric acid and 30 c.c. of N/lO-iodine solution. 
The mixture is left in the dark for 10 hours and 
excess iodine is then titrated. Oxidation pro- 
ceeds only to phosphorous acid : 

H3P02-l-l2-l-H30 = H3P03-h2HI : 

but further o.xidation in presence of bicarbonate 
can then be effected to phosphoric acid (see 
Phosphorous Acid) ; the procedure can be used 
for the analysis of mixtures of phosphites and 
hypophosphites. 

Platinum may be determined by adding a 
chloroplatinate solution to excess of potassium 
iodide solution and titrating the liberated iodine : 

PtCl4-}-4KI = Ptl3-l-4KCI-l-Ij 

Auric solutions (see p. 667) are also reduced. 

Potassium is precipitated as KjNaCo (NO^). 
Various descriptions are published, which must 
be closely foUowed to obtain a precipitate 
of this composition (J.C.S. 1900, 77, 1076 ; 
Analyst, 1923, 48, 250 ; 1926, 51, 450 ; Amer. 
J. Sci. 1907, 24, 433 ; J. Assoc. Off. Agric. 
Chem. 1933, 16, 137 ; Ind. Eng. Chem. 
[Anal.], 1933, 5, 163 ; J.S.C.I. 1934, 53, 392 ; 
Analyst, 1935, 60, 677). Nitrite is then deter- 
mined by permanganate (c/. p. 664) or by ceric 
sulphate, and since Co™ is converted to Coii, 
2K2NaCo(N02)c=110. 

Rhenium. — ^ee Chem. News, 1932, 145, 186 ; 
Z. anorg. Chem. 1935, 222, 66. 

Selenium. — Selenious Acid. — (a) By Oxi- 
dation. — ^The solution containing about 0-1 g. 
of selenious acid in 25 c.c. of 40% sulphuric acid 
is diluted to 150 c.c. and oxidised by excess (at 
least 10 c.c.) of JV/lO-potassium permanganate, 

1 after addition of sodium phosphate (12 g.) to 
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prevent preeipitation of manganese dioside. 
After 30 mmutes, excess permanganate is 
titrated by ferrous sulphate ; 

H,SeO,+ 0 = HjSeO, 

{J. Amer. Chem. Soc. 1D26, 48, 2550). 

(fc) /orfimetnca?/y. — ^The solution (100 c.c.) 
containing about O-l g. of selemous acid m a 
stoppered bottle is treated with 10 c.c. of 25% 
hjdrocblonc acid, 20 c c. of carbon disulphide 
(to prevent adsorption of iodine on selenium), and 
10 c.c. of 10^0 potassium iodide, added in a fine 
stream. The misture is shaken for 1 minute, and 
the liberated iodine is titrated by thiosulphate : 

HjSe0j+4H1 = Se+2I,+3H,0 
(Chem -Ztg. 1928,52, 142). 15 c.c. of 2% starch, 
uhich acts as a protective colloid and prevents 
precipitation of selemum, can be used instead 
of carbon disulphide (Chem. Weekblad, 1934, 
31, 333). 

Small quantities of selenium in sulphur are 
determined by combustion to dioxides in 
ov>gen : the resulting sohd selenium dioxide is 
estimated lodimetncally (Ind. Eng. Chem. 
[Anal.], 1935, 7, 423). 

SEtEMra AND Selinic Acid. — The powdered 
element (about 4 g ) is suspended in 100 c c. of 
water and warmed with potsasium bromate 
(10 g.). The resulting solution of selenlo acid 
13 cooled and diluted to 1 litre. To 20 c c. of 
this solution are added 20 c.c. of 2.A/'potassium 
bromide and 10 c.c. of hydrochloric acid, and 
the solution la heated to effect reduction to 
selemous acid, which is then titrated as above 
(Chem. Weekblad. 1034, 31. 333). 

Sliver . — By Prtctptlalion.-^t) The nitric 
acid solution is titrated with standard sodium 
chlondc until no further precipitation is observed 
(For details of this very exact method, v. 
Assaying.) A number of devices have been 
described for rapidly filtering a portion of the 
liquid m order to test for further precipita- 
tion (J.C.S. 1908, 83, 1037 ; GazzetU. 1909, 
39, 11 , 240). A modified method consists in 
addmg a slight deficit of sodium chlondc, 
filtering, and titrating the remaining silver 
with dilute ammonium thiocyanate (J. Amer. 
Chem. Soc. 1807, 19, 814 ; t. also J.C.S. 1900, 
n, 232 ; Z. angew. Chem. 1904, 17, 047). 
(ii) Titration may be effected with Af/lO- 
thiocyanate as described under Prefakation 
or Standard Solutions, p. 649. (iii) V'anous 
procedures in which adsorption in^cators are 
used are desenbed under Preparation of Stand, 
dard Solutions and Estimation of Halogens in 
Hahde Salts, p. 659. 

Sodium.-^i) The precipitate, 

NaZn(UO,)j(C,H,Oj)j 

or 

NaNi(UOj)s(C,H,0,), 

(#e« Gravijietbic section, p. 607), is dissolved, 
and uranium (q.v.) is estimated by reduction 
or by titration with standard phosphate solution ' 
see Phosphoric Acid, p. 665) (J. Amer. Chem. 
Soc. 1930, 52, 1349). (u) For method based on 
precipitation of NajHSbO^, but requiring use 
of a correction factor, see Z. ana). Chem. 1936. 
104, 406. 


Sodium and Pciassium. — If these two altal i 
metab are present together as chloride, and 
no other salts are present except those of 
ammomum, the solution is evaporated to dry- 
new, gently igmted, until free from ammonium 
salts and moisture (which is rather tenaciously 
retained), and weighed, the weight being lo g. 
The mixed chlorides are then dissolved in water, 
and the chlorine determined by means of silver 
nitrate ; if c is the weight of chlorine thus 
found, then 

KCI=3 6305(2 1026c-«>) 
and NaCI=w~KCI 

Sulphur, Acids of. — Hydrogen Sulphide. 
— lodtmetrieally. — (i) The gas or a measured 
volume of solution is absorbed m an excess of 
A’/IO iodine, the excess being afterwards 
titrated with A’/lO-thiosulphate : HjS=l,. 
Direct titration with iodine leads to low results 
(Z. anal. Chem. 1906, 45, 541). (u) To a 
measured volume of A'/IO arsenious acid arc 
added 20 c.c. of hydrogen sulphide water, and 
the mixture is acidified by hydrochloric acid. 
The arsenious sulphide 

(As,0,+ 3H,S=ASjS3+3Hj 0) 
is filtered off and washed, and the excess of 
arsenite is determined in an aliquot portion of 
the filtrate by titration with lodmc. 

For the determination of sulphur in sulphides 
decomposable by acids to yield hydrogen sul 
pbide, see Fox and Bowles, "The Analysis of 
Paint^ Pigments, and Varnishes," 1027, p. 33 , 
Analyst, 1933, 58, 682. For the determination 
of sulphur m pyrites, ores, etc, see J.S.C.I. 
1888, 7, 305 , Z. anal. Chem. 1007, 46. 9. 
For the determination of Polysutphdes, see 
Z. anorg. Chem. 1925, 742, 115. 

Hyposulprueovs Acid,> H,Sj 04 .— Hibbert 
and Knecht (Ber. 1907, 40, 3819) employed a 
volumetric process based on the use of methylene 
blue and titanous chloride, and this method is 
still utilised. Ammoniacal stiver nitrate can be 
used as follows (J. Amer. Chem. Soc. 1921, 43, 
1307 ; Bull. Soc. chim. 1906, 35, 293). About 
0 5 g. of dry hyposulphite is treated with a 
twofold excess of aqueouv silver nitrate con- 
taining much more than sufficient ammonia to 
redissolve the silver oxide first precipitated. 
In dissblving in this reagent, hyposulphite is 
forthwith oxidised to sulphite, precipitating 
elemental silver, which is collected on asbestos 
and washed with dilute ammonia containing 
ammonium nitrate, the latter being added to 
prevent the finely divided silver from passing 
through the filter. The silver is then dissolved 
in nitnc acid, and after boiling off nitrous fumes, 
the solution is titrated with A’/IO thiocyanate, 
using fernc alum as indicator. 

For the estimation of hyposulphite in 
presence of sulphite, see Giorn. Chim. Ind. Appl. 
1021. 3, 601 ; Chem. and Ind. 1923, 42. 290 ; 
Col. Trade J. 1024, 14, 180 ; and in presence 
also of thiosulphate, see Z. anal Chem. 1930, 
80 . 1. . , c 1 

SuLPnuBors Acid. — (a) lodmelrkaXhj — Sul- 
phurous acid 13 estimated by running it into 
dilute standard iodine solution, acidified by 
* Sometimes erroueously called hidrosulphurous add 
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hydrochloric or sulphuric acid, with constant 
stirring until the colour of the iodine is dis- 
charged : 

H2SO3-I- la-f H 20 = H 2804-1-2 H I 

Titration cannot be carried out in the reverse 
direction, as side reactions then take place. 
Sulphites may be determined by adding the 
powdered salt to excess of A'/lO-iodine, and after 
decomposition is complete titrating back with 
JV/lO-thiosulphate. 

{b) By Potassium lodale. — ^The reaction 

2S02-l-H20-f2HCI-l-KI03 

= 101-1- KCI-t-2H2S04 

takes place under conditions described on 
p. 658. The method can be used for estimating 
sulphur dioxide in wines by distilling off sulphur 
dioxide after addition of phosphoric or tartaric 
acid, and collecting the gas in dilute alkali •con- 
taining glycerol to prevent atmospheric oxida- 
tion of the sulphite. 

StrLPHURic Acid. — (a) lodimetrically. — The 
feebly acid boiling dilute sulphate solution is 
precipitated with an e.xcess of a solution of 
barium chromate in hydrochloric acid (3-4 g. 
BaCr04, 30 c.c. cone. HCI, diluted to 1 litre). 
Barium sulphate is thus precipitated, and an 
equivalent of chromic acid liberated. The 
boiling solution is neutralised with powdered 
chalk to remove excess of barium chromate, 
and the chromic acid in the cold filtrate titrated 
iodimetrioally ; Cr03=S03 (Amer. Chem. J. 
1889, 11, 567 ; Chem.-Ztg. 1898, 22, 357). 

■ (6) By Precipitation. — (i) By titration with 
barium chloride with rhodizonic acid as indicator 
(see Barium and 1934, A. 500 ; Z. anal. Chem. 
1936, 105, 346). (ii) By use of benzidine. — 
The sulphate is precipitated from dilute solution 
as benzidine sulphate by means of excess of 
benzidine hydrochloride solution. The pre- 
cipitate is suspended in -water, heated to 
50°C., and titrated by A^/lO-sodium hydroxide 
with phenolphthalein as indicator. When the 
titration is almost finished, the liquid is boiled 
for 6 minutes, and the titration then completed : 
2Na0H = H2S04 (Z. angew. Chem. 1907, 
20, 9). (iii) A fairly accurate titration can be 
effected by lead nitrate with eosin as adsorption 
indicator (Ind. Eng. Chem. [Anal.], 1936, 8, 130). 

Thiosulphueic Acid. — lodimetrically. — Thio- 
sulphates are titrated -with iodine as in stan- 
dardising thiosulphate solution (see p. 648) ; 
sparingly soluble salts are suspended in water in 
a stoppered bottle and shaken vigorously 
throughout the titration. 

Persulphdric Acid. — See p. 665. 

Dithionio Acid. — Dithionic acid is quantita- 
tively oxidised to sulphuric acid by boiling for 
1 hour with potassium dichromate, strongly 
acidified by sulphuric acid. Unchanged di- 
cliromate is then determined iodimetrically. 
Sulphurous acid, if present, is first removed by 
boiling -with iV^/2-acetic acid for 15 minutes 
(J.C.S. 1933; 5). 

Polythionic Acids. — See Z. anorg. Chem. 
1925, 142, 119 ; 1927, 166, 177 ; J.C.S. 

1927, 1451, for the estimation of tri-, tetra-, 
and penta-thionates, both alone and if mixed 
with bisulphites and thiosulphates. 
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Sulphur, Elemental. — Sulphur (0-1 g.) is 
converted into sodium thiosulphate by boiling 
under reflux for 30 minutes with sodium sulphite 
(2 g.), water (30 c.c.), and soft paraffin (1 g.). 
The solution is cooled and poured off from the 
parafiSn, which is washed with hot water, 
followed by cooling. To the combined solutions 
are added formalin (10 c.c.), to render sulphite 
inactive, 20% acetic acid (20 c.c.), and -n’ater to 
a total volume of 150 c.c. ; thiosulphate is then 
titrated by iodine (Quart. J. Pharm. 1934, 7, 
179). Eor a method depending upon the con- 
version of sulphur into thiocyanate, see ibid. 
1933, 6, 431 ; Z. anal. Chem. 1932, 91, 32. 
For determination of sulphur in presence of 
selenium, see Z. anal. Chem. 1935, 102, 353. For 
the estimation of free sulphur in rubber, see 
J.S.C.I. 1933, 52, 296T ; Ind. Eng. Chem. 
[Anal.], 1935, 7, 103. 

Tellurium. — Tellurous Acid. — By Oxida- 
tion. — (i) The solution is oxidised by per- 
manganate, exactly as described under Selenious 
Acid, p. 065. (ii) The solution (200 c.c.), con- 
taining 15 c.c. of concentrated hydrochloric acid 
and a measured e.xcess of W/IO-dichroraate, is 
allowed to stand for 30 minutes. Excess of 
dichromate is then determined. Selenious acid 
is not o.xidised (J, Amer. Chem. Soc, 1923, 45, 
1423). 

Telluric Acid. — lodimetrically. — The tel- 
lurate is distilled with hydrobromio acid in 
Bunsen’s apparatus (see p. 657), the bromine is 
absorbed in potassium iodide and the iodine set 
free is titrated with N/lO-thiosulphate. Tel- 
lurium trioxide must be previously dissolved in 
concentrated potassium (not sodium) hydroxide, 
since it is scarcely attacked by hydrobromio 
acid. The reduction proceeds to tellurous acid 
(Z. anorg. Chem. 1894, 7, 132 ; Monatsh. 1923, 
44, 349). 

Thallium. — Thallous salts are oxidised to 
thallic compounds by potassium iodate or by 
chloramine-T in presence of 6A-hydrochlorio 
acid, under the conditions described on p. 058. 
The reaction is 

2TICI-b H 103-(-5HCI=2TICl3-f 3H2O-HCI 

(Analyst, 1926, 51, 137 ; 1934, 59, 736 ; J. 
Amer. Chem. Soc. 1936, 58, 113). 

Oxidation can also be carried out by potas- 
sium bromate, or by chloramine-T and potassium 
bromide, -with methyl orange as indicator, as 
described under Antimony (see also Z. anorg. 
Chem. 1926, 153, 276 ; Analyst, 1934, 59, 736). 

Thorium. — Th(C9HgON)4, C9H,ON is pre- 
cipitated by oxine (Z. anal. Chem. 1935, 100, 
98 ; Monatsh. 1929, 53, 596), and determined 
bromoraetricaUj' (see p. 650). 

Tin. — Stannous Salts. — (a) lodimetrically. 
— The cold hydrochloric acid solution of the 
stannous salt is titrated -with N/lO-iodine : 
80=13; the solution should contain 25-40% 
by volume of concentrated acid. Exposure of 
the solution to air must be avoided, since 
stannous salts readily undergo oxidation ; it is 
preferable to -n’ork in an atmosphere of carbon 
dioxide and to remove air from the iodine solu- 
tions used in the titrations (Okell, Analyst, 
1935, 60, 803). Many metals, including arsenic 
and antimony, are without effect. 
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(6) By CMoramine-T. — ^The concentration of carbonate (UO{)CO,,2(NH4).COj. The fil- 
acid must not exceed fi% ; etacch and a ciyatal trate is concentrated considerably, acidified aith 
of potassium iodide are added, and tbe aolotion bydzochloric acid, the CO, boded off, and the 
is titrated by 2f/10 cbloramiae-T (see p. 663). uranium precipitated as {NH4),U,0, by addi- 
SxANiao Salts. — Before titration with iodine, tion of ammonia. The precipitate is heated at 
stannic salts must bo reduced ; this may be 170°C. with ddute sulphuric acid in an atmo* 
accomplished by heating the hydrochloric acid sphere of carbon dioxide, and the cooled solution 
solution with iron, mckel,zmc, antimony, orlead is titrated by N/lO-permanganate. One third 
foil (Chem. News, 1901, 84, 167 5 J.S.CXI. of the uranium is thereby reduced to the qnsdri- 
1916, 35, 10S7T ; 1916, 37, 287T ; Pharm. valent state, whence 1 c.c. of permanganate^ 
Weekblad, 2917, 64. 718; 1919, 56. 1466); 603588g. U. 

hypophosphorous acid has also been us^ Urantum and Vanadtnm (v, J. Amer. Chem 
(Analyst, 1931, 56, 171). Soe. 1906, 28, 1443). 

For the determmation of tin in ores and aUoys. For the determmation of uranium in ores, see 

see Chem. News, 1877, 38, 238 ; 1901, 84, 167 ; J. Amer. Chem. Soc. 1934, 56, 277. 

Chem. and Ind. 1934, 53, 615. Vanadium, — (a) By Beduetion and Subsequent 

For separation of tin from arsenic and Oxidatxon. — (i) The vanadic solution contammg 
antimony, see p. 652. sulphuric acid is boiled with sulphur dioxide 

Titanium. — By Btdueiion. and Subsequent until the colour is a pure blue, and the excess 
Oxidati<m. — It is difficult to obtam accurate of aulphur dioxide then expelled with carbon 
results with quantities of titanium dioxide ex* dioxide ; the solution, containing vanadium salt 
ceeding 0-15g, The warm, dilute aulphunc acid corresponding to the oxide V{ 04 , is then 
solution of titanic salt is reduced to the tervalent titrat^ hot with N/10 permanganate. Kolybdio 
condition m a Jones Redactor (see p. 660) and acid or uranyl salts are not reduced under these 
dehrered mto feme sulphate solution (see conditions, (u) The sulphuric acid solution h 
M olybdenum p. 663), ; theequivalent quantityof passed through a Jones Redactor (set p. CCO) 
ferrous sulphate produced is titrated with N/IO* and the reduced solution collected and titrated 
permanganate or •dichromate. os described under Molybdenum. In this case 

Titanium m titamum ‘pigments may be deter* reduction proceeds as far as the oxide V]0| 
mined by dissolving the material m concentrated (Amer. J. Sci. 1908, 25, 332 ; ef. ibid. 1903, 15, 
sulphuric acid and ammonium solpbate. The 389). (lu) VjO, is oxidised quantitatively to 
solution is reduced by hquid zinc amalgam, V|0} by Lang’s iodine cyanide method described 
potassium thiocyanate is added as indicator and on p. 6M (Analyst, 1934, 69, 736). 
titration 13 earned out with standard feme alum (b) JodtmetneaUy.— To 50 c.c. of approzi* 
solution (lod. Eng. Chem. [Anal.], 1936, 8, 46 ; mately J//30>vaDadate solution, 2 c.c. of con* 
Knecht and Eibbert, “ New Redaction Methods centrated sulphuric acid are added and the 
in Volumetno Analysis,” 1925). solution is boded in a 400 c.c. conical fiask in a 

Titanium and Iran (see jRoy, p. C6l ; c/.alsa stream of carbon dioxide. The inlet tube should 
J. Amer. Chem. Soc. 1895, 17, 878). reach to about 1 cm. above the surface of the 

Tungsten, BedueUan and Subsequent liquid and the outlet tube should dip under 
Oxidation. — The reduction by zinc and hydro- water. Carbon dioxide is passed through con- 
chlonc acid leads to varuble results (ef, Ind. tinuously, and the fiask is cooled to room tem- 
Eng. Chem. [Anal.], 1934, 6, 476). It is claimed perature. Solid potassium iodide (3 g.) is 
that, by reduction with lead amalgam, tungstate quickly added, the rate of flow of gas is reduced 
IS reduced exactly to VV^Oj, whereas with so that iodine is not lost 
bismuth amalgam, reduction proceeds to WtO, <v n ft j.H OlI 1 

(Z. anorg. Chem. 1927, 163, 206). (V 40 i-{- 2 HI=V, 04 +M, 0 +l,J, 

Urariium. — (n) By Bedariiwi and Subsequral ani aft-m lAiaking gwitty Sw 2. the 

Oxidation. — The solution is reduced by passage solution is diluted to about 300 c.c. with cold, 
through a Jones Redactor (see p. 660). Reduc* boiled-out, distilled water, and titrated by 
tion proceeds a little too far, but oxidation to N/10 thiosulphate in presence of starch (J. 
the uranous state (U*'’) is accomplished by Amer. Chem. Soc. 1927, 49. 1138 ; see also ibid. 
bubbling air through the solution for a few 1929, 51, 1366). 

minutes until the dingy green colour changes Vanadium and Chromium (v. Bull. Soc. chim. 
to a hnght green. The solution is titrated by 1904 (uij, 38, 962 ; Amer. J. Sci. 1908, 28, 333 ; 
A’/lO-permanganate or ‘dichromate (J. Amer. Analyst, 1928, 53, 475). For rapid method of 
Chem. Soc. 1925, 47, 2637) , m the latter determmation in steels, see Ind. Eng. Chem. 
titration, 2% ferric cUoride solution (25 c.c.) fAnal.], 1933,5, 158. 

can be add^ to accelerate the colour change of Van^ium and Ifraniam. — Since uranyl salts 
the diphenylaminesulphoDic acid used as ate not reduced by sulphur dioxide, vanadium 
indicator (J. Amer. Chem. Soc. 1933, 55, 1871). can be determined in presence of uranium by 
(6) By Oxine. — Uranium is precipitated ns method (a) (i) (»ee also J. Amer. Chem. Soc. 
UO,(C.H,ON)j,C*H,ON (Monatah. 1929.53. 1906.28, 1443). 

596) anu determined Lromometneally (acep 050) Vanadium and Iron. — See under Iron, p. 601; 

(c) Separation from Iron and Mumtniun. — also J. Amer. Chem. Soc. 1903, 80, ^229, 1233). 
The acid solution, containing ammonium aalta. Vanadium and Molybdenum. — See Amer. J* 
is mixed with an excess of ammonium carbonate Scl 1903, 25, 332, and also method (a) (i) above, 
and sulphide in a closed flask. The precipitate Zinc. — (a) By Po^aMiiim Fenocyanide.-^ 
contains the iron and alumininm, and the (i) The chioride solution, containing 3 cc. oi 
nranium remains in solution as the double concentrated hydrochloric acid in 250 c.c.. w 
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heated nearly to boiling, and titrated with 
il/20-potas3ium ferrocyanide solution (21-11 g. 
per litre, standardised against pure zinc) until 
one or two drops of the solution produce a brown 
coloration with a drop of a strong solution of 
uranium nitrate (J. Amer. Chem. Soc. 1900, 22, 
198 ; 1904, 26, 4 ; 1908, 30, 26) or ammonium 
molybdate (Chem.-Ztg. 1905, 29, 951 ; J.S.C.I. 
1909, 28, 1138) solution, the latter being the 
more sensitive. 

(ii) The method is greatly improved by use 
of an internal indicator (J. Amer. Chem. Soc. 
1927, 49, 356). The solution, 100 c.c. containing 
0-10-0-16 g. of zinc, 5 c.c. of concentrated sul- 
phuric acid, 10 g. of ammonium chloride or 
sulphate, and three drops of 1% diphenyl- 
benzidine solution in concentrated sulphuric 
acid, is titrated by Jf /20-potassium ferrocyanide 
solution containing a little ferricyanide (0-2 g. 
per litre). The solution soon acquires a blue- 
violet coloration, which changes sharply to a 
pale green at the end-point. The precipitate 
having the composition K 2 Zn 3 [Fe{CN)g] 2 , 3 
atoms of Zn==2 mols. of ferrocyanide. With 
small quantities of zinc the colour may be slow 
in appearing, but addition of some of the liquid 
and suspension resulting from an accurately 
completed titration will bring this about. This 
elegant method is not always reliable, but 
deserves further investigation. 

(i) By Oxine . — Zinc is precipitated as 
Zn(C 9 H 80 N )2 and determined bromometricaUy 
(see p. 650). Separation from magnesium is 
effected both from tartrate and from acetate 
solutions (Z. anal. Chem. 1927, 71, 122, 225 ; 
Analyst, 1933, 58, 388). 

For determination of zinc in ores and alloys, 
ite J, Amer. Chem. Soc. 1907, 29, 205 ; Chem.- 
Ztg. 1905, 29, 951 ; J.S.C.I. 1905, 24, 228, 1278. 

For determination in zinc dust, see Z. anal. 
Chem. 1890,. 29, 253. 

For determination of zinc in foods, see 
Sylvester and Hughes, Analyst, 1936, 61, 734. 

Zirconiurn . — By Oxine . — ^Zirconium is pre- 
cipitated as ZrlCjHflON)^ in absence of 
chloride, and determined volumetricaUy (see 
p. 650) (Z. anal. Chem. 1935, 101, 101). 

A. D. M. and A. M. W. 

COLORIMETRIC ANALYSIS. 

Methods for the Determination of Metals and 
Acid Radicals, 

_ The principle of colorimetrio analysis consists 
m the formation of highly coloured substances 
resulting from the action of chosen reagents. 
It sometimes happens that, within certain limits, 
the intensity of the colour produced is a linear 
of the concentration of the substance 
which is being determined ; this, however, does 
not always obtain and it is then necessary either 
to prepare standards which exactly balance the 
actnal teat or to construct a curve showing the 
relation between the intensity of the colour and 
fle amount of the substance giving rise to it. In 
scussing the colorimetrio determination of lead 
sulphide method, Warington (J.S.C.I. 
93, 12, 97) stressed the importance of making 
comparisons with standards containing the same 
H antity of dissolved salts as are present in the 
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solution under examination. Later, it was 
shown by Hdl (Chem. and Druggist, 1905, 77, 
388) that “ the colour given by a definite 
quantity of lead sulphide in a solution of any 
given salt is sensibly the same for different 
concentrations of the salt, provided that the 
concentrations vary between certain limits.” 
Hence, in determining lead present as an im- 
purity in soluble colourless salts, it is now 
customary to treat a solution containing 7 or 
12 g. of the salt under examination with the 
appropriate reagents and to match the resulting 
colour against a series of standards similarly 
prepared and each containing 2 g. of the same 
substance. The degree of accuracy attainable 
by colorimetric methods appro.ximates to about 
±5%, which, having regard to the extreme 
sensitivity of many of the reactions, is generally 
■ amply sufScient for most purposes. 

Many instruments (colorimeters) are avail- 
able for measuring the colours produced by 
chemical reactions. Quite apart from these, 
a novel and useful apparatus known as the 
B.D.H. Lovibond Nessleriser has recently been 
introduced which is of special interest in 
colorimetric analysis [see p. 670). It consists 
essentially of a bakelite case for holding ver- 
tically two Nessler glasses between a reflector 
and a detachable rotating disc having nine 
apertures containing a series of graded per- 
manent glass colour standards. Each disc con- 
stitutes a series of ready-made standards 
designed for one particular test conducted under 
specified conditions. Discs are available to suit 
many of the colorimetric methods in common 
use, and the manufacturers are continually 
extending the range. 

Colorimetrio analysis finds its widest appli- 
cation in biochemical work where the determina- 
tion of minute quantities of constituent sub- 
stances is of great importance. Limitations of 
space preclude any description of these methods 
here, but many colorimetric processes are 
described under separate headings, e.g. the 
determination of ammonia and of nitrites in 
water. In this article only those metals and 
acid radicals are mentioned for which satis- 
factory methods are at present available. 
Finally, it may be observed that the principles 
of colorimetry have been applied to the deter- 
mination of the most widely diverse substances ; 
e.g, reducing sugars, vitamia-A, cholesterol, 
bilirubin, vegetable alkaloids, and also rancidity 
in fata. The technique for many of these 
tests is described under the appropriate heading. 

Metals. 

Aluminium. — The ammonium salt of aurine 
tricarboxylic acid, proposed by Hammett and 
Sottery (J. Amer. Chem. Soc. 1925, 47, 142) as a 
qualitative test, has been applied as a reagent 
for quantitative work by Lampitt and Sylvester 
(Analyst, 1932, 57, 418). For the determination, 
6 c.c. of the neutral solution under test, contain- 
ing not more than 0-06 mg. of A I are mixed in a 
flask with 2 c.c. of 5Y-HCI, 5 c.c. of 5N- 
ammonium acetate, 20 c.c. of 60% (by volume) 
aqueous solution of glycerol and 6 c.c. of a 0-2% 
aqueous solution of the reagent. The flask is 
immersed in boiling water for 6 minutes, then 
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cooled in ice water for 5 roinutcii and the con- Antimony. — Amethodusingpotas«iiiniiodide 
tenta transferred to a 50 c.c. graduated 0aak and Iodine has been proposed by Garke 
containing 3 c.c of ammonia-amnioniuin car- (Analyst, IWS, 53, 373) and is applied to the 
bonate solution made by mixing equal Tolumes determination of antimony present as impurity 
of lOA'-ammomum hydroxide and 2X- in tin. The prelimmar 3 ' separation is cirectc<l 
ammonium carbonate. After dilution to the by Reinsch’s reaction, the. mtimonj being finally 
mark, the colour of the solution is measured m dissoUcd in 20 c.e. of 25% (bj* solume) sulphunc 
a Lovibond tmtometer using a f-in. cell. The acid. Into a 100 c c. Ncssler glass, 10 c.c. of 
measurement must be made exactly 5 minutes 1% gum arable, 5 c.c. of 20^^, potassium iodide, 
after mixmg wnth the ammonia-ammonium 1 c.c. of ®‘l“eou« pj ndine, 1 c.e. of sulphur 
carbonate solution The Al content of the dioxide solution (1/10 s.xturate<l) and GO c.c. of 
solution 13 derived from the expression dilute (1 3) sulphunc acid and the solution of 
(/?— 0 55)X 11 ox 10~* g., where R is the calm antimony are addeel successively. A standard 
of the red component in Lovibond units. This antimony solution (made bj dissolving tartar 
method, although compLcated, is probably the emetic m 10% sulphunc acid and contammg 
best jet available 0-1 mg- Sb per c.c.) is run into another Kessler 



The B.D H. Lovibond Ke<«lcnscr manufactured by The Tintometer, Ltd , 
halisburj', in association WTtb The Bntisb Drug Houses, Ltd , Zxindon, K.L 


glass contammg similar quantities of reagents The yellow colour due to bismuth is matched 
(except that 80 c.c. of 1*3 sulphunc acid are against standards contammg the same concen- 
used m place of GO c.c.) until a match 13 obtained, tration of free sulphuric acid. The standard 
Kot more than 10 c.c. of standard solution should solution is prepared by dissolving 0 05 g. of 
he used in making the final determination metallic bismuth in 10 c.c. of concentrated 

Bismuth. — The jellow colour formed when sulphunc acid and diluting to 1 hire with water, 
potassium iodide is added to a solution of (•* Report of The Fiscal Policj Joint Committee, 
bismuth in dilute sulphunc acid containing a Brass, Copper and Nickel Silver Industnes, 
trace of sulphurous acid is still the most smtable on The Determmation of Bismuth in Copper, 
for quantitative work. The addition of organic 1933 abstracted. Analyst, 1935, 60, 554). 
bases such as cinehonmc (Fcigl and Nenber. Chromium. — In acid solution chromates 

Z. anal. Chem. 1923. 62, 369) or qumine (Anbry, form a soluble violet compound with diphenjl- 
J. Pharm. Chim. 1922, 25, 15}, although in- carbande and the reaction can be emplojcd for 
creasing the sensitivitj, u not scry reliable, colonmetnc determination. The liquid con- 
Tbe bismuth is di'tsohcd m sulphuric acid and taming chromate is acidified with sulphunc or 
smtably diluted ; to about 15 c.c. of the solu- acetic acid and mixed with a small quantitj of 
tion to be tested aro added 10 c.c. of2%eolution a 02/o eolution of diphcnj Icarbaxide in a 
of potaasium iodide, any free iodine which may mixture of 1 part of glami acetic acid snd 
be hbCTatcd is removetl by adding 0 6% snl- 9 parts of alcohol. Chroaium saJ(s in solution 
phurous acid, and the liquid dilut^ to 30 c.e. may be first oxidised by actdifjing with a 
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mineral acid and adding a little bromine water 
followed by excess of sodium hydroxide. After 
mixing, the excess of bromine is removed by the 
addition of a trace of phenol, the reagent added 
and the mixture acidified with dilute sulphuric 
acid. Hg, Mo, Co, Cu, Pb, Ni, and Ag all 
interfere ; permanganate, if present, may be 
removed by boiling with alcohol. The test is 
sensitive to 1 part in more than a hundred 
millions (Cazeneuve, Compt. rend. 1900, 131, 
346 ; Stover, J. Amer. Chem. Soo. 1928, 50, 
2363). 

Cobalt. — This metal is conveniently deter- 
mined by using c-nitroao-|8-naphthol. A re- 
agent solution is prepared by boiling 0-1 g. of 
the solid with 20 c.c. of water and 1 c.c. of dilute 
sodium hydroxide, filtering and diluting to 
200 c.c. To the neutral or slightly alkaline 
solution to be tested are added 5 c.c. of alkaline 
ammonium citrate solution (600 g. of citric acid 
dissolved in 250 c.c. of water and 500 c.c. of 
ammonia sp.gr. 0-880) and 1 c.c. of the reagent 
and the mixture diluted with water to 100 c.c. 
A claret colour is formed in the presence of 
cobalt. The method is suitable for concentra- 
tions between 0-01 and 0-1%. Fe, 2n, and 
Pb do not interfere, but more than traces of 
Cu, Ni and Mn should be removed (Atack, 
J.S.C.I. 1915, 34, 641T ; Jones, Analyst, 1918, 
43, 317). According to Bellucci (Gazzetta, 1919, 
49, 294), jS-nitroso-a-naphthol is about 8 times 
more sensitive than a-nitroso-^-naphthol. 

Chiarottino (L’Ind, Chimica, 1933, 8, 32) has 
proposed the use of a freshly prepared alcoholic 
solution containing 0-5% of benzidine and 0-25% 
of dimethylglyo.xime, 1 c.c. of which is added 
to 60 c.c. of the solution under test, previously 
acidified with hydrochloric acid and containing 
2 g. of ammonium acetate. An intense orange 
colour is produced by cobaltous ions, O-Ol mg, 
Co giving a distinct reactipn. Relatively large 
amounts of Pd, Hg, Ai, Ba, Sr, and Ca are 
without influence, but Sn, Cu, Cr, and more 
than traces of Fe interfere ; Ni may be first 
removed with dimethylglyoxime. The test is 
inapplicable in the presence of sulphates. 

Copper. — Dithio-oxamide (rubeanio acid), 
suggested ns a test for copper by Ray and Ray 
(Quart. J. Indian Chem. Soc. 1926, 3, 118) has 
been employed for colorimetric work by Allport 
and Skrimshire (Quart. J. Pharm. 1932, 5, 461), 
who also give a process for determining traces 
of copper present in iron salts. To 50 c.c. of 
the neutral solution under test, containing not 
more than 0-06 mg. Cu, 1 g. each of ammonium 
acetate and acetic acid are added, followed by 
1 c.c. of a 0-1% alcoholic solution of dithio- 
oxamide, and thejyellow to olive-green coloration, 
is matched by preparing standards. No com- 
monly occurring colourless ions interfere. To 
determine copper in iron salts and medicinal 
preparations, the material (about 2 g.) is oxidised 
by heating with sulphuric acid and 30% hydro- 
gen peroxide, the residue dissolved in hydro- 
chloric acid and the solution treated with citric 
acid followed b 3 ’ a slight excess of ammonia ; 
the copper is then extracted bj- shaking with a 
0-1% chloroform solution of diphcnylthio- 
carbazone, the extracts evaporated to drj-ness, 
the exces.s of reagent in the residue destroj-ed 


by wet-combustion and the resulting aeid solu- 
tion diluted, neutralised and examined for 
copper as above. 

Sodium diethyldithiocarbamate is also fre- 
quently employed, but manj' other metals 
interfere (Delcpine, Compt. rend. 1908, 146, 981 ; 
Callan and Henderson, Analyst, 1929, 54, 650). 
For the determination of traces of copper in 
iron salts, removal of iron by ammonia is in- 
applicable owing to partial adsorption of copper 
by ferric hydroxide (Hamence, Trans. Faradaj' 
Soc. 1934, 30, 299). Haddock and Evers 
(Analyst, 1932, 57, 495) avoid this difficulty bx- 
extracting the coloured copper compound 
formed when the reagent is added to alkaline 
ferric iron solutions containing ammonium 
citrate by means of carbon tetrachloride and 
measuring the depth of the resulting coloured 
extract with a Lovibond tintometer, the value 
of the yellow units being correlated with the 
amount of copper present. The method is 
convenient, but is inapplicable in the presence 
of more than 0-1 g. of iron. The same reagent 
is employed by Sylvester and Lampitt (Analyst, 
1935, 60, 376) for the determination of copper 
in foods, the preliminary isolation being effected 
by extraction with diphenylthiocarbazone. 

Iron. — ^Thioglycollic acid which, in the pre- 
sence of ammonia, produces a purple colour with 
a trace of either ferrous or ferric iron, is the 
most useful reagent for colorimetric determina- 
tions (I.yons, J. Amer. Chem. Soc. 1927, 49, 
1916). Citric acid is added to the neutral or 
slightly acid solution under test, followed by 
0-2 c.c. of thioglycollic acid ; on rendering 
slightly alkaline with ammonia, the colour due 
to iron develops to a maximum in about 2 
minutes and is permanent for 16 minutes. The 
test is sensitive to 1 part of iron in 5 million 
parts of solution. Co, Ni, Cr and oxidising 
agents interfere, but otherwise the test is 
applicable in the presence of many of the 
common metals and acid radicals. Sulphites 
should be oxidised with potassium permanganate 
and excess of the latter removed with oxalic 
acid. 

Lead. — ^The well-known sulphide method is 
still probably the best. For an account of pre- 
cautions which should be observed and details 
for securing accurate results, see Reith and do 
Beus (Z. anal. Chem. 1935, 103, 13 ,- Analj'st, 
1935, 60, 830). A method for the isolation of 
traces of lead from organic material and from all 
other common metals except bismuth and thal- 
lium has been worked out by Allx>ort and 
Skrimshire (Analyst, 1932, 57, 440). 

Magnesium. — The “spot test” employing 
p-nitrobenzeneazoresorcinol may be modified 
for the colorimetric determination. It is neces- 
sary to add a protective colloid siich as sfarch- 
glyceritc.^ Owing to the interference of other 
metals the method has onlj- a limited apjili- 
cation. Titan-j’cHow', proposed as a reagent 
for magnesium by Kolthoff (Chem. Wcekblnd, 
1927, 24, 254), is useful although the sensitive 
range is limited. . Traces of magnesium in 
calcium salts may be separated without loss bj- 

^ A fransp-ircnt jcllj- made by boating at 140' a 
mixture of 3u g. of starch. 20 c.c. ofw.-iter, and 70 c.c. 
of glycerol. (Thrun, Ind. Eng, Chem. Anal.], 1030, 2, 8), 
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adsorption and aubeequently determined as 
follows : To the boiling solution to be tested 
(containing about 0-4 g. Ca), occupying a volume 
of approximately 40 c.c. and sbghtly acidified 
with acetic acid, are added slowly 22 c.c. of 
10% ammonium molybdate solution and the 
mixture is boiled for 15 minutes. After cool- 
ing, the volume is adjusted to 50 c.c. and the 
muture filtered. An appropriate qnanti^ of 
the filtrate is diluted to 20 c.c. with water, and 
0 5 c.c. of a 0 1% aqueous solution of titan- 
ycUow added, followed by 10 c c. of 6A’-NaOH. 
The standards for comparison should not con 
tarn more than 0 03 mg. Mg, smee the pink 
colour produced doea not show clear gradation 
with larger quantities (“ ' AnalaR ’ Standards 
for Laboratoiy Chemicals," 1837, p. 61). 

Manganese. — Oxidation to permanganate by 
means of periodate ia heat for colorimetric work. 
The reaction is conducted in mineral acid solu- 
tion by 10-15 minutes’ boiling with an excess 
of potassium periodate and th^e resulting pink 
colour matched with appropriate standards. 
Any reducing substances which may be present, 
such as ferrous iron, should be oxidised by 
preliminary boiling with nitnc acid, Tb& effect 
of ferric salts on the final colour should be 
counteracted by introducing the same amount 
into the standards (WiUara and Greathouse, 
J. Amer. Chem. Soc. 1817, 39. 2366). 

Molybdenum. — The thiocyanate reaction 
first described by Braun (Z. anal. Chem. 1867, 
6, 86) can be applied quantitatively. To the 
solution containing between 0 001 and 10 0 mg. 
of molybdenum are added 8 c.c. of coocentratra 
hydrochlone acid, 6 c.c. of 2% aqueous solution 
of stannous chloride and 5 c.c. oi 10% aqueous 
solution of potassium thiocyanate, and the 
mixture is diluted to 50 c.c. with water. The 
red colour produced attains its maximum 
intensity m 5 minutes and may be matched 
directly against standards, or extracted with 
ether. Hurd and Allen (Ind. Eng. Chem. (AnaL], 
1835, 7, 386) found that with low concentrations 
of acid (0 6%) the colour reaches a maximum in 
8 minutes and then fades, but with 5% of 
hydrochloric acid some fading occurs in the 
first few mmutes, but thereafter the colour 
remains nearly constant ; these tests were 
conducted m the presence of 1% of potassium 
thiocyanate and 0 8% of stannous chloride. A 
higher Concentration of hydrochloric acid in- 
duces fading. Not less than 0 6% of potassium 
thiocyanate should be present in the final 
mixture, and the concentration of stannous 
cliloride should exceed 0 1%. If sulphuric and 
IS employed, the final mixture should contain 
10%. These investigators found that extraction 
of the colour with butyl acetate (James, ibtd. 
1932, 4, 69} gave anomalous results. 

Nickel. — Dimethylglyoxime iu association 
with sodium hypochlorite yields a reddish-brown 
colour with niwel which is permanent for several 
hours (Jones, Analyst, 1029, 54, 582). The 
solution to be tested, which should be slightly 
ammoniacal and contain between 0 Oi and 
0 1 mg. Ni, is diluted to 100 c.c. with water and 
mixed with 2 c.c. of an almost saturated alcoholic 
solution of dimethylglyoxime ; 1 c.c. of sodium 
hypochlorite solution is tlien added, the resulting 


colour being compared with standards similarly 
prepared. The colour develops to its maximum 
intensity In a few mmutes. 

Silver.— The recent application of this metal 
as a sterilising agent has added importance to 
its colorimetric determination. The qualita. 
tive test usmg p-dimethylaminobenzalrhodanine 
(Fcigl, Z. anal. Chem. 1928, 74, 380) has been 
apphed quanffiatively by Schoonover (Bur. 
Stand- J. Res. 1935, 15, 377). The neutral 
solution to be tested is mixed with Q 5 c.c, of 
4A’-HNOj and sufficient water to produce 
15 c.c- To this mixture 0 5 c.c. of a 0 02% 
alcobohc solution of p-dimetbylaminohenzal- 
rhodanine is added, and the pmk or red colour 
produced matched against standards prepared 
with silver nitrate solution. The test is appbe- 
able to solutions containing between 0 06 and 
9 0 mg. of Ag per litre. Soft glass adsorbs silver 
and It IS best to employ apparatus made of 
fused silica, but, provided the solutions be not 
warmed, Fyrex glassware may be used. Au. 
Pt, Pd, and nnwalent Cu and Hg also react, 
while calcium carbonate, sodium nitrate and 
ammonium nitrate mcrease the depth of the 
colour due to silver if any of them are present 
in amount greater than 1 mg. per htre. Chlorides 
may be removed by evaporatmg the test solu- 
tion with nitric acid in a silica dish 
Tin.— Although a number of colour tests have 
been proposed, no reaUy satisfactory quantita- 
tive method is available. A study of the 
cacotbehne test (Newell, Ficklen and Maxfield, 
Ind. Eng. Chem. [Anal.j, 1935, 7, 36) has shown 
that It » quite unsuitable for quantitative work 
and ^at, even as a quahtative test, it ia subject 
to coneiderablo bmitations. The most promising 
process for colonmetno work la that proposed 
by ButUg (Chem.-Ztg. 1923, 47, 341) and 
modified by Feigl (ihid. p. 561). In the following 
description further alterations have been made 
by the writer, in whose hands the method baa 

f iven encouragmg results. A reagent is made 
y dissolving 1 g. of molybdenum tnozida in 
16 c.c. of A'-NaOH, dilutmg with 10 c.c. of 
water end acidifying with 3 c.c. of N-HCI ; 
70 g. of ammonium acetate are dissolved in 
120 c.c. of water and added to the molybdenum 
solution, and the mixture diluted to 200 c.c. 
with more water. The neutral solution under 
tes^ containing between 0 1 and 1*0 mg. of 
bivalent tin, is mired with 5 c.c. of the above 
reagent and 10 c.e. of 3N-HC1, and the liquid 
finally diluted with water to 50 c c. The blue 
colour produced attains its maximum intensity 
m about 2 minutes and is permanent for some 
houn. The teat la apphcable in the presence of 
appreciable amounts of Zn, Cd, As, Sb, Al, 
Ba, Ca, and Mg and smaller quantities (large 
relative to the Sn) of Cu, Pb, and Fe. All 
these, however, tend to alter the shade of colour, 
and the standards should contain approximately 
the same quantities of substances other than tin 
which are present in the solution under examina- 
tion. The method might be used for the deter- 
mination of traces of tm occurring in zinc die 
castings. When the test is conducted as 
described above, extraction of the colour with 
amyl alcohol, as suggested by Feigl, is in* 
apphcable. 
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Substituted l:2-dimercaptobenzenes have been 
suggested for the colorimetric determination of 
tin by Clark (Analyst, 1936, 61, 242), and 4- 
methyI-l:2-dimereaptobenzene (“ dithiol ”) is 
commercially available. A few drops of a 
freshly prepared solution containing 0-2% 
of this reagent and 0-4% of thioglycollic acid 
in 1% aqueous solution of sodium hydroxide 
is added to the liquid under test which should be 
previously acidified with hydroehloric acid ; a 
red precipitate is produced in presence of bi- 
valent and quadrivalent Sn. Most other heavy 
metals give yellow precipitates, but those due to 
Cu, N i and Co are black, while Bi forms abrick- 
red compound. Satisfactory quantitative results 
can be obtained by adding agar-agar and measur- 
ing the colour by reflected light using a Lovibond 
tintometer (Clark, Analyst, 1937, 62, 661). 

Titanium. — The method originally proposed 
by Weller (Ber. 1882, 15, 2593) in which hydro- 
gen peroxide is emploj^ed has not been improved 
upon by the newer reagents. The sodium salt 
of chromotropic acid, proposed ns a test for 
titanium by Hofmann (Diss., Jlunich, 1902), 
although useful for qualitative purposes, is not 
so satisfactory in colorimetric work owing to the 
strong coloration produced by traces of iron. 
In applying the hydrogen peroxide method the 
solution to be tested, which may be derived 
from a potassium pyrosulphate fusion of the 
original sample, should contain not less than 
6% of sulphuric acid. An appropriate quantity 
is transferred to a Ncssler glass, 2 c.c. of 3% 
hydrogen peroxide added and the mixture 
diluted to 50 c.c. with 5% sulphuric acid ; in 
the presence of titanium a 3'ellow colour is 
produced. A standard solution is prepared by 
heating 0-3 g. of potassium titanifluoride with 
several successive portions of concentrated sul- 
phuric acid in a platinum dish until all the 
fluorine is evolved, care being taken not to 
evaporate to dryness, and finallj' diluting to 
1 litre with 5% sulphuric acid (1 c.c.=0T mg. 
TiOj). Cr, V, Mo interfere since they also 
give colours with hydrogen peroxide. 

Vanadium. — The intensity of the brownish- 
red colour produced by the action of hydrogen 
peroxide upon acidified vanadate solutions 
depends upon the relative proportions of the 
oxidising agent, free sulphuric acid and vanadium 
present. Mej’cr and Pawletta (Z. anal. Chem. 
1926, 69, 15) find that a considerable excess of 
acid is required and that the ratio V : 
should not exceed unity. The substance to be 
tested is fused with sodium carbonate or nitrate, 
the mass dissolved in 15-20% sulphuric acid, 
and after some minutes the solution is treated 
with one drop of 3% hj'drogen peroxide. Under 
these conditions it is stated that the test will 
detect 1 part of V in 160,000 parts of liquid. 

Acid Eadicals. 

Fluorides. — ^The oolorimetric method de- 
pending upon the bleaching action of fluoride ions 
on acidified pertitanate solutions was originally 
proposed bj' Steiger (J. Amer. Chem. Soc. 1908, 
30, 289) and developed bj’ Merwin (Amer. J. 
Sci. 1909, 28, 119). To about 50 c.c. of the 
approxinmtelj’ neutral solution under test are 
added 10 c.c, of 65% sulphuric acid, 3' c.c. of 
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3% hydrogen peroxide and 10 c.c. of standard 
titanium sulphate solution. The mixture is 
diluted to 100 c.c. and the tint compared with 
that of mixtures made with known amoimts of 
fluorine prepared from standard sodium fluoride 
solution. The titanium sulphate solution is 
prepared in the same way as indicated in the 
description of the colorimetric determination of 
titanium, excepting that it should be ten times 
stronger (1 c.c.=l-0 mg. TiOj). Eor the deter- 
mination of fluoride in basic slag by this method 
see Warren, Gimingham, and Page (J. Agric Sci. 
1925, 15, 516) whose method is given by Mitchell 
and Ward (“ Modem Methods in Quantitative 
Chemical Analysis,” Longmans, Green & Co., 
1932). 

Nitrates. — Kolthofif and Noponen (J. Amer. 
Chem. Soc. 1933, 55, 1448) recommend a 
0-006Jlf solution of sodium diphenylamine- 
sulphonate as a convenient reagent. To 10 c.c. 
of the cold solution to be tested, containing 1% 
of potassium chloride, are added 10 c.c. of con- 
centrated sulphuric acid, the mixture being kept 
cool under running water, and 0-1 c.c. of the 
reagent. Standards are prepared with 1% 
potassium chloride solution containing from 0-1 
to S-0 mg. of nitrate per litre. The interference 
of nitrites can be eUminated by boiling with 
ammonium chloride ; urea should not be used 
since it disturbs the formation of the colour due 
to nitrate. Blom and Treschow (Z. Pflanz. 
Dung. 1929, 13, A, 159) employ 2:4-xy]enol as a 
reagent for the colorimetric determination of 
nitrates occurring in soils and plants. The 
6-nitro-2:4-xylenoI formed by the reaction is 
volatile in steam and gives an intense coloration 
with sodium hydroxide. MeVey (J. Assoc. Off. 

I Agric. Chem. 1935, 18, 459) has applied the 
method to meat products. 6-10 g. of the 
minced sample are extracted by heating with 
80 c.c. of water for an hour, the mixture cooled, 
diluted to 100 c.c,, filtered, and 40 c.c. of the 
filtrate rendered just acid by means of sulphuric 
acid to bromocresol-green indicator. Nitrites 
are oxidised by adding 0-2N-potassium per- 
manganate drop by drop until a faint pink 
colour persists for 1 minute ; the proteins are 
then precipitated by adding 1 c.c. of 10% 
sulphuric acid, followed by 1 c.c. of 20% 
solution of phosphotimgstic acid. The mixture 
is diluted to 60 c.c., and an aliquot part of the 
filtrate, containing 0'16-0’25 mg. of nitrate and 
not exceeding 20 c.c. in volume, is treated with 
silver ammonium hydroxide solution (see below) 
to precipitate any chlorides and to remove 
excess of phosphotungstic acid. Three volumes 
of 85% sulphuric acid are now added, the 
liquid cooled to 35°, and treated with three drops 
of a 1% aqueous solution of 2:4-xjdenol ; the 
product is maintained at 35° for 30 minutes, 
then diluted with 100 c.c. of water, and 60 c.c. 
of the liquid are distilled into a receiver contain- 
ing 5 c.c. of 1% sodium hydroxide ; the liquid, 
which will bo coloured yellow or orange-red if 
nitrates are present in the sample, is diluted to 
an appropriate volume. A standard distillate 
is prepared by mixing 1 e.c. of 0'0375A’’-nitric 
acid (1 c.c. =0-5 mg. nitrate nitrogen) with 4 c.c. 
of water and 15 c.c. of 85% sulphuric acid, 
cooling to 35°, and carrying out the nitration 
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and distillation as described above. After dilu* 
tion to 500 0 c.. suitable quantities are empIo]red 
to make a senes of standards m Nessler glasses. 
The Sliver ammonium hydroxide solution is 
made by dissohing 5 g. of silver sulphate m 
60 c.e. of lO'Jo ammonia, boiling until the 
volume is reduc^ to 30 c.e. and then diluting 
with water to 100 c.e. 

Phosphates. — Denigjs’s modification of the 
coenileomolybdic-stannous chloride test {Compt. 
rend. 1920, 171, 802) has been improved by 
Truog and Meyer (Ind Eng. Chem. [Anal.], 1929, 
1, 136). To the neutral solution under test are 
added 4 c c. of a 2 5% solution of ammonium 
molybdate m lON-suIphunc acid and 0 3 c.e. of 
freshly prepared stannous chloride solution 
(2'5% SnCl^.SHjO m 10% concentrated hydro 
chloric acid) and the mixture diluted to 100 o c. 
The blue colour produced should be matched 
within 10 minutes. The standard solution 
(1 c.c.=^0 OOo mg. P) IS made by dissolving the 
appropnate amount of potassium dihydrogen 
phosphate in 0 OOI^-suIphuric acid. The test 
IS sensitive to 0 003 mg. P. Up to 700 ppm. 
of SiOj may bo present without influencing the 
results, bnt more than 6 p.p.m. of ferric iron or 
20 pp.ra. of TiOj interfere, while 200 ppm. 
of potassium nitrate reduce the colour intensities 
by about 10% Appreciable quantities of Al, 
Mn. Ca and Mg do not affect the resulu 
Arsenates behave similarly to phosphates but 
may be first reduced by treatment with hydrogen 
sulphide m acid solution and the test for phos 
hates subsequcRtlv applied after the liquid 
as been well boiled and sulphur removed 
by filtration with paper pulp Of the tests 
using organic reducing agents that pro 
posed by Tschopp and Tschopp (Helv. Chim 
Acta, 1932, IS, 793) is the most reliable. To 
25 c.c. of the solution under test arc added let. 
of ammonium moly bdate solution (5% in 
jV-HjSO|) and 2 c o. of a solution containing 

0 1% ofp-mcthylaminophenol sulphate (metol), 
20^0 of sodium metabisulphitc and 0 5% of 
sodium sulphite (crj-stal). The mixture is 
warmed to 60° for 10 minutes, cooled, diluted 
to 50 cc. and the blue colour matched with 
at-andanJs stniihr}}' jvepared. The teat will 
detect 0 004 mg. P j it responds to edicates, 
but under the above conditions it is seventeen 
times less sensitive to silicates than to 
phosphates. 

Silicates. — The colonmetnc method depend, 
ing upon the production of a yellow colour on 
the addition of an acid solution of ammomum 
molybdate introduced by Schreiner (J. Amer. 
Chem. Soo. 1903, 25, 1056) was modified by 
Isaacs (Bull. Soc. Cbim. biol, 1924,6, 157), who 
employed sodium sulphite in order to form the 
blue complex. Several alternative reducing 
agents have been recommended by subsequent 
investigators. Phosphates also react but Pam 
and Seoul (J. Pharm.Chim. 1933, [viuj, 18, 513) 
prevent their interference by aading ammonium 
citrate and RodiUon (Dull. Biol. Pharni. )934, 
1, 33) has further modified the rovlhod with the 
object of depressing the sensitivity to phm- 
phates. The solution to he tested is acidiheil 
with dilute sulphuric acid, and 1 c.c. mixcil with 

1 c.c. of a solution of ammonium molybdate, 


1 c.c. of 95% alcohol and I c c. of ammonium 
citrate solution (2 g. of citnc acid in 10 c.c. of 
water and 10 c.c. of strong ammonia) and the 
mixture heated to 60° until the yellow colour 
18 fuUy developed. After cooling 0-35 g. of 
hydrotylaminc hydrochloride and 0 33 g. of 
s^um hyposulphite are dissolved in the 
mixture, which is then diluted to 10 cc., or 
other convenient volume, filtered if necessary, 
and the blue colour matched, against standards 
similarly prepared. The standard sihcato solu. 
tion IS conveniently made by fusing 0 05 g of 
pure sihca with 2 g, of sodium bicarbonate and 
diluting the solution of the fused mass to 500 c c. 

Sulphates. — Hubbard’s method (J. Biul. 
Chem. 1927, 74. V ; 1930, 88. 663) has been 
modified by Cuthbertson and Tompsett (Bic- 
cbem. J. 1931, 25, 1237). It is applied to the 
determination of sulphates in blood, but the 
process should be suitable for general appli- 
cation where minute quantities have to be 
determined. To 2 5 c.c. of the liquid to be 
tested, contained in a 15 c.e. centrifuge tube, 
are added 5 c.c. of a 0 5% solution of bcnzidino 
in acetone. After mixing, standing for 30 
minutes, and ccntnfugmg. tbe supernatant 
bquid IS poured off, tbe precipitate of benzidine 
sulphate washed twice with acetone, and the 
tube inverted over filter paper until the interior 
has dried The precipitate is then dissolved by 
warming with 1 c.c. ot N'HCI and, after cooling, 

0 3 c c. of a 0 1% aqueous solution of sodium 
nitrite is added, followed after the lapse of 

1 minute, by 2 5 c c of a 15% aqueous solution 
of sodium hydroxide and then 3 5 c.c. of a 1% 
solution of thymol in 10% aqueous sodium 
hydroxide. The red colour produced is com* 
pared with standards made by mixing 2 cc. of 
standard benzidine hydrochloride solution with 
1 c.c. of sodium nitnte solution and, after 
standing 1 minute, adding 5 c.c. of 15% sodium 
hydroxide, shaking and mixmg w ith 5 c c. of the 
alkaline thymol aolution. The standard benzi* 
dine hydrochloride solution is prepared by 
diluting a 0 4014% Eolution of the hy drochloride 
in A'.HCI (1 c.c. of which is equivalent to 
0 5 mg. of sulphur) so that a senes of standards 
/» obta//ieel in }rliick 1 ec. contBins bemuhne 
equivalent to 0 0025 up to 0 OS mg. of sulphur. 

Dibltography. — Ercund, “ Colorimetry : its 
Applications to Anily ticaland Clinical Practice," 
English trans , Baraford, published by Author, 

I Vienna ; SnellandSnell," Colorimetric Methods 
of Analysis including some Turbidomctnc and 
Nephelometric Methods " (Vol. 1. — Inorganic). 
London, Chapman and Hall, 1936. N. L. A. 

GAS ANALYSIS. 

The Methods of Gas Analysis. — Methods 
of gas analysis may conveniently be grouped 
under the following heads : (i) Volunetrie 

ifethods — (This terra is here restricted to pro- 
cesses m which pai volumes are measured.) 
The pnnciple, which was worked out by' 
Cavendish and by Bunsen (" Gasomctnsche 
Methoden," 2nd cd. 1887) is to iniasiire the 
volume (i.f. molar quantity) of a gas i-amplc, 
and by fneans of sclectiie ibdnic.tl rcaition* 
remove the various constituents iii succession, 
the quintitics so rcniovtsl living measured by 
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the resulting diminutions in volume, (ii) Special 
Chemical Methods . — These comprise colorimetric, 
titrimetric, and gravimetric methods, and are 
generally used where volumetric methods are 
inapplicable, owing to the nature of the gases 
present, or to the small proportion of the con- 
stituent tested for. (iii) Physical Methods . — 
In these, constituent gases are determined by 
virtue of their physical properties. 

Sampling. — The two important considera- 
tions in taking a gas sample are (i) the taking 
of a representative sample, and (ii) subsequent 
protection of the sample from change in com- 
position. In sampling gases from large bottles, 
autoclaves, etc., care must be taken to ensure 
that adequate mixing of the constituents has 
taken place. With cylinders, especially those 
containing a liquid phase, the composition of 
the gases taken from a full and from a partly 
empty cylinder are not necessarily the same. 
Gases flowing through large pipes may differ in 
composition between the sides and middle of 
the pipe ; in such cases the sampling tube is 
made to pass through the pipe from one side 
to the other, and is pierced with holes (of 
appropriate different sizes) at different points, 
in such a way as to give a representative 
sample. For flue gases, the open end of the 
sampling tube should be exposed to the main 
current of ascending gases ; the exact place 
for the sampling tube is chosen by trial from 
results of tests carried out to show which position 
gives the best indication of fluctuating firing 
conditions. For taking representative samples 
of gases of fluctuating composition, devices have 
been described by Gray (J.S.C.I. 1913, 32, 1093) 
and by Pe.xton and Hutchison (ibid. 1929, 48, 
242). Where gas of fluctuating composition is 
being generated at a fluctuating rate, devices 
are used to take the sample at a rate propor- 
tional to the rate of production (see “ Fuel 
Besearch Board, Report for Year ended 
31/3/1929 ”). 

A convenient vessel for taking samples of up 
to 100 ml. is illustrated in Fig. 1. Admission 
of air during sampling is prevented by blowing 
or drawing gas tlwough the side-branch to 
remove air from the connections. Samples for 
precise analysis should be stored over mercury ; 
if stored in vessels of the type shown in Fig, 1, 
the gas should be at slightly positive pressure, 
and the capillaries leading to the taps filled 
with mercury. The most satisfactory waj' of 
storing small samples (up to 50 ml.) is in 
inverted test-tubes standing in a mercury 
trough. This involves, however, the use of a 
vessel with a siphon tube, and a suitable 
mercury trough, for transferring the sample to 
the analysis apparatus. 

Rubber connections should be as short as 
possible, particularly where cither hydrogen or 
carbon dio.xide is an important constituent of 
the gas. For the sampling of hot gases, tubes 
of porcelain, or, whore there is no danger of 
corrosion, iron, may be used. 

Volumetric Analysis. 

Apparatus for volumetric gas analysis consists 
essentially of (i) a device for measuring gas 
volumes, and (ii) devices for submitting the gas 


to the action of absorbents or other chemical 
agents. The t 3 'pe to be chosen out of the large 
number of such instruments which have been 
designed for various purposes depends on the 
approximate composition of the gases intended 
to be analj-sed, and on the accuracj' required. 

Measurement. — The measurement of molar 
quantities of gas involves measurement of 
volume, pressure, and temperature. In practice, 
it is carried out according to one of two general 
methods ; (i) measurement of volume in a 

graduated vessel, at a constant pressure (usualty 
atmospheric), or (ii) confining the gas in a 
constant volume and measuring its pressure by 
means of a mercury manometer. The gas must 
be kept either free from water vapour or else 
saturated with it ; the latter practice is almost 
universal (except in micro-anal 3 ’’sis, p. 680). 
Temperature is kept as constant as possible ; 
changes of temperature during an anal 3 'sis affect 
the apparent molar quantity according to the 
relation P V—RT, and, in addition, according to 
the change of vapour pressure of water with 
change of temperature. With man 3 ' t 3 'pes of 




constant -pressure apparatus, the effect of 
variations in temperature (and also barometric 
pressure) is eliminated by the introduction of a 
“ compensator ”, one t 3 'pe of which is shown 
diagramniaticaily in Fig. 2. In this apparatus, 
the pressure of the gas in the measuring tube B 
is, by means of the differential manometer M, 
brought to the same pressure as that of a fixed 
quantit 3 ' of air in the tube C ; since the effect 
of temperature on the gas and moisture con- 
tained in this constant volume is the same as 
that in M, variations in temiierature are 
thus compensated automatically. For special 
analyses, involving volume measurements ac- 
curate to 0-01%, the differential manometer 
shown may be replaced by a tilted water mano- 
meter- sensitive to 0-02 mm. of mercur 3 -, which 
allows volumes to be adjusted to the equivalent 
of 0-003% on the total volume. 

As regards the treatment of the gases with the 
chemical reagents, some instruments are fitted 
with an absorption chamber which is sucecs- 
sivel 3 ’ filled with the appropriate reagent.', while 
others are fitted with vessels kept permanently’ 
filled with each of the reagents, the gas being 
introduced'into them in succession. A few of the 
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more important instnimenU are brieBj' described 
below. 

OrjaJ Apparaita.— This is a convenient and 
widely us^ portable instrument for analyses of 
approximate accuracy (0 S%) and is illustrated 
m a simple form in Fig. 3. The gas is confined 
over an aqueous liquid (e^. 22% NaCI, con- 
centrated CaClj* S0% glycerin) and is measured 
in a graduated burette of S&*100 ml. volume. 
The gas is brought to atmospheric pressure hy 
JevelLng with the reservoir shown at the bottom 
of the apparatus. For absorption, the gas is 
transferr^ to any one of a number of absorption 
pipettes, which are all connected, through a 
manifold of capillary tubing, to the measunug 
burette ; the usual absorbents are alkali (for 
COf), pyrogallol (for Oj) and cuprous chlonde 
(for CO). In Lunge's form of the Orsat 
apparatus, combustion of hydrogen, etc , is 
effected by passing the gas through a heated 


eimpler forms. »jc Lungesnd .Ambler, ‘ Technical 
Gas Analjsts,” London. 1934, p. 51 el seq. 

BoneAl'heeUr Apparatut — This apparatus 
and its modifications is probably tlie mo't widelv 
used instrument for exact analjsis in Great 
Britain. It is illustrated in a simple form in 
Rg 4. Gas is measured at constant volume in 
the limb A of the water-jacketed (J-tiibc, tiio 
pressure being measured by the height of the 
column of mercury in the limb B, which is 
graduated in millimetrea. The hmb A has ,i 
senes of graduations comciding in level with 
each integral 100 mm. mark on B. The heights 
of A and B are such, that when a measurement 



capillary tube containing palladiscd asbestos 
(p. 680) This tube, which is heated externally 
by means of a small spint-lamp, is placed 
between the manifold and a pipette filled with 
the confining solution. In other designs, com 
bustion is effected by explosion, or by means 
of a heated platinum wire (Sodeau, Chem. 
XcBS, 1904, 89, 61). la the Hays apparstus, 
the glass taps are replaced by needle- valses. 
The Orsat tj-pe of apparatus has the advantages 
of portabihty and iimphcity of manipulation, 
but can used, at least in its compact and 
simple form, for only a small number of con- 
stituents. in the U.S.A., instruments of the 
Orsat type have been developed into high-pre- 
rision instruments, which have mercury as 
confining Lquid and are not at all portable. 
For details of such instnimeats, see Burrell and 
Oberfell, J. Ind. Eng. Chem. 1916, 8, 228, and 
Shepherf, Bur, Stand, J. Res. 1931, 6, 121 ; and 
for fuller details of the 0/sat apparatus in its 



IS being made, the closed space above the 
mcrciuy in £ is A Tornceihan vacuum except for 
water vapour, both limbs being kept saturateH 
with water by means of a small quantity of dilute 
Bulphuric acid (2-5%). Absorption is earned 
out in the vessel F, which stands in a mercury 
trough ; the capillary three-way tap at the top 
connects to the measuring vessel and to a 
bottle or other vessel connected to a filter pump 
or other exhausting apparatus, by means of 
which the reagent, introduwd into F by means 
of s pipette, may be removed alter a^orption 
has taken place. Combustible gxses are deter- 
mined by explo'ion with air in the vessel K, 
which Is fitted with a spark-gap. In a number 
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of modifications (e.g. King, Fuel in Science 
and Practice, 1922, 1, 103 ; Donnelly, Foott 
and Reilly, Sci. Proc. Roy. Dublin Soc. 1929, 
19, 1G5 ; Smith, Gas World, 1919, 71, 342), 
a copper oxide tube (p. 080) is fitted. The Bone- 
Newitt apparatus is a modification in which 
the movement of the mercury is controlled from 
the water supply by means of a special three-way 
water tap. For details, see Himus, “ Fuel 
Testing ” (1924), pp. 185-190. 

Haldane Apparatus . — This is a specialised 
apparatus for the determination of carbon 
dioxide, oxygen and relatively small quantities 
of combustible gases. The gas is measured 
at constant volume in a pipette the graduations 
of which usually cover 20% of the total 
volume ; a compensator is an integral part of 
the instrument. Carbon dioxide and oxygen 
are absorbed by alkali solution and alkaline 
pyrogallol respectively, kept in special vessels 
connected to the measuring vessel ; combustions 
are carried out in a separate vessel fitted with a 
platinum wire which can be electrically heated 
(p. 679). The accuracy attainable is of the 
order of 0'01%. The main application of the 
Haldane apparatus is air-analysis. It is also 
made in a portable form. 

Amhlcr Apparatus . — The laboratory apparatus 
is a constant- volume apparatus ; the measuring 
vessel consists of three bulbs giving capacities 
of 1, 5, and 10 ml. ; pressures are measured on 
an external mercury manometer connected to 
the measuring vessel by rubber tubing. The 
measuring vessel is connected by a fused glass 
joint to a bulb (fitted with spark-gap) which 
serves both for absorptions and for explosion. 
A portable apparatus is iOustrated in Fig. 6. 
Gas is measured in the graduated burette either 
nt constant pressure or at constant volume, the 
pressure being measured by a manometer stand- 
ing at the side of the measuring burette. The 
manometer can also bo used to correct readings 
obtained at approximately constant pressure 
(by rough levelling of the mercury reservoir 
with the mercury in the burette) to conditions 
of precisely constant pressure. Absorption and 
combustion are carried out in a vessel which is 
connected to the measuring burette through a 
three-way tap ; the gas does not come in con- 
tact with any rubber connections during the 
analysis. Combustion is elTected by means of 
elcctrically-hcnted platinum wire. The ac- 
curacy attainable is 0'1% on the total gas. 

Determination of Constituent Gases. 

With all these types of apparatus, the methods 
of determination of the constituent gases are 
similar. The main sources of error in deter- 
mination by absorption are (i) incomplete 
absorption duo to insufficient time of contact, 
the use of exhausted solution, or a chemical 
equilibrium being set up between the gas and 
the compound formed by its action on the 
absorbent ; (ii) physical solution of constituent 
gases in reagents <lcsigncd for the absorption of 
other constituents ; this is reduced to a mini- 
mum by the use of as small quantities of reagent 
as possible and by saturating the reagents with 
the gases with which they have to come 'in 


contact. This is particularly necessary with 
such instruments as those of Orsat and Haldane 
where small volumes of reagent are not prac- 
ticable. Constituents are usually determined 
in the following order by the methods detailed 
below. 

Carbon Dioxide. — ^Absorption in alkali solu- 
tion. Potassium or sodium hydroxide of 25% 
strength is to be recommended . except for 
apparatus of the Orsat type where the use of 
40-00% potassium hydroxide reduces the 
number of times necessary to refill the pipettes. 
Whenever high concentrations of carbon dioxide 
are present, appreciable error may be introduced 
by solution of it in rubber connections or tap 
grease (Branham, J. Res. Nat. Bur. Stand. 1934, 
12, 353). 

Unsaturated Hydrocarbons. — These are 
usually absorbed after removal of carbon 
dioxide ; where benzene and its homologues are 
present, however, it is advisable to absorb these 
first of aU (with a small quantity of concen- 
trated sulphuric acid) as they are appreciably 



Fig. 5. 


soluble in alkali solution. The most satisfactory 
absorbent for unsaturated hydrocarbons is 
fuming sulphuric acid (20-25% oleum). Absorp- 
tion is usually complete in 2-5 minutes ; 
shaking does not greatlj’ promote absorption, 
but increase of the surface of the reagent by 
moans of glass rods, etc., accelerates the process. 
The temperature must bo kept above 15°C. to 
prevent pyrosulphuric acid crj’stallising out. 
The gas must be treated with alkali solution 
subsequently, to absorb acid vapours. 

Bromine water (10%) or bromine dissolved in 
10% potassium bromide is also used for the 
complete absorption of unsaturated hydro- 
carbons. 

Acetylene is absorbed by potassium mercuric 
iodide, made by dissolving 25 g. Hglj and 30 g. 
Kl in 100 ml. water, and mixing with alkali 
solution immediately before use ; carbon 
monoxide is not affected. 

Benzene may be absorbed by ammoniacal 
nickel cyanide (for preparation, see Dennis and 
McCarthy, J. Amer. Chem. Soc. 1908, 30. 233) . 


678 


CHE5IICAL ANALYSIS. 


AH olefines except ethylene are removed 
absorbtion by concentrated sulphuric acid ; these 
can be determined in the presence of ethylene 
treating the gas « ith successli e small quantities 
(2 ml ) of 87% sulphuric acid ; after four such 
treatments (5 minutes each) the higher olefines 
are absorbed, and the rate of absorption of 
ethylene enables a correction to be made for the 
absorption of it in the earlier stages (see Manning, 
ft al., Analyst, 1928, 53, 224 ; Sakmm. Z. anid. 
Chem. 1934, 98,409 ; Sakmm and MichnorrsLa, 
i&id. 193o, 100, 264). Various metallic salts 
greatly accelerate [the absorption of elhjlenc 
by concentrated sulphuric acid (Lunge and 
Ambler, op. etl., p. 94) 

Olefines and acetjlenes can also be deter- 
mmed volumetrically by catalytic hjdri^ena- 
tion with hjdrogen gas in the presence of a 
nickel cataljst at co. ISO'C (Jlcllillan, Cole and 
Ritchie, Ind. Eng Chem [Anal], 1936, 8, 105) 
Diolefines can be hydrogenated in the cold 
(Dolgoplosk, Amer. Chem. Abstr. 1036, 30, 410) 
Butadiene is absorbed quantitatnely by molten 
maleic anhydride at 100°C (Tropsch and 
Mattox, Ind, Eng. Chem. [Anal], 1934, 6. 
104). 

Oxygen, — The nsual absorbent is alkaline 
pyrogallol. For Orsat and Haldane pipettes, 
15 g. pyrogallol in 100 ml. 50^o KOH is eati« 
factory. For the Bone-IVheelcr and similar 
apparatus, 25% aqueous pyrogallol and 40% 
alkah (NaOH or KOH) are mixed in the ratio 
1:4 in the absorption pipette. At SO'C. about 
3 minutes' shaking effects complete absorption , 
below 15° absorption is inconveniently slow, 
the temperature effect being greater with potas* 
slum than with aodinm pyrogallatc. With gases 
containing more than about 25% of oxygen, 
some carlMn monoxide is aluays evolved, giving 
low reaults. With the solution recommended 
for the Haldane apparatus this effect is negligible 
in the case of air if the solution is kept for three 
days before use, or alternatively heated at 
100°C. for an hour (Haldane and Makgill, 
Analyst, 1933, 58, 378). For use at lower 
temperatures and with gases containing much 
oxygen, a solution of 6 6 g. NaOH, 16 g. 
Bodium hyposulphite and 2 g sodium an- 
thraquinone ^ suiphonate in 100 ml. water is 
satisfactory (Fieser, J. Amer. Chem. Soc. 1924, 
46, 2639). The solution does not retain its 
activity' after more than about a week’s storage 
(see also Quiggle, Ind. Eng Chem. (Anal ), 
1936, 8, 363). 

Solid phosphorus confined over water is widely 
used in Orsat pipettes ; it may al»o be confined 
over mercury if the sticks arc kept moist with 
water. The oxygen content should not exceed 
60?{, and the temperature must be above 15'C. 
Al^rption is complete in about 3 minutrs 
Quantities of oxygen up to 02% may remain 
unabsorbed however long the contact with the 
phosphorus (Ambler, Analyst. 1934, 59, 593). 
Hydrogen and carbon monoxide may be sLgbtly 
attacked, the contractions arising (in the case of 
hydrogen) giving high oxygen figures (f c.). 

Ammcmiaeal Copper . — ^This is the most 
efficient absorbent for oxy gen, provided carbon 
monoxide, acetylene and ethylene, which it 
also absorbs, are abMiit. A roU of copper 


gauze IS immersed in a mixture of equal volumes 
of ammonia (sp gr. 0 96) and saturated am* 
monium chloride or carbonate. Absorption 
takes place rapidly on the surface of the copper, 
and shaking is unnecessary*. The reagent is 
efficient at temperatures as low as — 7°C. 

Carbon Monoxide. — The usual reagent is 
ammoniacal cuprous chloride. A satisfactory 
composition recommended by Moser and 
Hanika (Z. anal. Chem. 1926, 67, 448) contains 
n-12% CuCI and 13-14% NH,.the remainder 
being water. The solution is made up directly 
from solid cuprous chloride, water and aqueous 
ammonia. Absorption is usually effected by 
I minute’s shaking ; it is not, however, com* 
pletc, solutions which have already absorbed 
more than 0 03 vol CO per unit volume leaving 
appreciable amounts unabsorhed (Ambler, 
Analyst, 1926, 51. 266) For this reason it is 
necessary to use at least two successive lots of 
reagent, the last consisting of practically 
unused solution. With the Orsat apparatus, it 
IS advisable to keep two pipettes filled with 
reagent ; with apparatus of tbc single absorp- 
tion-vessel type, two, or preferably, three suc- 
cessive small lots of imu^d reagent arc used. 
The gas mu«t be subsequently washed with 
vrater to remove ammonia Acid, and neutral 
saline solutions of cuprous chloride are also 
used (Moser and Hanika. le. ; Bruckner and 
GrSbncr, Gas u Wa«scrfach, 1035, 78. 269), 
but are not satisfactory for precise work. 
Ammoniacal cuprous lactate (Gump and Ernst, 
Ind. Eng Chem. 1030, 22. 382) is used in a 
similar wav. Iodine pentoxide suspended in 
fuming sulphuric acid (22% I^O. in 10% 
oleum ”) oxidises corbon monoxide rapidly , 
the carbon dioxide produced is subsequently 
absorbed with alkali. For details of the reagent 
and its application, see Lunge and Ambl>-r, 
op, cit , p. 107. 

Combustion rnlhoJs for CO are dealt with 
below. For a volumetric method based on the 
reaction 3H,+ C0=CH4+H,0 under the in- 
fluence of nickel catalyst, see Lunge and Ambler. 
op fit , p. 226 ; Schuftan, Z. angew. Chem. 
1926. 39. 276 ; Pieters, Z. anal. Chem. 1931, 
85, 50. 

Hydrogen. — Although various absorbents 
for hydrogen have been described (op. tit. 
pp 109-114), it 13 usually determined by 
oxidising it to water, either with oxygen or by 
some oxidising agent. In a general gas analysi", 
the determination of hvdrogen (together with 
that of methane) is usually earned out after the 
rcroov al of carbon monoxide ns abov e ; in some 
cases, however, carbon monoxide is determined 
by combustion together with the iiydropen. 
Mhcre a carbonaceous gas is oxidisid together 
with the hydrogen, its amount w determined hy 
Bubtiequcntly determining the carbon dioxide 
produced. Measurement of the amount of 
oxygen consumed m the combu>‘tion (hy sub'*e- 
quent al^orption by pyTogalloI) provides a 
further cheek. The use of these three data 
(contraction, COj. and O, consumed) permits 
the determination of three different constituents 
1 bv one combustion, by means of the character- 
irtic valuia of the above three quantities 
m theftiUuning table: 
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Table I. — I'olbtiie Effects on Combustion j 
OF Gases with Oxygen. 
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Methods of Effecting Combustion. — Explosion. 
— After removal of such gases as are determined 



by absorption, excess of air or oxygen is added 
to the residue, and the gas transferred to the 
e.vplosion vessel, which is usually fitted with a 
platinum wire spark-gap ; the spark is produced 
by a coil, or, more convenientl 3 % a magneto. 
The chief source of error or failure in explosion 
analysis is an incorrect proportion of the com- 
bustible gas in the explosive mixture. If the 
proportion is too low, explosion does not take 
place, or is incomplete ; if it is too high, oxides 
of nitrogen are produced, giving excessive con- 
tractions and fi .-titious carbon dio.xide. In the 
case of hydrogen, the hj'drogcn content must 
be between 10 and 20% (Ambler, Anal.vst, 1930, 
55, 436) ; for methane the corresponding limits 
are approximatelj- 6'0 and 8-3%, and for mix- 
tures containing both these gases, propor- 
tionately' intermediate figures. The e.vplosion 
method appears to be unreliable where con- 
siderable proportions of higher paraffins are 
present (Mistcli, J. Gasbcicucht. 1905, 48, 802). 


In the writer’s e.xperience the determination of 
carbon monoxide by explosion is unsatisfactory. 

Catalytic Combustion with Platinum. — In con- 
tact with platinum wire at ca. 950°C., all com- 
bustible gases are oxidised in the presence of 
oxygen. The usual method of carrj'ing out the 
process is by means of a platinum wire elec- 
trically heated. Hydrogen and carbon monoxide 
are oxidised at much lower temperatures. 
Fig. 6 illustrates a simple type of slow com- 
bustion pipette, in which the leads to the 
platinum wire (0'125 mm. diam.) are fused 
through a single glass tube (Harden, J. Sci. 
Instr. 1931, 8, 332). Fig. 7 represents a 
“bubbling pipette” (Ambler, ibid. 1931, 8, 
18), in which a gas containing large pro- 
portions of combustibles, such as would e.xplode 
if directly' mixed with oxy'gen and e.xposed to 
the hot n ire, can be burned in a controlled slow 



stream of oxygen which is bubbled through the 
side limb (see also Bayley', Canad. J. Res. 1932, 
7. 680). Fig. 8 shows a Levy silica-platinum 
capillary (J.S.C.I. 1912, 31, 1153) ; the com- 
bustible gas, with the requisite excess of air or 
oxygen added, is passed backwards and for- 
wards through the capillary. Where the, pro- 
portion of the less combustible gases (hydro- 
carbons) is high, it is desirable to increase the 
surface of platinum by using foil ; this is con- 
tained in a silica tube heated externally and 
previously evacuated, the residual gas being 
removed by evacuation (for details, see Hyde 
and Mills, " Gas Calorimetry',” p. 328). One of 
the most useful applications of catalytic com- 
bustion by platinum is the fractional combustion 
of hydrogen and carbon monoxide ; with 
platinum wire at dull red-heat, these gases are 
completely' burned whereas methane is not 
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aSected at all ; 1 minute's treatment in tlie 
pUtmnm wire pipette is sufficient (Whitaker, 
Fuel in Science and Practice, 1925, 4, 250). 
“The combined percentage of hj drogen and CO 
must not eice^ 3 (Trith samples of 20 ml.), or 
the heat of combustion raises the temperature 
of the wire and some methane is also burnt 
(with samples of 2-3 ml. as much as 8% of these 
may safely he present). If these gases arc 
present m proportions above the lower explosion 
limit, explosion will take place however low the 
initial temperature of the platinum. With the 
bubbling pipette, the slower rate of combustion 
of CO makes it advisable, if it is present m 
large proportions, to remove it previously ; 
hydrogen can then be conveniently burned in a 
stream of air with the wire at dull red.heat. 
Higher paraffins are probably shghtly oxidised 


with the wire at dull red-heat, but data on thi« 
point are sparse ; fractional combustion cannot 
be earned out in the presence of imsaturated 
hydrocarbons Platinised silica-gel at SOO'C. 
has also been useil for the fractional combus- 
tion of hydrogen and CO (Kobe and Arveson, 
Ind. Eng. Chem. [Ana!.] 1933, 6. 110 ; 
Kobe and Brookbank, ibid. 1934, 6, 35). 
Falbdium maybe used in a very similar nay 
to platinum ; the combustion of methane is 
more rapid than with platinum. A number of 
fractional combustion processes using palladium 
have been desenbed, but the discrepancies 
indicate that personal factors are appreciable. 
Palbdised asbestos is used in the Lunge-Orsat 
apparatus for the fractional combustion of 
hydrogen (not CO) in the presence of methane 
(for detaib, see Lunge and Ambler, op. etl.. 
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p. 135). Hauser (Bull. Soc. chira. 1923, 33, 
1 199) has extended the use of palladised asbestos 
to the combustion of carbon monoxide, the 
addition of rhodium black. 

Combustion vith Copper Oxide.— Copper oxide 
at 270^-295^0. oxidises hydrogen and carbon 
monoxide rapidly and completely, methane 
bemg unaffected. The oxygen Is eapph«i by 
the copper oxide ; if oxygen is present, however, 
the oxide acts as a catalyst and is not redneed. 
The volume changes on combustion with copper 
oxide, in the absence of oxygen ace shown m the 
following table : 


Table II. — Volitme Erraers o'c CoancsTtov 
or Gases wrrn Cobper Oxide. 
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The fractional combustion of hydrogen and CO I 
cannot bo earned out in the presence of im- 
saturated hydrocarbons (these are completely 
oxidised at 700®) ; if the proportion of higher 
paraffins is above about 5% these are slightly 
attacked, and accordingly (King and Edgeorobe) 
advise the absorption of CO first and the 
combustion, of the hydrogen at 230®-2o0* ; aee 
Lunge and Ambler, op eil , p. 144). Methane 
and Its homologues may be determined subse- 
quently by combustion with copper oxide at 


930®-1,000® ; some oxygen is produced by dis. 
sociatioQ and should be eliminated by cooling 
the furnace to lower temperntiircs at vhieh it 
13 reabsorbed (Bunte and Munsch, Gas- u, 
Wasserfach, 1923, 66, 481). Combustion with 
oxygen, according to one or other of the methods 
previously mentioned is, however, preferable. 

Micro Gas Analysis 

For the geoeral analysis of gas samples of 
001-01 ml, the same prmciplcs are employed 
as with larger samples, but with a radically 
different technique. Tha basis of this technique, 
worked out by Reeve (J.C.S. 1924, 125, 
1946) and developed by a number of other 
workers (Christiansen, J. Amer. Chem. Soc. 
1925, 47, 109 j Christiansen and Huffmann. 
Z. anal. Chem. 1930, 80. 435 ; Blacet and 
Leighton. Ind. Eng. Chem. [Anal.]. 1931,3, 226: 
Blacet, MacDouald and Leighton, t6»d. 1933, 5, 
272 ; Swearingen, Gerbes and EJIis, ifiiif. 1933, 
5, 3G9, Andreev and Neuman, J. Appl. Chem. 
Russia. 1935, 8, 1100 ; Seevers and Stormont, 
Jnd. Eng. Chem. [Anal], 1937, 9. 39 j Blacet 
and Volraan, li-id 1937, 9, 44), is to measure the 
gas, djy, m a caLbrated capillary tube of c. 0 -5 
mm. bore, and to absorb by means of small 
quantities of sohd reagents introduced on the 
end of a platinum w ire into the gas which is trans- 
ferred for the purpose into a tube of c. 5 mm- 
bore. The best diameter for the capillary tube is 
about 0 7 mm. ; it is more convenient font to be 
horizontal than \crtical. Inmost of the processes 
which have been described, the gas is transferred 
for absorption to a small inverted test-tube 
atonduig m a mercury-trough, the measuring tube 
terminating in a thin siphon tube, with its end 
ground to lit the inrcr surface of the top of the 
test-tube. In an appar.itus designed by Ambler 
and Sutton, the form of appliancu mcorporates 
aome new and useful features which Lave found 
to bo of service The horizontal measuring tube 
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terminates in a wider vertical tube with its open 
lower end dipping info a mercury trough. 
Whichever principle is used, the absorbent is 
introduced into the gas in the form of a bead 
fused on the end of a platinum wire (c. O'O mm. 
diam.). Where solid reagents are not available, a 
porous bead made of sintered glass or of a mix- 
ture of kaolin and powdered porcelain may be 
impregnated with a liquid absorbent. The 
various gases are determined as follows ; 

Carbon Dioxide. — A bead of solid caustic 
allcali is made by touching a small piece of solid 
alkali with the heated platinum wire, and fusing 
it into a regular fofm in an electrically heated 
spiral ; the bead should be moist enough to show 
a shining surface, otherwise absorption is slow. 

Water Vapour. — This is removed at the 
beginning of an analysis and after any other 
process (c.g. combustion of hydrogen) in which 
it m.ay be produced. The absorbent is a bead of 
phosphorus pento.xide, made in the same way 
as the alkali bead. 

Oxygen. — A bead of yellow phosphorus, 
washed with water and then with alcohol, dried 
rapidly in a stream of nitrogen, and immediately 
placed under the surface of mercury, givms very 
rapid absorption. With air this usuaUy in- 
flames ; phosphorus not treated in this manner 
is inconveniently slow. If combustible gases 
are present, a porous bead impregnated with 
alkaline pyrogallol is advisable ; the reagent is 
contained in an inverted test-tube standing in 
the mercury trough of the apparatus. 

Unsaturated Hydrocarbons. — Porous bead 
impregnated with sulphuric acid or oleum. 

Ammonia, — ^Fused potassium hydrogen .sul- 
phate. 

Carbon Monoxide. — Ammoniacal cuprous 
chloride in a porous bead, or precipitated silver 
oxide, pressed while moist, dried, and a suitable 
piece attached to the wire by means of water- 
glass. The latter reaction is 

2Ag20-l-C0=2Ag-f AgjCOj 

(Gautier, Compt. rend. 1898, 126, 171). Blacet, 
Leighton and MacDonald (l.c.) confirm that no 
carbon dioxide is produced. 

Hydrogen and other combustibie Gases. 
— By explosion, initiated cither by external heat- 
ing of the inverted test-tube holding the gases, 
or by means of a bent tube introduced into the 
vessel, and containing a spark-gap, the points 
being filed down flush with the glass. 

Slow combustion and fractional combustion 
may bo carried out by means of a hook-shaped 
glass tube, through the tip of which 2 cm, of 
platinum wire (0-125 mm.) is fused ; the tube is 
filled with mercury and closed so as to make 
contact with the platinum and with a further 
contact leading to the battery, the circuit 
being completed by the free end of platinum wire 
dipping into the mercury in the trough (Ambler 
and Sutton ; Blacet and Volman, l.c.). A 
compensator for variations in temperature and 
barometric pressure is obtained by the use of a 
second liorizontal tube standing in the same air- 
jacket as the measuring tube, the morcury-level 
in the trough being adjusted to give a constant 
volume of air in this second tube. 

Movement of the gas sample in the capillary 


measuring tube can be easily and finely con- 
trolled by means of a screw clip which com- 
presses a closed piece of rubber tubing attached 
to the other end of the measuring-tube. Speed 
of working and accuracy attainable are of the 
same order as with the macro-methods. Manipu - 
lative technique, although radically different, 
is not inherently more difficult, but rather the 
reverse, and the method may therefore be 
regarded as suitable for general use, even where 
large samples of gas are available. 

Speciai, Methods for Individdad Gases. 

The foregoing methods apply only to certain 
gases to which the volumetric method is applic- 
able, and then only when they are present in 
appreciable amount, about 0-1% being about 
the usual limit of measurement in a general 
analysis. For circumstances which fall outside 
the above categories, methods are summarised 
below under the head of the individual gases. 
For details of such processes, it will be necessary 
to consult the text-books or the original papers. 

Acetylene. — Deieciion. — Ammoniacal cu- 
prous chloride, decolorised by hydroxylamino, 
gives a red colour due to CU 2 C 2 . The reagent 
can be used in liquid or in test-paper form. 
About 0-0005% is detectable (Pietsch and 
Kotowski, Z. angew. Chem. 1916, 29, 341). For 
quantitative colorimetric tests, parallel tests 
should be carried out, using knovm quantities of 
acetylene. The same reaction can be used for 
the determination of larger quantities by filtering 
off and washing the cuprous acetylide precipi- 
tate, dissolving it in acidified ferric sulphate and 
titrating ferrous iron ; the reaction is 

=2FeS04-f2CuS04-f CjHj 

(Willstatter and Maschmann, Ber. 1920, 53 [B], 
939) ; see also Vol. I., p. 96. 

Purily.- — ^Nitrogen, etc., can be determined by 
absorbing the bulk of the acetylene in acetone, 
1 vol. of which dissolves about 30 vols. of 
acetylene. 

Acetone Vapour. — By conversion into iodo- 
form with alkaline A/10 iodine, which is after- 
wards acidified and excess iodine titrated (Elliott 
and Dalton, Analyst, 1919, 44, 132). 

Ammonia . — ^The usual method of determina- 
tion is titration -with sulphuric acid ; the indi- 
cator should be methyl-red, methyl-orange or, 
if the liquid is too dark, fluorescein, the end- 
point in this case being the appearance or dis- 
appearance of fluorescence. The gas is either 
passed through excess of acid, and the excess 
titrated with alkali, or a process similar to the 
Beich-Lunge method {see under Sulphur Dio.xide) 
used. For small quantities of ammonia, the 
usual method is the colorimetric Nessler test. 
Aliphatic amines are determined by titration in 
the same way as ammonia ; their effect on 
Nessler reagent is much less. 

Argon and other Inert Gases. — For 
separation from nitrogen, see Nitrogen. For 
mixtures of inert gases, only physical methods 
of analysis are available ; methods of density, 
thermal conductivity and fractional conden- 
sation are the most applicable (j.r.). 



CHE5IICAL ANALYSIS. 


CS2 

Arsine. — Delechon. — The most senKitise test 
is the Jlarsh test {see p. 573). Mercunc chlonde 
te't papers (dry, made from 5% solution) giTe a 
jellow -brown colonr, turned black by ammonia. 
Arsine miy be determined graeimetrically 
ad'urption with heated copper (Evans, Analyst, 
1920, 45. 8). 

Benzene. — DelecUon. — 0 02% in air gives a 
brown colour with a small layer of alcohol on 
sulphuric .acid containing 0 03% of formalin 
(Dietrichs, Chem. Fabr, 1932,5, 11). 

Determination. — (i) Absorption and combus- 
tion methods have been described above, 
(ii) By nitration to m dinitrobenzene (“* Techni- 
cal Gas Analysis,” p. 267). For colonroetnc 
nitration methods, see Gavrilov (1932. B. 636) ; 
Smyth {ibiJ 1930, 265) ; Schrenk, Pearce and 
y.int (U S Bur. Mines, Kept. Invest. 1936, No. 
33u2( (ill) By adsorption with active charcoal 
at ordinary temperatures (Berl, Andress and 
Mulkr, 2 angew. Chem. 1921, 34, 125 ; 
Gregory. Oil Gas J.. 1935, 33, No. 36. pp. 14. 
4.5). (iv) By condensation at — 80®C. (Lunge 
and Ambler, op eil., p. 169) (v) By physical 

methods, particularly thermal conductivity, 
the V iscosity-cifusion bridge, rcfractivity and 
absorption spectra (p. 685). 

Bromine. — Detection. — Colorimetncally, by 
absorption with magenta, decolorised by sul 
pburous acid and mived with an equal volume 
of acetic acid (Denig6a and Chelle, Bull. Soc. 
chim. 1913 [IV.]. 13. 026). 

Carbon Dioxide.— (i) Pettenkofer's 3Ietkod. 
Small proportions m air, etc , are conveniently 
determined by absorption in Lmo water or 
baryta, the excess of which is titrated with 
hydrochloric or acetic acid (phenolphtbalein or 
tnymolphthalein indicator). The air is taken 
in a dry Hask of about I litre capacity, and &I 
known volume of the alkab (0 04.V) added up 
to about four times the equivalent of the 
amount of COj expected After about 20 
minutes (for high accuracy some hours) the 
contents of the vessel are titrated. A parallel 
blank experiment with COj-free air should be 
carried out : 1 ml. A'/IO lime water or baryta 
is equivalent to 1-119 ml. CO, at N.TJ*. 
Similar methods, using alcohoLc sodium car- 
bonate have been described by Winkler (Z. 
anal Chem 1933, 92,23 ; 1933,100,29) Fora 
colorimetric adaptation of this method, see 
Kauko and Vli-Uotila (1936, B 493). 

(ii) Graiimetric Methods — An alkaline ad- 
sorbent IS used, preferably one of the special 
preparations such as “Ascarite,” “Carbest,” 
“ Sodv-Asbestos,” etc. 

(ill) PAyjicui Methods (p. 685 et seq) — A 
variety of these, such as thermal conductivity, 
are if'ed for indicating and recording CO, in 
flue gases, etc. 

Carbon Monoxide. — De/«f/ion.— Numerous 
methods for the detection and determination of 
small quantities of CO have been worked out, 
many in great detail. Some of those arc sura 
man'-ed below ; fuller particulars are given 
in Lunge and Ambler, op cit., pp. 226-240. 

(i) Pallailinin Ted. — Solutions of palladous 
chloride, PdCI,, are reduced at ordinary tem- 
perature", giving metaihe palladium; it is 
gcncrvlly used in the form of test-papers, which 


should he employed in the damp state. The 
PdCI, is dissolved in water, acetone and 
water, or aqueous NaCI, KCl or NHjCl 
llie method has been studied by Daller 
(Z. anah Chem, 1035, 103, 83). Quantitative 
methods based on this reaction have been w orked 
out by Wmkler {ibid. 1934. 97, 18 ; 1935, 100. 
321 ; 102, 99), and bv Christman et al. (Ind. 
Eng. Chem [Anal ], 1037, 9, 153). 

(u) AflimoniflCoZ Stiver Oxide. — This is rather 
more sensitive than palladium but cannot be 
used with test papers. Quantitative methods 
on the same principle are described by Manchot 
and Lehmann (Bcr. 1931, 64 [B], 1261). 

(ui) Catalytic Oxidation al Ordinary Tempera- 
tures. — “ Hopcabte " is a preparation of metalhc 
oaides which catalyses the combustion of carbon 
monoxide with oxygen at ordinary tempera- 
tures ; hydrogen is not affected unless amounts 
of carbon monoxide arc excessive (0 5%). The 
CO IS determined either by determination of the 
resulting CO, or, as in some automatic instru- 
ments, by devices controUed by the heat 
evolved by the oxidation {see Electrician, 1933, 
at, 309 , Frevert and Francis, Ind. Eng. 
Chem. [Anal.]. 1934, 6. 226). 
i (iv) The most accurate and sensitive method 
'for the determination of carbon monoxide in 
I very small quantities is the reaction with iodine 
pentoxide at 120'’-200*C s 

6CO+IiOs-6CO,+ 2l . 
tbe CO IS measured either by collection of the 
resulting carbon dioxide, or. more sensitively, 
by measurement of tbe resulting iodine ; if the 
CO content exceeds 0 1%, the former pro- 
cedure 13 preferable. If h>drogen and methane 
are absent, it is preferable to work at 200°C. ; 
these are, however, slightly’ attacked above 
120*’ : unsaturated hydrocarbons interfere and 
must be removed. The most convenient way 
of determining the iodine is by collecting it m 
Kl solution and titrating vnth thiosulphate, or 
preferably sodium arsemte. Quantities of the 
order of Igg. of CO can be detected, and there 
IS no limit to tbe amount of sample which may 
be taken for the purpose. 

(v) Blood Test. — The most specific test for 
carlwn monoxide is the blood test. A convement 
and very precise method of applying this is by 
means of the Hartridge Reversion Spectroscope 
{su Frederick, Analyst, 1931, 56, 561), which 
measures the mean w av e-lengths of the carboxy- 
bsmoglobm bands in the absorption spectrum 
of blo^ which has absorbed CO ; the measure- 
ment gives both a specific indication of CU and 
a quantitative figure. For the determination 
of the purify of CO, see Ambler and Sutton, 
Analyst. 1934, 59, 809. 

Carbon Disulphide. — Detection. — If the gas 
is passeil through alcoholic potash, the alcohol 
distilled off, the residue acidified with acetic 
acid and copper sulphate added, yellow copper 
xanthate is produced. The shme reaction is 
used quantitatively by filtering, and deter- 
mining the excess copper in the filtrate (Harding 
and Doran, J. Amer. Chem. Soc. 1907, 29, 1476) 
or by titrating with iodine without adding copper 
(Matuszak, Ind. Eng. Chem. [Anal], 1032, 4. 
98). Diethylamine and copper acetate give a 
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yellow colour which provides a very sensitive 
test (Tischler, ibid, p, 46), which can be used 
with test papers (Kusnetzow, Z. anal. Chcm. 
1933, 95, 170). ‘For a colorimetric method with 
piperidine, see J.S.C.1. 1937, 56, 287. 

Carbon Oxysulphide, COS. — Starch solu- 
tion coloured blue with a trace of iodine changes 
to violet and then to red, the colour finally dis- 
appearing ; COS can ie determined volu- 
metricaUy by virtue of the fact that it is easily 
soluble in dilute alkali, but only very slowly in 
concentrated alkali (Stock and Kuss, Ber. 1917, 
50, 159). 

Chlorine. — Beteclion. — ^The most sensitive 
test is a 1% solution of o-tolidine in 10% HCI 
(Ellms and Hauser, Ind. Eng. Chem. 1913, 5, 
915 ; Porter, ibid. 1926, 18, 730). Chlorine is 
usually determined quantitatively by' passing 
the gas through potassium iodide solution and 
titrating the liberated iodine. 

Cyanogen. — See Hj'drogen Cyanide. 

Ethane. — See Methane. 

Ethyl Alcohol. — By oxidation to acetic 
acid with chromic acid, and iodometric deter- 
mination of the excess chromic acid (Szeberenyi, 
Z. anal. Chera. 1915, 54, 409 ; Elliott and 
Dalton, Analyst, 1919, 44, 132). 

Ethyl Ether. — By' oxidation with iodine 
pentoxide at 200°C. ; 5 mols. of ether liberate 
24 atoms of iodine (Haggard, J. Biol. Chem. 
1923, 55, 131). 

Ethylene. — Small quantities of ethylene and 
other olefines arc determined by shaking the gas 
with A710-bromine water (or bromate-bromide 
solution). The excess bromine is determined 
by adding excess iodide and determining the 
iodine. Benzene does not interfere (Haber and 
Oechelhauser, J. Gasbeleucht. 1900, 43, 34) and 
acetylene very little if at all. 

Ethylene Oxide. — Concentrated NaCI or 
MgClj reacts with this gas giving alkali, which 
is titrated. For details, see Lubatti, J.S.C.I. 
1932, 51, 361 ; 1935, 54, 424 ; Deckert, Z. 
angew. Chem. 1932, 45, 559 ; Chem. Age, 1935, 
32, 355 ; Kerckow, Z. anal. Chem. 1937, 108, 
249. 

Helium, — See Argon. 

Hydrogen. — Detection and Determination of 
Small Quantities. — (i) Volumetric determina- 
tion. Some special instruments have been 
designed for small quantities of hydrogen in air, 
etc. ; the limit of measurement is about 0-01% 
on the total gas. (ii) Conversion to HCI. By' 
passing the gas over dry palladium chloride 
(Phillips, Amer. Chem. J. 1894, 16, 259) or by' 
mixing it with chlorine gas, the excess chlorine 
being removed by' silver gauze (Hey'ne, Z. angew'. 
Chem. 1927, 70, 179). (iii) By passing the gas 
over platinum gauze immersed in sodium 
molybdate solution ; the molybdate gives a, 
blue colour (Zenghelis, Z. anal. Chem. 1910, 49, 
729). (iv) Spectroscopically', 0-005% in nitrogen 
or an inert gas is detectable at 0-05-0-08 mm. 
pressure, (v) Absorption of other gases by 
cooled silica gel. At liquid-air temperatures, 
all gases except hydrogen (and helium and 
neon) are absorbed (Lebeau and Marmasse, 
Compt. rend. 1926, 182, 1086). 

Purity. — O.xygen is determined by combustion 
(p. 679) ; methane by- combustion after removal 


of hydrogen by copper o.xide ; nitrogen, etc., by 
measurement of the residual gas after com- 
bustion with copper oxide. 

Hydrogen Chloride. — By absorption in 
alkali and titration, or gravimetrically as silver 
chloride. 

Hydrogen Cyanide and Cyanogen. — 
Detection — ^These are both readily absorbed by' 
alkali solution, cyanogen giving equal quantities 
of cyanide and cyanate. The only' entirely' 
specific test for cyanides is the Prussian-blue 
test. For this, the alkaline solution containing 
the cyanide is shaken with precipitated ferrous 
hydroxide and allowed to stand for 30 minutes, 
it is then acidified and a ferric salt added (there 
is usually enough present produced by oxidation). 
The Prussian-blue precipitate can be deter- 
mined by w-eighing as [FejlCNijg, c. QHjO], 
by' washing into a flask and titrating with alkali 
until the disappearance of the blue colour 
(Nauss, J. Gasbeleucht. 1900, 43, 696), or 
colorimetricaUy. For the detection of very small 
quantities (down to 2 mg. per litre) the amount 
of ferrous hydroxide must be very small (10 mg.) 
and it is advisable to filter before acidification, 
and add only' a trace of ferric salt. Quantitative 
colorimetric determination of these small 
quantities by this means requires great care, as 
the density of colour of the suspended precipitate 
depends greatly on the presence of electroly'tes ; 
these must be kept as low as possible, and com- 
parison tests carried out under precisely similar 
conditions. The process is dealt w-ith in detail 
by KolthofF (Z. anal. Chem. 1918, 57, 1). 
One of the most satisfactory colorimetric tests 
for small quantities of hydrogen cyanide is a test 
paper impregnated with a mixture of copper 
acetate and benzidine acetate (Sieverts and 
Hermsdorf, Z. angew. Chem. 1921, 34, 3 ; 
Deckert, J, Desinfektion, 1930, 22, 81). The 
solution is made by mixing, immediately before 
use, equal volumes of solutions of copper acetate 
(2-9 g. per litre) and benzidine acetate (48 ml. 
of saturated solution made up to 100 ml.). 
The test is quantitative for gases containing 
down to 0-0005% of hydrogen cyanide. For 
other tests for small quantities, see KolthofF ((.c.) 
and Lunge and Ambler, op. cil., pp. 292-297. 

Hydrogen cy-anide, but not cy'anogen is 
absorbed by weakly acidified silver nitrate ; 
this serves as a method of separate determina- 
tion of the two gases. For other methods of 
quantitative determination of HCN, see Soil 
(Ind. Eng. Chem. 1926, 18, 14), Brender-a- 
Brandis and Bohlken (Het Gas, 1933, 10, 194), 
Page and Gloyns (J.S.C.I. 1936, 55, 209), and 
Lnnge and Ambler, op. cit. For determination 
of HCN in presence of HCI, HBr, and HI, 
see Polstorff and Meyer (Z. anal. Chem. 1912, 
51, 601). 

Hydrogen Sulphide. — Detection. — About 
0-002% in air is detectable by smell ; above 
about 0-1% the characteristic smell alters and 
becomes less distinctive. The most convenient 
and most sensitive quantitative test is lead 
acetate paper ; dry papers are satisfactoiy. It 
can be determined gravimetrically by ab.sorption 
with copper sulphate, copper phosphate (Wriglit, 
J.S.C.I. 188.5, 4, 665) or cadmium chloride 
(Harding and Johnson, Ind, Eng. Chem. 
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1913i S, S36). It can also be determined 
I’Y titration with iodine according to the eqaation 
H,S+2r=2HI+S 

Colorimetric methods have been w^orked ont 
by Harcourt {“ Technical Gas Analjrais," 
p. 246), Winkler (Z. anal. Chem. 1913, 52, 641), 
and Oarke (Analyst. 1931, 57, 436). Hydit^en 
sulphide and sulphur dioxide can co-CTist in 
small proportions ; for determination of these 
together, see VotoJek (Ber. 1907, 40, 414) and 
Bd«eken and Muller (Rcc. trar. chim. 1931, 
60, 1117). 

Lead Tetraethyl. — See Lunge and Ambler, 
op. eil., p. 309. 

Mercaptan. — This givcsayellow colour with 
lead acetate. See also Beith, Pec. trae. chim. 
1934, 53, 18. 

Mercury Vapour, — This can be condensed 
by passing the air or gas through a tube cooled 
in hquid air, or absorbed by bromine water 
(5Iol(^wskj,Chem.Zentr. 1931, i, 1644). The mer- 
cury is then determined by a microscopic method 
(see Stock and Cucuel, Ber. 1934, 67, 122). 

Methane. — This is determmed in air by com 
bastion with oxygen over heated platmum or 

f ialladjum and Tolumetne measurement. A 
srge number of instruments on thu principle 
have been described. Very small proportions 
can be determined by carrying out the com 
bustion m a. fiask in the presence of standard 
lime water or baryta, and determining the 
resulting carbon dioxide by titration. For 
small quantities of methane in the presence of 
large quantities of hydrogen and carbon mon- 
oxide. see Ambler. Ana[>st, 1932, 56, 635 j 
Methane is the only hydrocarbon which is not; 
condensed at Lquid sir temperature to a sub- 
stance of negligible vapour pressure (v, 
p. 686) , it is also by far the lightest hydrocarbon, 
and can thus be determmed by density measure- 
ments (p. 686). The gas interferometer (p. 687) 
can detect 0 01% in air 
Higher paraffins are m general determined in 
similar ways to methane ; there are no chemical 
methods of separation, but physical processes 
are available (p. CS6). 

Methanol. — By oxidation to formaldehyde 
by means of permanganate, and detemunation 
of formaldehyde with a modi6ed Schiif reagent 
(Jepheott, An-alyst, 1935, 60. 688) 

Nitric Oxide. — This can be determined 
volumetrically by absorption with ferrous sul- 
phate (30^o) ; two successive portions of re- 
agent bemg used as with cuprous chlonde. 
NO in small proportions is usually detected 
and determined together with the tnoxide and 
tetroiide by the Griess test. It is oxidised to 
nitric acid by acid (sulphuric) hydrogen peroxide, 
the nitric acid being determmed colorimetncally 
with phenoldisulphonic acid (Francis and 
Parsons, Analyst, 1925, 50, 262). For methods 
of discrimination between the various consti- 
tuents of “ nitrous fumes.” set .Sanfourcbe and 
Bureau (Compt. rend. 1936, 202, 60). Sec also 
Nitrogen Dioxide. 

Nitrogen. — ^Tn ordmary gas analysis, nitro- 
gen is nearly always determmed by difference. 
Xvhere the nitrogen content is of especial im- 
portance, the separate determination of the 


other gases, and the accumulated error so 
introduced, may be obviated by removing them 
in one process, either by means of copper oxide 
at c. 1,000“ (Evans, Gas World. 1911, 55, 814) 
or by burning with electrolytic oxygen and 
absorbing the excess (Ambler, Analyst, 1931, 
56, 804). Nitrogen is determined chemically 
only where argon and its congeners are to be 
determined ; the most efficient adsorbent is 
lithium at 300“ (Trautz and Kipphan, Z. anal. 
Chem. 1929, 76, 350 ; Copaux, Bull. Soc, chim. 
1932 [v], 51, 9S9 ; Severyns, Wilkinson and 
Scbuiub, Ind. Eng. Chem. [Anal.], 1932 [v], 4, 
357). Small proportions of nitrogen in argon are 
detectable by their inhibitmg effect on the 
characteristic argon spectrum. SoeVol.I.,p 465 

Nitrogen Dioxide (NO^ and N, 04 ). — ^Thisis 
usually determined by com endon to nitrite or 
nitrate; for a volumetnc determination (at 
166*C ), see Whittaker, Lundstrom and Merz, 
lod. Eng. Chem. [Anal ], 1930, 2, 15. Very small 
quantities are determinable by' absorption 
spectrum methods (p. 637). 

Nitrous Oxide. — This is perhaps the most 
dilEcult of all gases to determme chemically ; 
osnng to its appreciable solubihty in all Lqmd 
reagents, its presence makes ordinary absorption 
methods for other gases impracticable. No 
known reagent, however, will absorb it com- 
pletely. In the absence of oxygen, it can be 
determined volumetncally by reduction with 
bidrogen, either by explosion or with heated 
pUtinum wire , in the explosion method the 
HJNjO ratio must be between IS and 25 
(Menze) and Kretzschmar, Z angew, Chem. 
1029, 42, 148) With platmum, the temperature 
must be kept below 500“, or some ammonia may 
be produced (I.e.) ; this is obviated if CO is 
used instead of hydrogen. For determination 
of N,0 and oxygen together, by combustion 
with CO, see Lunge and Ambler, op. eif„ p.275. 
Oxygen in nitrous oxide nav be determined by 
adMrption with damp phosphorus confined over 
mercury (^lenzel and Kretzschmar, I e. : 
Ambler. Analyst, 1934, 59, 14). but some N^O 
may be decomposed in the process. V itb 
complicated gas mixtures, or small proportions 
of NjO, the only accurate method of determina- 
tion IS condensation with liquid air. Density, 
thermal conductivity and refra-tii ity (p C8o) 
measurements are of great use with mixtures of 
known qualitative composition. J'or the routine 
examination of nitrous oxide in lyhnders, see 
Bennett (J. Physical Chem 1930,34, 1137), and 
Chaney and Lombard (Ind. Eng. Chem [Anal.], 
1932.4, 185). 

Organic Vapours. — Where it is not needed 
to determine individual organic xaponrs, corn- 
bnslion methods with platmum wire are rapid 
and convenient ; any sufficiently scnsitiio gas 
analysis apparatus fitted with platinum ware 
combustion apparatus is suitable. A special 
instrument for the purpose has been described 
by McNair and Gull (Analyst. LD33, 57, 159). 

Oxygen. — Volumetric Combustion JJelhoJs — 
Combustion with hydrogen under the influence 
of platinum wire is a tonacnient and very 
accurate method ; in the presence of carbon 
monoxide the accuracy is reduced to about 01% 
(Ambler, Analyst. 1930, 55. 677). I>e Voogd 
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and Bohlien (Het Gas, 1934, 54, 43) have used 
the same principle for oxygen in coal-gas ; 
unsatiirated hydrocarbons apparently do not 
seriously interfere (lx.). 

Colorimetric Tests. — ^The most convenient 
colorimetric test is with alkaline pyrogallol ; 
the colour is matched with iodine solution 
(Pfeiffer, J. Gasheleucht. 1897, 40, 354 ; Ambler, 
Analyst, 1934, 59, 14). The most sensitive test 
is probably that wdth a ferrous salt and alkaline 
catechol (Binder and Weinland, Ber. 1913, 46, 
255). 

Purity. — ^By- absorption with ammoniacal 
copper (Frederick, Analyst, 1935, 60, 581) ; in 
the writer’s experience, hydrogen and methane 
are not perceptibly affected by this reagent. 

Ozone. — Detection. — Potassium iodide-starch 
or preferably potassium iodide-phenolphthalein 
papers ; these tests are not, however, entirely 
specific. The most satisfactory chemical quanti- 
tative method is absorption with potassium 
iodide and titration of the iodine, the hydrogen- 
ion concentration being kept constant with a 
buffer solution (Juh'ard and Silberschatz, Bull. 
Soc. chim. BeJg. 1928, 37, 205 ; Ruj'ssen, 
Natuurwetensoh. Tijds. 1933, 15, 125). Ozone 
is also determined by the absorption-spectrum 
method (p. 687) (Ruyssen, ibid. p. 6). 

Phosgene (Carbonyl Chloride). — Detec- 
tion. — Test-papers made from a solution of 1 g. 
p-dimethylaminobenzaldehyde and 1 g. diphenyl- 
amine in 5 ml. absolute alcohol give a yellow 
colour with about 0-0001% of phosgene (Suchier, 
Z. anal. Chem. 1929, 79, 183). 

Determination. — (i) By conversion to di- 
phenylurea by absorption in aqueous aniline 
(Olsen et al., Ind. Eng. Chem. [Anal.], 1931, 3, 
189; Yant et al, ibid. 1936, 8, 21). (ii) By 
absorption in a 2% solution of sodium iodide in 
acetone, and titration of the iodine produced 
(Olsen et al, Ic.). See also Matuszak, ibid. 
1934, 6, 457. 

Phosphine. — Detection. — Silver nitrate test 
piipera are blackened ; the test is not specific, 
however. Bromine-water or hypochlorite gives 
phosphoric acid. Eor further methods, see 
I..emoult, Compt. rend. 1904, 139, 478 ; Wilmet, 
ibid. 1927, 185, 206. 

Sulphur Dioxide. — This is usually deter- 
mined by titration. In the Reich-Lunge 
method (Lungo and Ambler, op. cit., p. 152) 
the gas under test is bubbled through a litre 
bottle half filled with water containing 10 ml. 
of Y/lO-iodine and starch, vmtil the blue colour 
disappears. The volume of gas passed is then 
measured by the volume of -(vater displaced from 
the aspirator used to draw the gas. The reaction 
is : 

S Oj-t- 2 1 -)-2 H 2O = 2 H I -f H 2S O4 

For very small quantities of SOj in’ air, see 
Griffin and Skinner, Ind. Eng. Chem. 1932, 24, 
862. See also under Sulphur Trioxide. 

Purity. — Gases which are not soluble in alkali, 
by absorption of SOj with alkali and analysis 
of the residue ; COj, by removal of SO 2 by 
dichromate, and gravimetric determination of 
COj ; water, gravimetrically by absorption by 
phosphorus pentoxide (Scribner, Ind. Eng. 
Chem. [Anal.], 1931, 3, 255). Sulphur dioxide 


for preservative purposes is tested for traces of 
arsenic by a Marsh teat on the residue after 
evaporating off the sulphur dioxide. 

Sulphur Trioxide. — In the absence of SO2, 
this is determined by absorption in standard 
alkali ; the gas is either passed untd the end- 
point is reached, as in the Reich-Lunge method, 
or excess alkali is used and is back-titrated ; 
SO2 and SO3 together (t.e. total acid) can be 
determined in this way using phenolphthalein 
indicator, or by the Reich-Lunge method, the 
SOj being determined separately iodometrically. 
Mixed-indicator methods are also available (see 
Dieckmann, Analyst, 1921, 46, 517). For details 
of these and other methods employed in the 
sulphuric industry, sec Lunge and Keane’s 
“ Technical Methods of Chemical Analysis,” 
Vol. I, and “ Teclmical Gas Analysis.” 

Total Sulphur. — For control purposes in 
gas works, etc., it is often sufficient to deter- 
mine total sulphur without separate deter- 
mination of the various gaseous sulphur com- 
pounds. The general method is to burn the gas 
in excess of oxygen and determine the total sul- 
phur as sulphate. The usual method in this 
country is known as the Referees’ method, and 
is described in tbe “ General Notification of the 
Gas Referees ” for 1918. The burnt gases are 
passed through solid “ sesquicarbonate of 
ammonia,” the sulphur being collected as 
ammonium sulphate and determined gi-avi- 
metricaUy. See also Lieber and Rosen, Ind. 
Eng. Chem. [Anal.], 1932, 4, 90. 

Water Vapour. — Water vapour is most 
simply determined by passing a known volume 
of the gas through a -weighed tube containing 
phosphorus pentoxide or other suitable adsor- 
bent. It can also be determined volumetrically, 
using a dry measuring apparatus and absorbing 
the -water vapour with sulphuric acid (Blackie, 
J. Sci. Instr. 1936, 13, 6). Small quantities can 
be determined by the reaction with calcium 
hydride, which liberates hydrogen quantitatively 
(Hackspill and d’Huart, Ann. Chim. 1926, 5, 95). 
Physical methods such as the wet-and-dry bulb 
thermometer are largely used (see Hyde and 
Mills, “ Gas Calorimetrj^” p. 338). 

Physicai, Methods. 

Physical methods of gas analysis fall into two 
general classes : (i) those in which the consti- 
tuents are separated from one another by virtue 
of differences in such properties as volatility or 
selective adsorption by charcoal, and (ii) those 
in -which the relative proportions of constituents 
are determined without separation by the 
measurement of some physical constant of the 
mixture, such as density or refractivity. In 
general, methods of this latter class are applic- 
able only to binary mixtures of known quali- 
tative composition. They usually require 
calibration with mixtures of known composition. 
For regular control analyses of simple mixtures, 
however, speed and simplicity of technique make 
such processes of increasingly wide technical 
importance. 

Condensation Methods. — The simpler con- 
densation methods are those -H-hero constituents 
are separated into two fractions by the complete 
condensation of one constituent or group of 
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constituenti, the other fraction remaining 
nhollv g.i«eous. An example is the separation 
of rncthme from other paraffins at the tempera- 
ture of liquid air. All other hydrocarbons are 
condenseil at this temperature to liquids or 
solids of negligibly small %’apour pressure, xibile 
that of methane is sufficiently high (approxi- 
maleh 20 mm.) for it to be completely removed 
from the other ga«es-by pumping. At — '185*C. 
the only common gases which are not condensed 
to substances with neghgible vapour pressures 
are hydrogen, nitrogen, oxygen, carbon mon- 
oxide, nitnc oxide and the inert gases. An 
analisis of a complex rauxture may be greatly 
simplified by removing in this way all con- 
densable gases preparatory to a general analysts 
of the non condensable residue. At approxi- 
mately —80° the temperature attained by 
mixtures of solid carbon dioxide with ether, 
aretone, etc., all va|iour8 such as benzene, etc , 
can be remoxetl frum such substances as are 
gaseous at ordinary temperatures. Processes 
on these general lines haxc been described by 
Burrell, Seiliert and Robertson (U.S. Bur. Mines 
Tech. Paper, No. KW ; Bur. Mines Bull. 197); 
Stockings and Himiis, “ Fuel Testing,” 1932, 
p. 19 1 ; Lebe.xu and D.xmiens (Compt. rend. 
1913, 156, 3Jfi) ; M hlton (Ind Eng. Chem. 1916. 
8, 735). For more complicated mixtures, the 
ii»c of vacuum jacketed fractionation columns 
has made the separation of the constituents of 
ft complex mLxture almost as simple as the 
fractional distillation of organic liquids. The 
constituents distil over almost completely 
separated, and are identified by their Miling- 
pomts and measured by the collection of 
each constrnt-boding fraction in a previously 
exacuated vessel of knowTi volume, connected 
to a manometer. For details of the most 
modem processes, eet Podbielniak (Ind. Eng. 
Chem [Anal.], 1931, 3. 177 ; 1933. 6. 119. 
172). MacGiIlivray (J C.S. 1932. 941) j McMillan 
(J. Inst. Petroleum Tech 1936,22,616) and Rose 
1 (Ind. Eng. Chem. [Anal], 1936, 8. 488) For 
' binary and ternary mixtures of known qualita 
ti\c composition, a simpler and more rapid 
process has been worked out in which the 
fractionation column is dispensed with (Rosen 
and Robertson. Ind Eng. (.’hem. [Anal.]. 1931, 
3, 284 ; 1934, 6. 12) ; the temperatures are 
noted at which certain specified percentages of 
the total gis have been evaporated off under 
standardised conditions, and from these data 
the composition is obtained from empinrally 
constnicted graphs. For small samples of gases 
and X apours, there is an ingemous and interesting 
process in w hich the increase of vapour pressure 
of the condensed gas with a slowly rising 
temperature is measured at a low total pressure 
by means of the Pirani gauge. Each constituent 
has a typical curxc of this type by which it can 
be identified, and the total iise of pressure on 
complete evaporation is the measure of its 
amount. It is found that there is very little 
interference between different constituents. 
For details, see Research Staff, G.E.C. (Proc. 
Physical Soc. 1921, 33, 287) and Sebastian and 
Howard (Ind. Eng. Chem, [Anal.]. 1934,6, 172). 

Adsorption by Charcoal and Silica Gel. 
— The adsorptive power of cooled charcoal or 


Bilica gel varies greatly’ for different gases, and, 
if the amount of adsorbing eubstance is limited, 
IS highly selective. At temperatures of liquid 
air, all gases except helium, hydrogen, and to 
some extent, neon, are so firmly adsorbed by 
aetixe charcoal or silica gel. that they are not 
remoxred by evacuation. Helium is the least 
adsorbed of all gases, and can be aeparated 
almoat quantitatively by this means from all 
gases but hydrogen and neon (JleClennan, 
J.C.S- 1920. 117, 943 ; Paneth and Peters. 
Z. phyaikal. Chem. 1928, 134, 353. For other 
references, see Ltingo and Ambler, op, eil., 
p. 177). Processes for the analysis of complex 
. hydrocarbon mixtures by selective adsorption 
in charcoal or silica gel have been desenb^ by 
Sehuilan “ Gasanalyse in der Techmk,” p. 69, 
Berl and Schmidt (Z. angew. Chem. 1923, 36 
247). Kuhn {tbtd. 1931. 44, 757), and Peters 
and Lohmar (fiJennstoff-Chem, 1937, 18, 41). 

Density. — Density’ measurements provide a 
convenient and absolute method for the analysis 
of simple tnixtures, and for check testa on general 
analyses. They are particularly useful with the 
inert gases and with hydrocarbon muxtures. 
(Convenient methods of measuring densities of 
gases are (i) Density balances (Hales and 
Moss. J. Sci. Instr. 1935, 12. 309 ; Edwards, 
U.S. Bur. Stand. Tech. Paper No. 89). (ii) Static 
column method, m which the hydrostatic pres- 
sure of ft column of gas is me&sur^ by a sensitive 
manometer : the process is simple and accurate, 
the sensitivity depending on that of the mano- 
meter available and on toe height of the column 
Processes on this pnnriple have been described 
by Krell (J. Gasbeleucbt. 1899, 42, 212), 
ThrelfaU (J.S.C.I. 1907, 26, 359). PoUitrer (2. 
angew. <%em. 1924, 37, 459) and Blaekie 
(Fuel Research Tech. Paper No. 5). In the 
experience of the present writer, small samples 
(2 ml.) can be tested with considerable accuracy, 
using columns of 1 mm. bore, (iv) Effusion 
methods, m wbirh the time taken for a volume 
of gas to pass through a small orifice is measured; 
these methods are convenient but arc not 
absolute ; critical examinations of the method 
have been made by Edwards (H.S. Bur Stand. 
Tech Paper No. 94), and by Kemp, Collins, and 
Kubn (Ind. Eng. Chem. [<Vnal.], 1933, 7, 338). 
(v) Velocity of sound (Gcberth, Ind Eng. 
Chem. 1923, 15, 1277 ; Gntfiths, Proc. Physical 
Soc. 1927, 30, 300) (vi) Vanous automatic 
indicators and recorders, working on a variety 
of principles, have been designed and are 
desenbed by Levy, “Gasworks Recorders," 
1928. 

Thermal Conductivity. — This method is 
becoming increasingly used for control analyses 
in industry in v lew of its natural advantages of 
cleanliness. reliabiLty and adaptabihty to auto- 
matically-recording “ flow " processes. The 
pnnriple of the method is that a wire, heated 
by an eleclne current, loses heat in proportion 
to the thermal conductivity of the gas sur- 
rounding it ; hence, for a given current, its 
temperature, and consequently its electrical 
reeiatance, is a function of the thermal condue- 
Uvnty. and hence of the composition of the sur- 
xxnmding gas. The resistance is measurpd by 
making the wire one arm of a Wheatstone 
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bridge. The method is widely used with flue 
gases for the continuous recording of carbon 
dioxide. The applications of the method to gas 
analysis and verj' full practical details are given 
by baj'nes, “ Gas Analysis by Jlcasurement 
of Thermal Conductivity,” 1933, and also by 
Palmer and Weaver (U.S. Bur. Stand. Tech. 
Paper No. 249). The same principle has been 
used for- verj"' small quantities’ (0‘005 ml.) of 
mixtures involving Hj, D^, and HD and of 
mixtures of ortho- and para-hydrogen (Bolland 
and Melville, Trans. Faraday Soc. 1937, 33, 
1316; Twigg, iMd. 132). 

Viscosity. — ^The direct measurement of the 
viscosity of a gas mixture is little used as an 
analytical method. In some cases, however, 
where only very small samples are available, it 
may be useful since samples of the order of 1 ml. 
can be examined with high precision by the 
method of Rankine (Proc. Roy. Soc. A, 1910, 
83, 265 ; 84, 181). For practical purposes the 
viscosity-effusion bridge (Fagelston, Ind. Chem. 
1932, 8, 57), which depends on the relation 
between the density and viscosity of a gas, 
offers a highly sensitive method of determining 
small proportions of some gases, especially 
organic vapours, which have high densities and 
low viscosities ; by means of a combination of 
capillar}’ tubes and effusion orifices, arranged 
something like the arms of a Wheatstone bridge, 
small differences in the density-viscosity ratio 
between the gas under test and a comparison 
gas are indicated on an oil-manometer. The 
design of the apparatus allows it to be used with 
corrosive gases. 

Refractivity. — The index of refraction of 
all gases is very close to unity ; by means of the 
gas interferometer (Lord Ka}’lcigh, Proc. Rov. 
Soc. 1896, 59, 201 ; 1898, 64, 97), however, 
differences in thi.s quantity can be measured 
with extreme sensitiveness, with the result that 
as little as 0’01% of hydrogen in air can be 
measured, although the extent to which the 
refractive index is thus affected is only 15 X 10“’. 
The method can deal with small samples and is 
rapid in working. The gas under test and a 
comparison gas are contained in two parallel 
tubes of about 1 metre length ; the light 
passing through the two tubes is made to produce 
interference bands in the two halves of the 
visual field. When the refractivitics of the gases 
are equal, the bands coincide ; when they 
differ, they are brought together by rotating a 
graduated drum, from the reading on which 
the difference in refractivity is obtained. For 
details, see Edwards (U.S. Bur. Stand, Tech. 
Paper No. 113 ; J. Amer. Chem. Soc. 1917, 
39, 2382) ; Burrell and Seibert (U.S. Mines 
Bidl. No. 14) ; Seibert and Harpster (U.S. Bur. 
Mines Tech. Paper No. 185 ); Kershaw (Chem. 
Met. Eng. 1919, 20, 291). The method has been 
used for the determination of methane in mine 
air ; portable instruments have been made for 
this j)urpnsc, with a sensitivity of about one- 
tenth of the laboratory apparatus. 

Spectroscopic Methods.— Emission Spccira. 
— The sensitiveness of spectroscopy ns a method 
of gas analysis varies greatly according to the 
gas under test ; it is of high value with the 
gases of the argon group. For the spectroscopic 


determination of exceedingly small quantities 
of helium, see Paneth and Peters (Z. physikal. 
Chem. 1928, 134, 353). Mixtures of krypton 
and xenon have been analysed quantitatively by 
a speetrophotomctric method (Jloureu and 
Lepape, Compt. rend. 1911, 152, 691 ; 1911, 
153, 740 ; 1922, 174, 908) ; 0-005% of hr’drogen 
in nitrogen or inert gas can bo detected spectro- 
scopically (Heyne, Z. angew; Chem. 1925, 38, 
1099). Quito small proportions of nitrogen 
interfere with the argon spectrum, a fact which 
provides a method for its detection in this gas. 
For experimental details of the spectroscopy of 
gases, see Baly, “ Spectroscopy,” 3rd cd., 1937, 
Vol. II, p. 157 and Travers “ Study of (jascs,” 
p. 298. Gattcrer (Physikal. Z. 1932,33, 64) has 
shown the possibility of quantitative analysis 
of various gaseous mixtures by this method. 

Absorption Spectra . — Analytical methods on 
this principle have been used for nitrogen dioxide 
(Robertson and Napper, J.C.S. 1907, 91, 
761 ; Willey and Foord, Proc. Roy. Soc. A, 
1932, 135, 166). The latter workers, using the 
potassium photoelectric cell, can detect 0-001% 
of NOj. Lainbrey (Compt. rend. 1931. 193, 
857) has used absorption spectra for the detec- 
tion of nitric oxide. Other gases which can be. 
determined in this way are ozone (Kruger and 
Moeller, Physikal. Z. 1912, 13, 729 ; Ruyssen, 
Natuiirwetensch. Tijds. 1933, 15, 6), methane 
(Kruger, Reinkober and Ricgger, Chem. Zentr. 
1919, ii, 39), and benzene vapour (Laurinn, 
I4th Congress of Chemistry and Industry, Paris, 
1934; Gull and Martin, J. Set. Instr. 1935, 12, 
379), Raman spectra have been applied to the 
determination of olefines in the presence of 
triinethylene derivatives (Lespieau, Bourgucl 
and Wakeman, Compt. rend. 1931, 193, 238). 

H. R. A. 

GAS-VOLUMETKIC METHODS OF 
ANALYSIS 

The above term is applied to those processes 
in which a so'id or liquid substance is deter- 
mined by the generation and measurement of a 
gas. The nitrometer, devised bv Lunge (Bcr. 
1878, 11, 434 ; 1888. 21, 376 ; '189.5, 28. 1878, 
2030) for the estimation of nitric acid and 
nitrates, is applicable to a large number of other 
purpose.s of this type. It consist.s (Fig. 9) of a 
burette, fitted at the top with a thrcc-wa}- tap 
and cup-shaped funnel, and connnunicating at 
the bottom, by means of rubber tubing, with a 
levclling-tubc of the same diameter. To increase 
accuracy, the volume may be increased by ex- 
panding the upper part into a bulb as shown in 
Fig. 10. The use of the nitrometer for the deter- 
mination of nitrates is based on the fact that 
when a nitrate solution is shaken with concen- 
trated sulphuric acid in the presence of mercury, 
the nitrogen is given up as nitric oxide. For the 
analysis of, say, nitrous vitriol, the apparatus 
is filled -uith mcrcur}', so that whe/i tlie tap i.s 
open, mercury just p.-isscs into the funnel 
when the levelling-tube is raised. The uitroii-i 
vitriol is now introduced into the funnel (0-.5- 
5 ml., according to strength), the levelling-tube 
lowercrl and the vitriol drawn into the nitro- 
meter. care being taken to admit no air. The 
funnel is now rinsed with 2-3 ml. of sulphuric 
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acid which is similady drawn into the burette. | 
and the process repeated with a further 1-2 mL I 
The burette is now removed from its clamp, | 
and the reaction brought about by vigorously 
shaking the acid and mercury together. ^Vhcii 
no further gas is evolved, the tub« are levelled ; 

1 mm, of mercury is taken as equivalent to 
6 5 mm. of acid. The fmal levelling is done by 
cautious opemng of the tap with a amall quantity 
of acid in the funnel. The volume is now read, 
also the barometric pressure and the tempera* | 
ture in the immediate neighbourhood of the 
middle of the column of gas. The volume is 
reduced to N.TJ*. and (in the absence of further 
corrections, ?.«.) 1 ml. of NO is taken as 
equivalent to 0 625 mg. N or 2 813 mg HNOj. 
This uncorreeted figure is adequate for most 
purposes ; for high precision work, various 
corrections arc apphed on account of physical 
solution of nitnc oxide, formation of ammonia. . 
nitrogen, nitrous oxide, etc. Detailed studies! 
of such efi'ects have been made by Newfield and | 
Marx (J. Amer. Chem. Soc. 1906, 28, 877), 
l^larqueyrol and Florentm (Hull. Soc cbun. 
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1911, 9, 234). Beckett (J.CS. 1920. 117, 
220), and Maiqueyrol (M^m, Foudres, 1924, 
21, 326). For substances soluble in water, a 
email quantity of aqueous solution is drawn into 
the tuw, and the funnel washed out with the 
strong acid : substances insoluble ui water 
(t g. nitrocellulose) are dissolved in the funnel. 

The nitrometer may be used for almost any 
reaction m which a gas is quantitatively evolved ; 
important applications are the determination of 
(i) ammonia, urea and other amino-compounds 
with hypobromite, (ii) carbonates, (iti) hydrogen 
peroxide and btfaer oxidising substances, by 
reaction with excess of permanganate, etc. 
(Baumann, Z, angew. Chem. 1891, 4, 135, IDS, 
339, 392), (iv) mtrites (Biegler, Z. anal, Chem. 
1897, 36, 665), (v) nitrous acid m spent nitrating 
acids (Holden, J.S.C.I. 1930, 49, 220). Most of 
these processes are more conveniently per- 
formed with an apparatus such as the follow mg, 
where the decomposition is effected in a separate 
vessel. The separate vessel illustrated in Fig. ll 
is designed for such reactions as (i), (u), and (ui) | 
above ; other designs are used for the reaction : 
of nitrates w ith mercury and sulphuric and. | 


The Gas- Volumeter. — The principle of this 
apparatus (Fig. II) is the ptovision of a 
“ control ” tube B which contains an amount 
of gas, the volume of which at N.T.P. is pre. 
cisdy known ; it is usually filled with a quantity 
of air, the volume of which at N.TJ*. w ould be 
exactly 1(K) ml. If the levelling-tube C is so 
adjusted that the mercury-level m B is exactly 
on the 100 ml. mark, and is also levelled with 
that m A, then the gas in A must be under the 
same conditions of pressure and temperature as 
that in B, which, as has been seen, mdicates a 
correct volume at N.T.P. The volume in A, 
therefore, is automatically corrected to N.T.P. 
B is kept dry or wet according to whether the 
gas in A u dry or wet (dry for nitrates, wet for 
most other purposes). The Dupont nitrometer 
(Pitman, J S C.1. 1900, 19, 983) is an instrument 



embodying this principle largely used in the 
U.S.A. in connection with nitiocellutosc. 

Schloslng-Schulze-Tiemann Method for 
Nitrates. — This is an important method for 
the determination of nitrates, in which they arc 
converted to nitric oxide by heating with ferrous 
chloride and hydrochloric acid. Details of the 
process and the neeessaiy apparatus are given 
in Treadwell and Hall’s " Analytical Chemistry,” 
Vol. II,8thcd. ; a study of its application to the 
analysis of nitrocellulose has been made by 
Marqueytol (M&m. Poudies, 1924, 21, 326). iSer 
also VOLCMBTBIC MCTRODS, p. 664, II. R. A. 

ANALYTICAL APPLICATIONS OF 
SPECTROSCOPY. 

Imroouctiov. — For many years chemists 
have been familiar v, ith the production of flame 
spectra of the alkali and alkaline c.irth metals 
with the aid of the visual spectrostope. The 
development of spectrographs with a quarts 
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optical system has led to the ultra-violet 
spectrographic analysis to all the metals and 
some of the non-metals. Absorption spectra 
have been used to a large extent in the analysis 
of organic compounds, but attention will be con- 
fined here to emission spectra and their use in 
qualitative and quantitative analysis. The chief 
advantages gained by the use of the spectrograph 
over ordinary chemical analysis are that (a) a few 
milligrams of a sample suffice for a complete 
analysis, (6) in many instances the sample need 
not be destroyed, (c) traces of impurities which 
might escape detection by routine analysis are 
easily found, (d) a permanent record is obtained. 

Methods of Excitation. — 1. TAe Flame . — 
The exact procedure and the mode of excitation 
to be adopted in any given case will depend on 
the nature of the material under investigation. 
For spectrum analysis of solutions with a flame, 
an ordinary Bunsen burner using town gas has 
too low a temperature to permit of the satis- 
factory volatilisation of many elements, but 
oxy-coal gas, oxy-h 3 'drogen, air-acetylene and 
oxy-acetylene flames have been successfully 
used. Solutions are spraj’ed into the flame from 
specially constructed burners. 

2. The Arc . — If the sample is in the form of 
a metal rod, two lengths cut from the rod 
are clamped in a suitable stand connected 
with a current supply and a direct current 
arc struck by touching the two electrodes. K 
a powder is submitted it is placed on the lower 
electrode of a copper, carbon or silver arc. 
In quantitative work particularly it is convenient 
to drill a small hole in the electrode and to 
compress the powder into a pellet which, is 
dropped into the hole. The electrodes are 
brought near to one another and the arc is 
struck by touching both of them with a third rod 
of the same material. Although electrodes may 
be purchased specially prepared for spectro- 
scopic analysis, they always contain small 
quantities of impurities, for example, the purest 
carbon rods often contain vanadium, iron, 
silicon, aluminium and titanium. Russanow 
(Z. anorg. Chem. 1934, 219, 332) has shown that 
by heating graphite electrodes to a temperature 
of 2,700°C. for 3 minutes they may be freed 
from these elements. With this treatment, 
traces of calcium, boron, magnesium and 
copper still persist. According to Ziirrer and 
Treadwell (Helv. Chim. Acta, 1935, 18, 1181), 
the use of a flame arc with 12 amperes for 
2-3 minutes in an atmosphere of hydrogen or 
argon with the addition of 6% of chlorine re- 
moves all elements except faint traces of 
calcium. In every case it is necessary to moke 
an exposure of the electrodes as a “ blank ” 
before adding the sample. An extension of the 
arc method is that of the “ Abreissbogen ” or 
interrupted arc, which Gerlach states gives 
greater sensitivity with some elements. 

3. The Spark . — ^A high-tension spark is usually 
to bo preferred as a means of excitation if the 
sample is small, in the form of sheet or wire, if 
the material must not be destro 3 ’ed, e.g. ancient 
coins, or if an exploration is to be made of 
differences in composition in an ingot, e.g. due 
to segregation in an allo 3 -. The spark is con- 
venientl 3 ' obtained from a ^ KVA transformer 
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giving secondary voltages of from 8,000 to 15,000 
on an open circuit. The spark gap and a con- 
denser are shunted across the secondary of the 
transformer. It is found that the condenser 
gives an enhanced intensity to the spectral 
lines. A self-induction coil is inserted in the 
spark-gap circuit ; its use tends to eliminate air 
Iffies from the spectrum. It is convenient to 
have a variable condenser and a tapped self- 
induction coil so that the values of capacity 
and inductance may be varied. Two small 
specimens are cut and held with pincers in an 
insulated stand, and the condensed spark is 
passed between these electrodes. If the samples 
are small, they tend to become unduly heated 
and it is necessary to give intermittent exposures 
allowing a few seconds between successive 
sparkings. The utmost care must be exercised 
in handling the electrodes to avoid contamina- 
tion. 

The high-tension spark has been successfully 
employed also for the analysis of solutions 
(Tinman and Kitchen, Proc. Roy. Soc. A, 
1931, 133, 72), and for the investigation of the 
spark spectra of gases when under reduced 
pressure (Lundeg&rdh, Z. Physik, 1930, 66, 
109). Gerlach has used a high-frequency dis- 
charge from a Tesla coil for the examination 
of clinical and pathological samples (“ Clinical 
and Pathological Applications of Spectrum 
Analysis,” Adam Hilger Limited, London, 1934). 

The Specteooraph. — ^A number of firms have 
turned their attention to the manufacture of 
spectrographs of different sizes for various pur- 
poses. A small size allows the complete 
spectrum from A 2,100 to 8,000A to be taken 
on a photographic plate 4J in. in length. This 
is a convenient instrument for the stud 3 ' of 
flame and other simple spectra, e.g. from brasses. 
The “ medium ” size spectrograph covers the 
same range of wave-length on a 10-in. plate. 
This instrument is the most convenient size 
for general spectrographic work. A wave-length 
scale is usually incorporated in the small and 
medium spectrographs. This can be printed by 
means of a small lamp directly on to the plate 
in juxtaposition to the spectrogram, thus 
enabling the analyst to read off the wave-length 
of the spectrum lines. The largest spectrograph 
has a dispersion such that the complete spectrum 
would be some 25 in. in length. This dispersion 
is necessary for the separation of the spectral 
lines in steels, etc., which give complex spectra. 
In practice, this long spectrum is taken in three 
overlapping sections on a 10-in. plate, by 
rotating the prism and adjusting the focus of 
the lens and the tut of the plate. Adam 
Hilger Ltd., placed on the market in 1936 an 
improved all-metal model of their large spectro- 
graph. This has both glass and quartz optical 
trains which are interchangeable with one move- 
ment. The prisms are mounted back to back 
with a metal division between them. Each 
prism has its own lens. The range of the 
spectrum is altered by only one adjustment, 
which rotates the prism, and resets the lens and 
the plate. It is claimed that it is easier to take 
a spectrogram with this instrument than to 
take a photograph with a box camera. There 
are also simpler visual instruments suitable for 
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workshop nse such as Ililger’s Spcklcr Steelo- 
scope. 

ISTERrBETATlOIf OP SpZCTBOCEiMS. — ^ThC 
photographic plate containing a series of 
epoitrum lines may he eTarained either hy 
transmitted Lght with the aid of a Jovr.power 
lens or microscope or by projection on to » 
translucent or opaque white screen. 

"Bates UUimes." — Ecerj* element pnes a 
characteristic spectrum of lines, the intensity 
of which IS dependent on the method of excita- 
tion, the concentration of that element in the 
sample, and the presence of other elements. 
The simplest spectra are obtained from the 
flame, whilst some lines rendered Tisible by the 
spark arc not gi^en bj tlic arc. As the con- 
centration of an element decreases, some lines 
in the spectrum disappear until finally at a 
L miting concentration only one or two lines 
remain. These lines are termed the rates 
ultimes ” or ultimate lines; they ha\e been 
investigated for almct every element (ser 
Twyman and Smith “ Wave length Tables for 
Spectrum Anihsis,” Hilger, lamdon, 1931J 
In examining a epcctrogram for a anapectcil 
element it is only nei-cwary to look for this 
ultimate line^. whence its presence or absence 
may be direetlj dcduceil. 

QCAUTATnE Asal\ais —The simplest 
method of quilitative analysu is the case 
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where it u known tn advance which elements 
are to be eongbt. The spectrum of the test 
material u then photographed between the 
spectra ot the elements whose pnMcncc is 
suspected. This is comeiiiintlj dune by using 
a Hartmann diaphragm with three apertures 
which slides in front of the sht, e.g the presence 
of iron and magnesium in a sample of aluinuimui 
can be conhrmed b} taking sjiei ini ot purr iron, 
the specimen of aluminium under te«t and pure 
magnesium. If the ultimate lines of iron and 
magnesium arc seen to Ik) coincident with lines 
m the alummiuin spectrum, the presence of these 
elements is confirmed (Fig. 1). With expcncnce, 
a apectroscopist knows where to look for the 
ultimate Lnes of an element and can tell by a 
glance at a spectrogram if a giien element la 
present without the necessity ul photographing 
other apcctra in juxtaposition. The vomplcte 
quahtatn e analysis of some materials may be a 
lengthy procedure, fur example*, Kamage and 
other workers haic reported the presence of 
as many as fifty diflerent elements in various 
samplesofcaalosh. The easily -idenlihcd" raics 
ultimcs ” are very useful also m the calibration 
of a spectrogram enabling the spcctroscopiat to 
determine the waic length of other luics preaent ^ 
on the plate. I 

y UANTiTATii a iVvALt SIS. — 1 Comparison I 
iiuiiilsr of diflcrcnt mcthcKls bale I 


I been proposed. They all elepend on the fact 
I that intensity of the spectrum lines of an 
element on a photographic plate is a function of 
the quantity of that clement present in the 
source ot light. The simplest method is the 
“ comparison sample ” method. The si»etra of 
a Acnca of standaid alloys containing increasing 
known amounts of a giicn clement arc photo- 
graphed. together with that ofthe sample, under 
identical conditions. The spectra are arranged 
m juxtaposition on the plate (Fig. 2). By \ isual 
observation of the intensity of the lines due to 
the impurity, an estimate may be obtained of 
the percentage present in the giien sample. 
The anaijsis is best carried out hr first using 
standard samples of wide range of impuritj 
content and then repeating the analysis with 
other standards of narrower range determined 
b}’ the previous analysis. This method of 



compari-con «>p«.ttra ii particularlj useful m 
testing material for lompliance with a •perifi 
cation. If the limits allowed by the spe i ih< ition 
can be distinguished Hpcctrogfupliicalh , stan- 
dard samples are priparcd containing the base 
materul with the addition of the impurity in 
amount corresponding with the lower and higher 
I limits severally. The spiitrum of the sample 
I under text w photographed between tbe sjieetra 
I of the two standards. Direct obsenation of the 
lintensitr of siiitnbte chosen bnes will indicate 
whether the eumpk* conforms to the spciifiti- 
tion. In aiii toraparatiie sjxrtrograpliic 
analjsis it is lif the utmost iinportnncc that tbe 
technique should Iw canfallj standardised 
III u«iRg the arc, larc shouhl bo taken that 
the current stnuigth is muntained constant; 
the size of the cleilrodi-*. the arc length, tho 
exposure and time of deiilopmcnt should be the 
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Paine for each sample of a scn'e.s. Similarly 
■when llie spark is eiiijiloyccl, the same values of 
eapaeity and induetanee .should he used and the 
other factors maintained constant. 

2. Internal Slanilard Method. — Another 

method of quantitative analysis which has been 
nidely n.sed since it was first described by 
(Jerlaeh is known as the “ internal standard ” 
method. This method is based on the com- 
parison of the intensity of a line due to an im- 
jiurity with that of a line duo to the base m.aterial 
or a known added clement. Gerlach and 
Schweitzer (“ Foundations and Methods of 
Chemical Analysis by the Emission Spectrum ”) 
have worked out a series of tables showing the 
percentage of one element in another which 
yields equality of intensity of “ homologous 
pairs ’’ of lines. The lines chosen are as far as 
possible those which are insensitive to change 
in the e.veitation conditions. It is nevertheless 
important to keep these conditions as constant, 
ns possible and, to assist in this, observation is j 
made of another pair of lines in the spectrum of 
the base material one of which is an arc line 
and the other a spark line, the intensities of 
which are known to vary with the conditions 
of e.xcitation. The lines are chosen to be close 
to one another to avoid errors due to variation 
of the sensitivity of the plate. The capacity 
and inductance in the circuit arc therefore 
adjusted until this “ fixation ” pair of lines are 
of equal intensity. Then the analytical tables 
of" homologous pairs ” may be directly applied. 
This method is obviously limited to the analysis 
of materials for which tables of homologous 
pairs of lines have been worked out. ♦ 

3. Logarithmic Sector Method. — A more 
generally applicable method is that of the 
logarithmic wedge sector. Scheibe and Neu- 
hSusser (Z. angew. Chom. 1928, 41, 1218), and 
Tu’j'nian and Simeon (Trans. Opt. Soc. 1930, 
31, 109) have described this method in which a 
disc, the peripher 3 ’of which is cut logarithmically, 
is rotated bj’ a motor in front of the spectrograph 
slit. The resulting spectrum consists of a series 
of wedge-shaped lines (Fig. 3). The difference 
in length between two line.s, due one to tho base 
material and one to an impurity, is a function 
of the amount of the impuritj' present. As with 
tho " internal standard ” method, a scries of 
standards is prepared using known percentages 
of one element added to a base material. A 
curve is drawn correlating the percentages of 
the aildcd element with the diflcrcnccs in the 
lengths of two lines lying close together. The 
test sample is photographed under the same 
conditions, and from the iliffcrcnce in line length 
the percentage of the impuritj' is read off on the 
curve. With this method it is important that 
the whole ofthe slit should be evenly illuminated. 
This i.s ensured by using a condensing leii.s of 
such focal length that tho image of the light 
source is formed on the prism of the spectro- 
graph. convenient datum line, from uhieh 
the length id' tho s])eclrum lines is measured, is 
obtained by adjusting the height of the sector 
so that a portion of the slit is continuously 
exposed (i[c Fig. 3). The chief dillicullj' is the 
determination of the end-points of the lines. 
The line.s become progressivelj" fitinter until 


thej’ merge into the background. Various 
expedients have been suggested for measuring 
the line length, bub the method which is most 
in favour con.sists in the use of a X •> eye-piece 
fitted with a 20 mm. scale, marked with OT mm. 
divisions. This is placed directly' on the 
negative which is illuminated bj' transmitted 
light. With practice, and the choice of a 
suitable contrasting plate, developer and time 
of development, it is possible to read the length 
of a line to 0-1 mm. 

4. Photometer Method. — A convenient instru- 
ment for measuring line intensity is the micro- 
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photometer consisting of a photo-cell with a fine 
aperture and a mirror galvanometer, lamp, and 
scale. The degree of blackening of a line can 
be determined accurately as a function of the 
galvanometer deflexion bj' projecting a spectrum 
line on to the aperture of the photo-cell. Thi.s 
method eliminates the necessity of proceeding 
with an analysis in steps, and avoids the 
difficulty of visual comparison of line intensity'. 

•Apj’licatiox's to Miscellaneous Pkojii.e.ms. 
— The incre.asing use to which the spoctrogiaph 
is being put in industrial laboratories indicates 
that chemists are realising the great advantages 
which accrue from its use in routine analysis. 
New methods for increasing its accuracy' are 
frequently being described. 
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In the study of the coprecipitation of mag- ' 
neaium vith calcium as oxalate, PopofT, Wald- : 
bauer, and SlcCann (Ind. Eng. Chem. [AnaL] 
1932, 4, 43} used spectroscopic methods. 
Similarly, Knowles and Slartm (Trans. Faraday 
Soc. 1935, 31, 602) have investigated the precipi- 
tation of zinc together with copper as smjdude. 
Churchill (Ind. Eng. Chem. 1931, 23, 996) haa 
applied the spectrograph to the detection of 
flnorides occnmng in dnnkmg water at a con- 
centration of less than 1 mg. per Ltre. The 
extended use of alumimnm culinary ware has 
led to the study of the possible contamination of 
food by alumimum. Occasionally spectroscopy I 
has been applied to criminology, and a few! 
instances are cited by Judd Lewis (Analyst, 1935, ' 
60, 10). Recently, perhaps the largest field of 
application has been m the realm ofmetaDurgical 
analysis (D. M. Smith, '* ^letallurgical Analysts 
by the Spectrograph,” British Non-Ferroos 
Metals Research Association, 1933). By these 
methods the unexpected presence of rare 
elements has been revealed, e q. galhum m zme, 
germanium in coal ash, scandium m stiver. 
Methods have been described for the analysis 
of alloys containing up to 10% or more of one 
element. The quantity of any element capable 
of detection in a particular case varies with the 
method of excitation and the nature of the 
other constituents present. D. M. Smith states ; 
that about 6 X 10** % of cadmium and I X 10“* % | 
of copper and silver can be detected with cer- 
tainty in a sample of lead, using an arc method. 

Metrger (Ind. Eng Chem. 1935, 27. 112) 
has shown that 1 part of krypton can be 
detected in 10* parts of oxygen but that 1% 
ofoxygen in krypton cannot m found by spectro- 
scopic means. Spectroscopic analysis has no 
rival for the rapid detection, and in many cases 
the quantitative estimation, of impunties in 
many varieties of material. 

Literatvrt. 

(In addition to books mentioned iu text above, 
and in SpECTBOSCOrr, Diet., Supplement II, 
403.) 

D. JI. Smith, “ Bibliography of latcrature on 
Spectrum Analysis,” British Non Ferrous hletab 
Research Association, 1935. A. L. T. 

ELECTROCHEJnCAL ANALYSIS 

Electrical methods of analysis may be con- 
sidered under three headmgs, accordmg as they 
involve (a) conductivity measurements, (6) de- 
position of a metal or oxide, or (e) measurement 
of electrode potentials These three sections 
will be considered in turn. 

Co^D^:CTIVTTT hlETnons. 

The applications of electrical conductivity in 
analytical work are two-fold j first, for detectmg 
the end-point of a titration, and secondly, for 
estimating amounts of electrolyte. The con- 
ductivity of a solution depends primarily on the 
concentrations and equivalent conductivities 
(i t. mobilities) of the ions present, and so it is 
often possible to detect by appropriate measure- 
ment the removal of one kind of ion or its 
replacement by another. The adaptation of this 
idea to the determination of the end-point 


of a neutralisation titration was suggested by 
Kohlrausch in 1835, but it appears to bare 
been used first by KQster and bis co-workers in 
1903 : it has since been frequently sppLed to 
other reactions, the end-points being generally 
marked by a change in the direction of the 
carve representing the conductivity during the 
course of the titration. 

Measurement, — In general, conductivity is 
measured by means of a Wheatstone bridge 
arrangement (Fig. 1). The cell C is placed m 
one nrmof the bridge and a known resistancefi 
in the other ; <S is the source of A.C., which is 
used to prevent polansation at the electrodes, 
and D IS a current detector ; AB is the “ bridge- 
wire,” along which can be moved the contact E. 
When no current is indicated bv D the ratio of 
the resistances (or lengths) of AE to £B is equal 
to the ratio of the resistances of C to B ; the 
conductivity of C is the reciprocal of its resist- 
lance. The simplest source of A.C, is a small 
induction coil ; D may then be a telephone 
earpiece, the sensitivity being increased if 
I required by tbe use of a thermiomc valve 



amplifier. The noise made by a spark-coil is a 
disadvantage and moreoier it does not give 
reaUy symmetrical A.C., and so valve-oscillators 
giving a frequency of about 1,000 cycles are 
employed. Some workers replace the tele- 
phone by an A.C. galvanometer or by a D C. 
mstmment in conjunction with a dry rectifier 
of the copper-copper oxide-lead type, the 
latter arrangement being preferable. Other 
types of rectifier, t.g. salve and crystal, have 
been employed. 

For titration purposes it is not necessary 
to know the actual conductivity, since any 
quantity directly related to it is adequate ; this 
fact is appbed in various systems of “ visual 
titration.” In one of these the resistance B is 
kept constant and so also is tbe position of E, 
wlule D IS replaced by the primary of a trans 
former the secondary of which is connected 
across a dry-rectifier and galvanometer. The 
reading of the latter can be used, instead of the 
eondoctivity of the liquid in C, to determine 
the end point of a titration. The fixed position 
of E must be chosen so that the bndge is never 
Bctnally balanced during the course of tbe 
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titration. If high accuracy is not required the known amounts of titrant ; the end-point, 
A.C. electric-light mains, through, a transformer, which must be well passed, is detemined 
may be used for conductivity work ; a galvano- graphically by plotting the conductivities (or 
meter is then essential as a detector, since the equivalent galvanometer readings) against the 
telephone and car are insensitive to the 50-60 volumes of titrant added, as rvill be seen later, 
cycle note. Another simplification for con- The volume change in the titration should be as 
ductometric titration work avoids the use of small as possible, and this is achieved by using 
the Wlieatstone-bridge and also employs the the titrant, in a micro-burette, ten to twenty 
A.O. mains ; the arrangement is showi in times as concentrated as the titrated solution. 
Pig. 2. The bell-transformer T steps down the In accurate work a correction for the volume 
mains %'oltage to about 3 volts, and the current change may be applied. The main advantages 
passes through the cell C ; between the terminals of conductivity titration are (a) coloured solu- 
A and B are connected a galvanometer, or tions as dilute as O-OOOIN may be analj'sed, 
millivoltmeter, and a rectifier. The resistance (6) only a limited number of readings is generaUy 
R, about 600 ohms, acta as a shunt and is necessary, and (c) there is- no need for special 
adjusted according to the sensitivity of the precautions near the end-point, as with other 
meter. The deflection of the latter may be titrations, since it is determined graphically, 
taken as a measure of the conductivity of the The chief disadvantages are (a) a thermostat is 
solution in the cell C. In some cases A and B desirable for reasonably accurate work, since the 
have been connected to the grid and filament, conductivity increases by about 2% per degree, 
respectively, of a thermionic valve, and the and the solution may well become warm during 
variation of the conductivity of C in^cated by the titration, and (b) the presence of appreciable 
the reading of a micro-ammeter in the anode amounts of foreign electrolytes reduces the 
circuit. These modifications have made what accuracy of the results. 


was at one time a delicate 

physico-chemical laboratory 

operation into one suitable 
for industrial control pur- 
poses. 

Although alternating current 
is most frequently employed Supply 
for conductivity work various 
suggestions have been made 
for the use of direct current : 

these are, however, mainly of 

academic interest. There is 
available, however, a com- 
mercial instrument known as 



A 


the Dionic Water Tester (Ever- 


Pio. 2. 


shed and VignoUcs, Ltd.), 

employing D.C. for conductinty determina- Conductometric titrations fall into three main 
tions, sufficiently accurate for technical estima- categories : (a) neutralisation, (6) displacements, 
tion of electrolytes and for many titration and (c) precipitation processes. There are one 
purposes. It consists of a hand-driven dynamo or two cases of oxidation-reduction reactions 
supplying D.C. at 100 volts, which is passed followed by conductivity measurement, but 
through the solution under investigation ; the these are of minor significance, 
current strength, directly proportional to the Neutralisation Titrations . — Strong Acids 
conductivity, is registered on a suitable meter, and Strong Bases . — ^At 18° the equivalent con- 
The latter is graduated by the makers to read ductivity of the hydrogen ion is 314 and that 
directly the specific conductivity of the solution, of the hydroxyl ion is 172, whereas very few 
an average allowance of 2 volts being made for other ions have values exceeding 70 reciprocal 
the polarisation of the gold-platcd base metal ohms. In the neutralisation of a strong acid 
electrodes. by a strong base the acid is converted into its 

A variety of cells suitable for conductometric salt, that is, the hydrion is replaced by the 
titration have been designed, the essential cation of the base, and so the conductivity mirst 
feature of them all being the provision of means decrease. When the acid is completely neu- 
for keeping the two platinum electrodes, tralised the further addition of alkali results 
generally 1 sq. cm. area, in fi.ved positions in an increase of conductivity, so that the 
relative to one another ; the ability to stir the conductivity-titration graph must be as in 
titrated solution mechanically is an advantage. Fig. 3, I. It can be shoum theoretically that 
and it should also be possible to place the vessel the two portions of the graph must be straight 
in a thermostat. The electrodes should be lines, intersecting at the equivalence-point, 
platinised in the usual way, by the electrolysis provided there is no appreciable volume change 
of a platinic chloride solution, but if very highly in the titration ; the position of the end-point 
dilute solutions ate being employed, it is perhaps can thus be found by drawing straight lines 
better to ovoid the error due to adsorption by through the e.xpcrimental points (marked with 
the platinum black and use smooth electrodes, crosses). A strong base when titrated with a 
In carrying out a titration the conductivity of strong acid gives a curve similar to Fig. 3, I, 
the solution is measured at the commencement since the anion replacing the hydroxy! ion during 
and also after the addition of each of about ten neutralisation has a lower conductivity. 
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Ten; irfaL When a ver> vaak acttl, ' 

e <?. aphenol, dii?ociatioM constant 10“’ to 10““, 
19 titrated nith a strong alkali the conductIMty 
of the solution increases from the comnienr^ 
roent, since the acid is onlj- \eiy slightly ionised 
and has a low conductnity, whercaa'the salt 
formed during neutralisation is a good con- 
ductor. When the end-point is passed the con- 
ductivity increases more rapidly because the 
free alkali js a better conductor than the salt, 
and 80 a graph of the type of J'lg. 3, 11, is 
obtained. On account of bjdrolysia the actual 
conductivity follows the dotted line, but the 
end-point can still be obtained bj* finding where 
the two straight lines cross. The intersection 
19, however, not very sharp and the results conse- 
quently not highly accurate ; in dilute solution 
the break is even leas marked. 



ModeraUly Weal Aeidg — In the titration of 
a moderateJy weak acid, f.g. acetic, propionic, 
etc , dissociation constant 10^ to 10~', a corve 
of the type of Fig. 3, III, m obtained ; there is 
a slight decrease m conductivity at the com- 
mencement because of the remoial of hydnons, 
but as the salt accumulates it represses the 
ionisation of the acid so that it then Shares os 
if It wire a very weak acid {ef. Fig 3. II) The 
sharpness of the intersection can be improved by ; 
titration with a weak base, eg. ammonia ; the 
type of curve is as Fig. 3, IIIo. The conduc- 
tivity of the ammonium salt of tlie and is little 
different from that of the salt of the strong-base, 
eg. sodium, but after the cnd-pomt the free 
aranioiuum hydroxide contributes virj little to 
the conductnity, which thus remains almost 
constant. 

^loJeraUli/ Slrovg Adds . — .Aiids having dw 
Bociation constants between 10“’ and 10”*, 
e.g. mandela and salicylic adds, give conduc- 
tivity -titration curves of a type intermediate ! 


between those of a “trong and moderatilj weak 
acid, as m Fig. 3, IV : the intersection .nt the 
end point is not sharp and so it cannot be 
determined nceuratch. To overcome this 
difficulty ammonia is added, until about onc- 
third of the acid is neutralised, the system is 
then titrated with a strong alkali ; two sharp 
brc.sLs are observed, and the amount of strong 
alkab added w hen the second of these is reached 
is equivalent to the total acid originally present. 
The alkali not only neutralises the remiiiiing 
and but aUo displaces the ammonia from the 
salt. Alternatively, inodemtoly strong acids 
mav be estimated by rev crsing the titration nnd 
adding the acid to standard alkali m the cell. 
Whenever alkali is being tifr.ited. however, 
special precautions must be adopted to prevent 
access of carbon dioxide from the air. 

Jliiliiree of Acids. — The conduetoDiettic 
method prov ides one of the best means of esti 
mating a mixture of a strong and a weak acid ; 
it 19 then advisable to use a weak base, eg. 
ammonia, as titrant. The conductivity first 
decreases as the strong acid is neutralised, and 
when this IS complete the curve changes its 
direction and the conductivity increases ; finally 
when both acids are neutralised there is a second 
break and the conductivity remains almost 
constant. 

Applualions — Conductometric acid alkali ti- 
trations have been opphed to various strong 
acids and bases, to a number of weaker acids, 
eg.amino-acids, bone, carbonic, lietic, mandelie. 
o-nitrobcnzoK , salicylic, succinic, sulphurous 
and tartanc acids, to a number of phenols, jjnd 
to various weak bases, eg alkaloids, nninionn, 
aniline, magnesia, metbylamincs and pyiidine, 
'On the more technical side the conductivity 
, method has been used for the determination of 
carbon dioxide m water, of the acidity of becfi 
wine, leather tanning liquors and soil extracts, 
and of the alkalinity of paper digestion liquors- 
The acid numbers of bitty acids, in alcohol 
solution, have also been tlctemuncd by con- 
ductooKtnc titration. Tiio principle of csti- 
tnatmg a mixture of a strong and a weak acid 
has h«n appbed to detect the presence of 
mineral acid in vinegar, nnd onalogous appii 
cations are the analysis of mixtures of caustic 
alkali and ammonia, and of a hydroxide or 
bicarbonate and carbonate. 

Displacement Titrations. — ^The silt of a 
weak acid, or of a weak bvsc, may be titrated 
conductometrically bv means of a strong .vcid, or 
base, respcclivclv ; the first eflect is to produce 
little change* m the conductivity For example, 
in the titration of sodium acet.ate by hydro 
chlonc and the resulting sodium chloride has ft 
conductivity* only little gre.nter than that of 
the acetate removed, and the ncctic and formed 
coiitnbutcs a ncghgible amount. At the end 
point, however, free hydrochloric acid is present 
III the solution and the conductivity rises rapidly 
on Its further addition. The intersection of an 
almost horirontal Lne, on the conductivity- 
titration graph, with a rapidly rising one gives 
the end point. 

The pnnciple described has been employed in 
the estimation of acetates, alkaloids (in the form 
of salts), ammonium salts, benzoate*, carbonates, 
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phosphates and succinate.s. The titration of a 
mi.vtiirc of a hydro.'tide and carbonate involves 
first a neutralisation and then a dhsplacement 
reaction, two breaks being observed. 

Precipitation Titrations. — In the addition 
of sodium chloride to silver nitrate, for example, 
insoluble silver chloride is precipitated and the 
silver ions in solution are replaced by sodium 
ions having a similar conductivity ; the con- 
ducting power of the solution thus alters little. 
After the end-point the further addition of 
sodium chloride causes the conductivity to in- 
crease, since no silver nitrate remains with 
which it can react. If the conductivity of the 
ion in the titrant, i.e. sodium in the example 
given, is smaller than that of the precipitated 
ion, i.e. silver, tho conductivity will actually 
decrease whilst precipitation is occurring ; tho 
intersection at the end-point will then be sharper 
than would otherwise be tho case. The sharp- 
ness can be further increased if the precipitating 
ion, i.e. chloride, has a high conductivity. 
Errors in conductometric precipitation-titra- 
tions may be due to (a) the solubility of the 
precipitate, (b) its rate of formation, or (c) its 
uncertain composition. The first two sources 
of error can frequently be overcome by the 
addition of alcohol, and the last by titrating a 
hot solution. 

Applications. — E.xamples of precipitation ti- 
trations which have been carried out conducto- 
metrically are the following, tho titrant being 
given in parenthesis after the name of the sub- 
stance being estimated : barium {lithium sul- 
phate) i bromide (silver nitrate, mercuric 
perchlorate) ; cadmium (sodium sulphide, 
potassium fcrricyanide) ; calcium (lithium or 
potassium oxalate, lithium sulphate) ; car- 
iionato (barium chloride) ; chloride (silver 
nitrate) ; chromate ^barium ehloride, silver 
nitrate) ; cobalt (potassium fcrricyanide) ; 
cnjjpcr (potassiiim fcrricyanide) ; cyanatc (silver 
nil rate) ; cyanide (silver nitrate) ; ferrocyanidc 
(silver nitrate, zinc chloride) ; ferrous ions 
(sodium sulphide) ; iodide (silver nitrate or 
acetate) ; lead (.sodium sulphide, lithium 
chromate or sidphatc, potassium fcrrocj'arudc) ; 
potassium in concentrated solution (sodium 
|)crelilornte) ; molybdate (lead acetate) ; .stron- 
tium (lithium chromate or oxalate) ; sulphate 
(barium acetate, chloride, h)-droxido or nitrate) ; 
thiocyanate (.silver nitrate) ; thallium (sodium 
chromate) ; tiing.state (lead nitrate) ; and zinc, 
other than sulphate (sodium hydroxide). Nitrat- 
ing acid, consisting of a mixture of nitric anil 
sulphuric acids, has been analysed conducto- 
metrically : the total acid is determined by 
alkali, and the sulphate in the neutralised solu- 
tion is titrated by lead nitrate in tho presence 
of alcohol. 

Other Applications. — Conductivity mea- 
surements have been applied to analytical pur- 
poses other than those involving titrations. 
In any process where there is likely to be a 
change in tho amount of electrolyte, which is 
either in solution or cun be extracted by water, 
tho conductivity method may be used to indicate 
such a change. Tho method has the disadvaii- 
age that it is unable to distinguish between one 
clectroli'te and another, but for puriioscs of 


industrial control, where tho same substances 
always occur, this is not serious. The apparatus, 
which may be of the Dionic Water Tester typo 
(». p. 693) can then be standardised for the 
particular conditions under which it is to func- 
tion. Mains-operated conductivity apparatus 
can be readily adapted for the purposes of auto- 
matic control of industrial processes. 

Conductivity methods have been used in con- 
nection with the following purposes : the detec- 
tion of leakage of cooling water, particularly if 
sea-water, into a steam condenser, and of 
“ priming ” of a boiler, both of which result in 
an increase of conductivity of the condensate, 
tho determination of the amount of dissolved 
electrolyte in boiler-feed water, and in mineral 
and potable waters. The estimation of the 
mineral (“ ash ”) content of sugar and sugar- 
syrups, of tho acidity of water used in retting 
fibres, of the amount of alkali carried over by 
mercerised yarn, and of soluble salts in soil, 
can all be carried out by conductivity measure- 
ments. These have also been used to control 
the composition of the absorbing solution in 
the manufacture of sulphuric acid. 

Bibliography, — Kolthoff, “ Kondukto- 
metrische Titrationen,” 1934 ; Jander and 
Pfundt, “ Leitfahigkeitstitrationen und Leitfa- 
higkeits-messungen,” 1934 ; Davies, “ The Con- 
ductivity of Solutions,” 1933 ; Britton, “ Con- 
ductometrio Analysis,” 1934 ; Bottger (editor), 
** Physikalische Methoden der analytischen 
Chemie,” Leipzig, 1936. 

Depositioh Methods (Electroakalysis). 

In general, tho passage of an electric current 
through an electrolyte results in the deposition 
on the cathode of any metal, unless it is highly 
electropositive ; if the deposition can be made 
virtually complete, and tho separation of one 
metal from another is possible, there is at once 
available tho basis of a direct method of analysis. 
The possibility of employing electricity in 
analytical work was first suggested by Cruick- 
shank in 1801, but tho early applications were 
for qualitative purposes only. Tho first use of 
the electric current for quantitative estimations 
was made by Wolcott Gibbs (1864) and by 
Luckow (1865), and this marked the beginning 
of a highly important aspect of anali’tical work 
which has since developed very considerably. 
Before ilescribing tho practical methods of 
“ clcctroanalysis ” tho theoretical principles 
involved will be reviewed briefly. 

Deposition Potentiais. — When a metal is 
inserted in a solution of its own ions, c.g. silver 
in silver nitrate sohition, a difference of potential 
(w) is set up between the metal and the solution, 
given by the equation w=7ro-)-0-0002T/n log c, 
where T is tho ab.solutc temperature, n tho 
valency of the ions under consideration and c 
their ionic concentration ; wo is a constant, 
culled the “ standard potential,” for tho 
given metal, which is the potential when tho 
ions arc at a concentration of 1 g. ion per 
litre. At ordinary temperatures, i.e. about 
17“, the electrode potential may be written 
w =jTn-f O-O.lS/a log c, so that it changes by 
0-058/1! volts for every ten-fold change in ionic 
concentration ; the more dilute the solution 
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tbe more negative is the potential, All&queons 
solutions contain hydrogen ions, and hydrogen 
gas also acquires a definite potential in contact 
herewith given by w=jrjj+0 058 log [H’J, the 
valency (n) being unity. The standard potential 
of the hydrogen electrode, t.e. with gas at I atm. 
pressure and a hydrion concentration of 1 g. 
per litre, is taken ns tbe zero of tbe eo-callw 
“ hydrogen scale ” of potential. The potentials 
of other electrodes can be measured and stated 
on the basis of this scale, and if tbe ionic con< 
centration (c) is known the standard potential 
(vg) of any metal can be determined. Some of 
the values obtained are given below : they are 
for 17% but the temperature variation is small. 
Na -2-71 Cd-0 40 Pb -0-12 Cu+034 

Mn -1-1 Co -0 29 H ±0 Ag+0 80 

Zn -0-78 NI -0 23 Sb+01 Hg+0 80 

Fe -0 44 Sn -0-14 Bl +0 23 Au +1-36 

From these standard potentials it is possible 
to calculate tbe static (or equibbrium) value 
acquired by any of the metals in a solution of 
its ions at a given concentration. 

The importance of these results is that in 
order to deposit a metal electrolytically irom a 
solution of Its salts, by appbcation of art external 
source of E.ZIJ'., the potential of the cathode 
must be made just slightly more negative than 
the static value (Le Blanc, 1893). If the solution 
contains several different ionic species, then the 
metal having the most positive potential in that 
eolation will deposit first ; thus from a eolation 
eontainisg simple salts of silver, copper and 
cadmium, the metals will separate in the order 
given, jiom the equation for tbe electrode' 
potential it can be seen that for the eoncentra* 
tion of a particular ion to be reduced to 0*1% 
of its initial value the cathode potential at 17'* 
must become 3x0 05S/n volt more negative 
than at the commencement ; for a univalent 
metal this is a maximum of approximately 
0-18 volt. Provided the static potentials of 
two metals differ by more than 0 2 volt, there* 
foie, it should be possible, by conlroUing the 
cathodo potential, to deposit one almost com* 
pletely, within the limits of experimental error, 
before tbe other begins to separate. In a 
limited number of cases, e.g. iron and nickel, 
the metals deposit simultaneously as a sobd 
solution — separation is then generally not 
possible under any conditions. 

The formation of complex ions frequently 
changes the order in which metals deposit, 
because of the different extents to which tbe 
simple ions are removed in the complex. If 
excess of potassium cyanide is added to the 
solution of sUver, copper, and cadmium salts, 
mentioned above, tbe order of deposition wiU' 
now be silver, cadmium, copper. Complex ions 
play an important part in electroanalysiB by 
permitting the alteration of electrode potentials : 
thus, tbe potentials of copper and bismuth in 
their sim^e salts are so close that effective 
separation is impossible, but in the presence 
of excess cyanide tbe copper potential becomes 
BO much more negative that bismuth can be 
separated almost completely before deposition 
of copper begins. 

It 18 important to remember that the potential 


of a cathode as measured is determined by the 
concentration of ions in its immediate vicinity, 
but thu may be quite different from that in the 
bulk of electroljde. The potential may thus 
indicate almost complete removal of a given 
metal whereas actually an appreciable amount 
may still remam in solution. The difiiculty may 
be overcome by vigorous agitation, and this is 
an essential feature of the separation of metals 
by means of controlled, or “ graded,” potentials. 
Stirring has also an important effect in per- 
mitting the use of higher current densities 
(generally abbreviated as C.D., and expressed 
in amps, per 100 sq. cm.) than is possible with 
a stationary electrolyte, thus enablmg tbe pro* 
cess to be carried out more rapidly. In normal 
ciicum^ncea the ions to be deposited diffuse 
from the bulk of tbe solution to the cathode at 
a rate equal to their rate of deposition, but as 
the C.D. IS increased & point is reached at which 
the rate of diffusion attains its maximum value, 
under the operating conditions. This C.D. is 
called the limiting value for 100% efficiency of 
deposition, and if it is exceeded the cathode 
potential rises (negatively) until other ions can 
be discharged to satisfy the requirements of the 
current. In electroanalysis this must be avoided 
unless the second ions are hydrogen ions, but 
even the co-bberation of hydrogen is often in- 
advisable for other reasons The use of the 
contcoUed-electrode method of sepatatmg metals 
obvutes tbe danger of tbe C,D> exceedmg the 
luniting value, because it is always adjusted 
{V. infra) to prevent a change of potential. For 
rapid electrolysis, however, it is desirable to use 
as large a current as possible and so the con- 
ditions should be arranged to give a high limiting 
C.D., at least at tbe beginnmg. This may be 
done by the use of vigorous stirring, or ot hot 
sotuUoDs, or both. In a stationary electrolyte 
the bmitmg C.D. is about 2 7 amp./dm.* for a 
A^'Solution at 17*, and is approximately pro- 
portional to the concentration j at 70® this is 
mcreased 4-5-fold, and an mcrease of the same 
order lesulVs if the solution is agitated by a 
stirrer at about 400 revs, per min. It is easily 
possible, therefore, m an ordinary electrolyte, 
for the limiting C.D. to exceed 10 amps, at the 
commencement of electrolysis, but as it pro- 
ceeds and the ionic concentration falls the 
Lmitmg C.D. falls correspondingly i hence tbe 
necessity for reducing the current in the con* 
troUed-potential method. The more vigorous the 
agitation the less the need for current reduction 
and the more rapid will be the electrolysis. 

Overvoltage. — ^Tbere is always a possibility 
that hydrogen will be evolved in the electrolysis 
of any aqueous solution : theoretically, this 
should occur from a N*acid solution at a 
potential of about +0 volt and at about •— 0 8 
volt from a ^-alkaline solution. ActuaUy, an 
excess potential, known as “ overvoltage,” must 
nearly always be applied to a cathode before 
hydrogen evolution can begin ; tbe value of the 
overvoltage varies with the nature of the metal, 
and some of these values, important for electro- 
analysis, are quoted below : 

Hg0 78 ; Zn 0 70 ; Cd0 48; 

NI021; Fe0 2 
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Overvoltage must be taken into account when 
considering the possibility of hydrogen evolution 
during the deposition of a metal. Zinc, for 
example, should deposit from a A^-sulphate 
solution at about —0-78 volt ; if the solution 
contains A^-acid hydrogen evolution should 
occur at ±0 volt, and so no zinc deposition 
should, theoretically, take place. In actual 
practice, however, it does, since the over- 
voltage of hydrogen at a zinc cathode is 0-70, 
so that zinc and hydrogen are liberated simul- 
taneously. By the use of a less acid solution, 
e.g, acetic acid, the hydrogen evolution potential 
is made still more negative and quantitative 
deposition of zinc can occur. Alkaline, especially 
ammoniacal solutions, are often employed in 
order to inhibit hydrogen evolution. It may 
be noted that overvoltage is almost independent 
of hydrogen-ion concentration, increases with 
increasing C.I)., and generally decreases about 
0-02 volt for every 10° rise of temperature. 

Although most metals deposit reversibly, that 
is to say, they begin to deposit when the 
static potential is just exceeded, the metals 
iron, cobalt and nickel are exceptional ; there 
is in these instances a deposition overvoltage, 
which is about 0-2, 0-25, and 0-3 volt, respec- 
tively, at ordinary temperatures, but at 90° 
the values are reduced almost to zero. The 
marked change in the deposition potential of 
nickel as the temperature is raised makes separa- 
tion from zinc possible at 90°, although under 
ordinary conditions simultaneous deposition 
occurs ; the process is best carried out in am- 
moniacal solution. 

Form of Deposit. — For electroanalytical 
work it is desirable that the metal should be 
deposited in a smooth and adherent form ; large 
crystals are liable to drop off and spongy deposits 
may contain impurities. The nature of the 
deposit is affected mainly by O.D., concentration 
and nature of the electrol^e, and temperature. 
At high O.B. the metal is generally fine-grained 
and smooth, but if the limiting Q.D. is exceeded 
and hydrogen is evolved the deposit may become 
spongy and basic salts and hydroxides may be 
occluded. Firm, adherent deposits are generally 
obtained from concentrated solutions and stir- 
ring definitely helps in this respect. It is true 
that the solution must become dilute at the end 
of the electrolysis, but the proportion of metal 
then deposited is small, and in any case there is 
a tendency for 'the nature of the early deposit 
to be continued. Increase of temperature 
generally improves the deposit, although in some 
cases veiy hot solutions tend to give poor 
deposits, especially if the hydrogen overvoltage 
is reduced to such an extent that gas evolution 
occurs. . It is evident that, as a nde, the con- 
ditions for rapid electrolysis are also those for 
obtaining a satisfactory form of the deposited 
metal. The nature of the electrolyte is often 
of importance : complex ions frequently give 
better deposits than do simple ions, but they 
may contain adsorbed impurities. The difficulty 
of obtaining.a satisfactory deposit is sometimes 
obviated by the use of a mercury cathode in 
which the metal dissolves (u. infra). 

Apparatus. — Electrodes . — The most popular 
electrode material, for both anode and cathode. 
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is platinum, or better platinum-iridium, as it is 
stronger. Qassen recommended a basin, 9 cm. 
diam., as cathode with a flat spiral anode, but 
this is little used at present ; it is costly and the 
electroljrte cannot be easily stirred without loss. 
For stationary electrolysis a platinum-gaMe 
cylinder as cathode and a spiral of wire inside 
it to act as anode are satisfactory ; so also is 
the combination of “ flag ” cathode of gauze, • 
devised by F. MoUwo Perkin, and the “fork ” 
anode of bent wire which is placed symmetrically 
about it. When the electrolyte is to be agitated 
the best arrangement probably consists of two 
concentric gauze cylinders (Sand, 1907 ; see also 
Analyst, 1929, 5i, 276) ; these electrodes are 
obtainable commercially. The iimer generally 
acts as anode : it is attached through a steel 
chuck and rubber tubing to a pulley shaft so 



that it can be rotated. Electrieal connection 
is made through mercury contained in the rubber 
tube. The cathode is separated from the anode 
by a glass tube surrounding the stem of the 
latter, and the electrical circuit is completed 
through the clamp holding the stem of the 
cathode. The whole arrangement is shown in 
Fig. 4 ; a speed of rotation of about 500 revs, 
per min. gives very efficient circulation. Fischer 
(1907) has used two fixed concentric gauze 
cylinders, separated by glass strips, and has 
stirred the solution by a separate paddle of 
special design ; F. M. Perkin, on the other 
hand, employed a cylindrical gauze cathode 
which could bo rotated, and surrounded it by 
an anode of two circles of platinum wire fixed 
one above the other by four small vertical 
strips, so as to form a cylindrical framework. 

The use of a mercury cathode was proposed 
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by Wolcott Gibbs (1880), but the first successful 
application ^^as made by E. F. Smith (1903), 
and 'was subsequently employed by him and his 
collaborators. Asmallquantityofpurc mercury 
at the bottom of a beaher, into vbich is sealed 
a platinum ^iire to make electrical contact, acts 
as the electrode, and the electrolyte is agitated 
either by a separate stirrer or by means of a 
rotating, horizontal perforated disc. The mer- 
cury cathode has many advantages ; difficulties 
m the form of the deposited metal do not arise, 
and hydrogen may be evolved freely without 
detriment ; high C.D. may consequently be 
employed and mechanical stirring may be 
replaced by the agitation produced by gas 
bubbles. There is, however, some danger of 
mercury being earned away by the gas ; this 
can be obnated by attaching a bent tube to the 
electrolysis cell to act as an air condenser. Base 
metals, e g. zinc, are readily deposited in metcuiy 
even from acid solutions, because of the high 
overvoltage and of the reduced deposition 
potential associated with amalgam formation. 
The chief disadvantages of the mercury cathode 
are its weight, compared with the weight of 
deposit, the difficulty of drying without loss, 
and the serious error resulting from the escape 
of even a minute globule. If the electrolyte 
contains alkali metal ions these may be deposited 
in the cathode to form amalgams, but they 
readily decompose if the solution is acid, and no 
appreciable error then results. The mercury 
cathode should not be used for ammoniacal 
solutions containing ammonium salts, because 
of the effect of amalgam formation ; even nitric 
acid and nitrates, which reduce to ammonium 
salts, sometimes cause errors. Although the use 
of mercury did not attract much notice, except 
from E. F. Smith and his associates, some atten- 
tion has been paid to it more recently, and 
electrodes involving small quantities (10 g) of 
mercury have been devised (Moldenbaucr, Z. 
angew. Chem. 1029, 42, 331 ; Tutundliii, Z. 
anorg. Chem. 1031, 202, 297) Reference will 
be made later to a special form of mercury 
cathode for the estimation of alkali metab (7.V.). 

Many of the advantages of mcrcurj', without 
the disadvantages, are to bo found in the use of 
Wood's metal os cathode (Paweek et at., Z anal. 
Chem. 1927,72,220; 1929,79,110); asitmelto 
at about 70°, it is liquid in the electrolysis 
of a hot solution. It is actually handled m the 
cold as a sohd, it has a much lower density than 
mercury, and is not so volatile. Wood’s metal 
may well find many applications in electro- 
analysis. 

The use of amalgamated brass gauze cathodes, 
proposed by Paweek in 1898, has recently been 
revived (Paweek and Walther, tfiid. 1924, 64, 
89 ; Bottger et at., ibid. 1933, 93, 401) ; the 
cylinder of brass gauze is first cleaned to free 
the surface from grease and oxides, and then 
etched in warm dilute sulphuric and. It la 
coated with mercury by use as cathode in a 
solution of mercurous nitrate containing a little 
nitric acid at a C.D. of about 03 amp. ; itb 
then washed in water and dipped in bot dilute 
hydrochloric acid to obtain a bright mercury 
surface. Some workers deposit as much as 
10 g., of mercury, but this la unnecessary ; a 


smaller quantity is sufficient to alloy with the 
deposited metal without risk of loss being 
incurred. Precautions must be taken when 
diying the amalgamated cathode to avoid 
heating and thus vaporising the mercury. 

Tantalum has been suggested as a cathode 
material instead of platinum, and cathodes of 
copper and silver gauze have been used for the 
deposition of the respective metab, as well as 
in aolutiona which do not attack them. Reference 
will be made later to special cases under the 
headings of the various metab. 

Electrc^e Vessels . — live simplest form of vessel 
consists of a beaker which should be os small as 
convenient ; the larger the bulk of solution the 
more difficult it is to deposit the last traces of a 
metal. Vessels with taps, similar to separating 
funneb with the tops cut off, have been em- 
ployed, so that the electrolyte can be run off 
immediately electrolysis is completed ; they 
suffer from the disadvantages that the hquid 
just abov e the tap docs not readily mix w ith the 
bulk, and also that they cannot easily be heated. 
Special beakers with siphon-tubes sealed in 
near the bottom have been employed by some 
workers, but a loose siphon is probably often 
quite satisfactory. 

Experimental Procedure. — In the follow- 
ing description it will be assumed that the 
method of graded, or controlled, potentials is 
used, but this is not always necessary and the 
resulting simplifications are then obvious. The 
importance of adjusting the appLed E.il.l', in 
the electrolvtic separation of metab was first 
realised by Kihani (1883). and in 1803 Freuden* 
berg separated metals from one another by 
controlling the E.M.F. of the battery, thus 
assuming the anode potential loiomain constant, 
A great improv ement was made by hand (J.C.S. 
1907, 91, 373) who introduced an auxiliary 
standard electrode so that the potential of the 
cathode could bo acruritely controlled. 

Tho particular anode and cathode (clcancl 
from grease) to be used ore set up in an appro 
pnate vessel, together with arrangements for 
stirring and heating, if rcquircil (Fig. 4) ; the 
electrodes arc then connected to the source of 
current, through an ammeter, and nn adjustable 
resbtance, capable of cariying 10-15 amp. 
The tip of the siphon-tube of tho reference 
electrode' which is to bo used for measurement 
of the cathode potential, is inserted in the 
solution to bo electrolysed close to the surface 
of the cathode. The latter and the reference 
electrode are then connected to an instrument 
for measuring E.M.F,, generally a potentio- 
meter-voltmeter arrongement, os in Fig. 8. 
p. 708 (ace also Sand, Analyst, 1934, 59, 328). 
The nature of the reference electrode is usually 
not of great importance, as long as it maintains 
a constant potential ; the special vessels at 
ono time in general use, and still frequently 
illustrated in text-books and intalogucs, are no 
longer considered necessary. A calomel eUc- 
trodc (sec Fig. 7, p. 703) may bo used, or alter- 
natively one containing mercury, mercurous 
sulphate and sulphuric acid or a sulphate ; 
quinhydrnne electrodes, consisting of an acid 
solution containing a little quinfiydrono info 
which dips a clean platinum wire, arc also 
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recommended. In order to ruinimise diSiinon 
of the electroly.'ed solution into the referenre 
electrode the tip of the latter is generally made 
of narror.- hore tubing bent round serer^ times 
to form ttro or three loops. In a rapid elec- 
trolysis the loss ly diffusioa can be shotm to be 
negiisible, but if desirable the liquid in the tip 
of the standard electrode may be permitted 
finally to sij/hon over into the electrolysed 
solution. 

The electrolysing current is srritched on and 
increased to the value to be employed, generally 
I-IO amp., depending on rrhether ordinary or 
rapid methods are being used ; the cathode 
potential is then measured. During electrolysis 
the potential tends to rise (necatively), and the 
current is decreased from time to time to keep 
it constant. UTen the cmrent has fallen to a 
Io~ value, ey. 0-2 amp. or less, the applied 
E.JIS. is increased so that the cathode potential 
may become 0-2 volt more negative than the 
initial value. In this vay the concentration of 
the metal can be reduced to less than 0-1% of 
its original value, provided the solution is trell 
agitated ; no other metal is deposited, provided 
its potential is more than 0-2 volt more negative 
than that of the first. The time aUorred for the 
electrolysis fa generally half as long again as it 
takes the potential to attain its final value, but 
it fa alraj-s adiisafale to test the electrolyte 
chemically for the ions being deposited before 
stopping the electrolysis. If the metal can be 
distinguished from the platinum electrode in 
appearance the depk-tion of the electrolyte may 
be tested for by adding vrater, so that a clean 
I^rtion of the electrode fa covered by the solu- 
tion ; if deposition fa complete it irill remain 
unafiected. 

The procedure adopted to stop the electrolysis 
depends • on -the type- of vessel used and on 
vhether the remaining solution fa required for 
further investigation. In the latter case the 
liquid may be run off by a siphon or the beaker 
may be removed, and the electrode rinsed with 
the minimum of water which fa added to the 
hulk of solution. If this is not required water 
may he added continuously, the c.vcess being 
siphoned off", or a.IIowed to overflow, until the 
current drops to zero. Oiring to the possibility 
of resolution of the deposit on the cathode the 
current should not be switched on before the 
electroly-te has been removed completely. The 
electrode fa finally washed well with water, then 
with acetone, drirf in a steam-oven and weighed. 
--Vlcohol and ether, at one time widely us^ for 
drying purposc-s, are not recommended, since 
the picroxide, often present in other, is liable to 
osklfae the metal. A mercury cathode can be 
treated in an analogous manner, but it should 
not be warmed ; the acetone may be removed 
by a current of drj- air. 

If a second metal fa to bo deposited from the 
solution the process fa repeated with a fresh, or 
cleaned, cathode. When the deposition potential 
of the .second metal differs by a large amount . 
from that of the first, or if one metal only fa 1 
present in the electrolyte, the careful control j 
Oi potential described above is not necessary, ; 
In many in.stanc-os. however, the evolution of j 
h\ (Irogen can occur, and this may be prevented * 


I by controlling the cathode potential 'n'ken 
j many separations of the same kind are carried 
I out, or where the potentials of the two metals 
I are reasonably far apart, a “ safe " 
j determined by experiment or calculation, may 
be tapped ofr and the electrolysis left to itself. 

Micro-Methods. — The electroanalytical pro- 
j cedure fa readily adapted to the estimation of 
' smaE quantities of metals : for further details, 
aee Pregl ‘‘ Quantitative Organic 'Micro- 
Anaivsis ” ; Lindsev and Sand, Analvst, 1935, 60, 
739. ■ 

Inner Electrolysis. — The principle of- 

“■ imer electrolysis,” which requires no external 
current, has been revived in recent years by 
Sand and his collaborators (iSid. 1930, 55, 309, 
313, 49.5, 6S0). A plattnnm gauze cylinder acts 
as cathode, and the two anodes, made of an 
electropositive metal en. zinc or lead, are placed 
symmetrically on either side of the cathode and 
enclosed in parchment bags ; agitation of the 
I electrolyte fa achieved fay means of an indepen- 
j dent stirrer. The solution to be electrolysed 
t is used as catholyte and a salt of the anode meta! 

‘ acts as anolyte. When anode and cathode are 
coimected externally a small current Sows and 
deposition occurs on the catheyie. The method 
of inner electrolysis has been used to determine 
s m all quantities of bismuth in lead (using lead 
anodes;, and small amounts of cadmium and 
copper in zinc ores, etc. (with zinc anodes). 

Applications. — Electroanalysishas been used 
for the quantitative estimation of a number of 
metals, to be considered brieSy. In addition to 
cases involving direct cathodic deposition men- 
tion will also be made of indirect methods, «.?. 
for alkali metals and for certain anions, of the 
deposition of oxides on the anode, e.g. lead, 
manganese and thaliinm, and of instance;: 
involving electrolytic processes, e-p. reduction 
of arsenic to arsine, and of nitrate to ammonia, 
without actual deposition. 

Alkali Mtlah. — Hildebrand's method (1907) 
involves a principle similar to that of the 
Castncr-Kellner cell for manufacture of sodium 
hydroxide. An open-ended shallow cylinder, 
rests on a glass-rod triangle, in a wider fiat- 
bottom crystallising dish, and enough mercury 
fa poured in so as to be about 3 mm. above the 
bottom of the inner cylinder ; thus two separate 
compartments result. A platinum -wire dipping 
in the outer mercury is connected to the negative 
pole of a batter}', and the anode, placed in the 
inner compartment, consists of two discs of 
platinum-gauze fixed one above the other, 
capable of being rotated. The anode is pre- 
■viously coated with 3-4 g. of silver by elec- 
troh-sis of an argentocyanide solution. The 
solution to be analysed, which should be in the 
form of the chloride, or as the salt of any other 
acid giving an insoluble silver salt, fa placed in 
the anode compartment, whereas the outer 
annular space contains a dilute solution of 
sodium chloride. On electroh-sis (about 0-5 
amp.) alkali meta] amalgam fa formed and 
decomposes in the outer compartment to jdeld 
free alkali hydroxide ; the decompesition is 
hastened by the use of a ring of nickel wire 
having tbnee legs dipping in the outer mercury. 
HTien electrolysis is complete the entire con- 
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tenta of the celb, inner and outer, are rins^ 
into a beaker and the alkali titrated with etan- 
dard acid. 

Alkali metals can be separated from mag- 
nesium by this method. The alkali hydroxidea 
are formed in the outer space, but the mag- 
nesium hydroxide is precipitated in the inner 
compartment. Calcium, in the presence of 
magnesium, is precipitated m a similar manner, 
although when alone it can be estimated as an 
alkah metal ; banum and strontium also behave 
like alkali metals, and can be separated from 
calcium, if magnesium is added. 

Antons . — The Hildebrand cell can be used for 
the estimation of any anion yielding an m 
soluble silver compound ; the latter is deposited 
on the silvered.gauze anode, which can be 
washed and weighed. Sulphates may also be 
analysed by titratmg with alkali the liquid in 
the inner compartment, which contains an 
equivalent amount of sulphuric acid ; a 
platinum anode should ho used. 

Nitrates can be reduced to ammoma by 
electrolysis with a copper cathode in a solution 
containing a little sulphunc acid and some 
copper sulphate. The ammonia u distilled off 
and estimated in the usual manner. 

Antimony . — This metal can be deposited from 
fairly concentrated sulphuric or hydrochloric 
acid solutions at temperatures of 100^ or 50^- 
76% respectively. The electrolyte should con- 
tain 1-2 g. of hydtoxyUtmne or hydtatine salt, 

r 100 C.C., and the cathode potential should 
controlled. It is advisable to coat the 
platinum cathode with copper before electrolysis 
to avoid its being spoilt by the antimony. 

The deposition of antimony from tbioanti- 
monate solutions is not recommended, because 
of co-deposition of eulphor ; this can be partly 
avoided by means of potassium cyanide. The 
antimony solution is made alkaline and a 
saturated solution of sodium sulphide added, 
and then 2-3 g. potassium cyanide per 100 ml. 
Electrolysis u carried out below 65’ with a 
current of 1-2 amps. Antimony may also be 
obtained quantitatively from neutral tartrate 
solutions, a temperature of 70®-80’, and a 
C.D. of 0 25-0'55 being employed. 

Arsenic. — The quantitatiro deposition of 
arsenic is not possible, but small amounts may be 
estimated by electrolytic forma of the Marsh 
test. The arsenic is reduced to arsine at a lead 
or, better, mercury cathode in a special ceU in 
winch anode and cathode compartments are 
separated. Callan and Jones (Analyst, 1930. 
55, 00) employ a mercury cathode sq. in. 
in area and about dA’-sulphuric acid os elec- 
trolyte ; a current of 2 amps, is passed for 
IS minutes followed by 4 amps, for 15 minutes. 
The gases evolved from the cathode are decom- 
posed in the usual manner to give an aiscnic 
mirror, which is compared with standard 
mirrors. 

The Gutzeit method for estimating arsenic 
has also been adapted for electrolytic reduc- 
tions (see Fink, J, Biol. Clicm. 1927, 72, 737; 
1928, 76. 19). 

Bismuth . — If a platinum cathode is employed 
bismuth should be deposited from tartanc, 
acetic or hydrochloric acid solutions ; the 


potential must be controlled or poor deposits 
will result. In the tartaric acid method sodium 
tartrate is added to decompose any mineral 
acid present in solution, and a rapidly rota 
ting cathode is used. Alternatively, sodium 
hydroxide may he added nntU a precipitate just 
forms ; it is dissolved in acetic acid and 2 g, 
bone acid added to 80 ml. electrolyte. A 
temperature of 70®-80'’ is employed, at 0 6-0 7 
amp , and the solution is stirred vigorously. 
In hydrochlonc add solutions the experimental 
method is the same as for antimony m this 
niediDm. When a mercury or amalgamated 
brass cathode is bemg used then bismuth may 
be deposited &om nitrate solution containing a 
little free acid. 

In the presence of copper, 10 g. of sodium 
tartrate, 5 ml of 30% sodium hydroxide and 
enough 10% potassium cyanide solution to 
decolorise must be added ; bismuth can then 
be dep(»itcd free from copper, the controlled 
potential method being adopted. 

Cadmium , — A variety of methods have been 
proposed for the electrodeposition of cadmium ; 
the simplest mvolves the complex cyanide. 
The solution is made slightly alkaline and then 
potassium cyanide added until the precipitate 
first formed redisaolvea ; an excess equal to 
about half that previously added is then run in. 
Electrolysis with an initial current of 5-8 amp., 
using a rotating electrode, may be earned out 
at With cyanide solutions there is some 
danger that the platinum anode will dissolve , 
this electrode should consequently be small. 
If copper 13 present it does not mterfere with 
the deposition of cadmium from the complex 
cyanide /oiution, provided the potential does 
not rue. 

Cadmium has also been deposited quantita 
lively from acetic acid and sodium acetate, 
ammoniacal and complex oxalate solutions. 
Very acid solutions are generally avoided because 
of the simultaneous evolution of hydrogen, 
although slightly acid (sulphuric) solutions have 
been employed, especially with the amalgamated 
brass cathode which has a high overvoltage. 

Cobalt . — ^Ammoniacal solutions are generally 
used for cobalt deposition, but a substance must 
always be present to reduce the peroxide formed 
on tho anode. One method is to add excess of 
ammonia, S g. ammonium chloride, and 0 3 g. 
sodium bisulphite to 100 ml. solution ; this is 
electrolysed at a C.D. of 4— 7 amps, with vigorous 
stimng. Another procedure employs phosphate 
solutions : about 2 ml. of 5% phosphoric add, 
and then 20-25 ml. of 10% dihydrogcn sodium 
phosphate are added to 70-80 c.c. of tho cobalt 
solution. Electrolysis begins in the cold at 
0 2-0 3 amp./dm*., end then the electroljte 
IS warmed to 50® or GO® and the C.D. increased 
to 1*2 amps. A small amount of hydroxylamine 
salt can be added to remove any peroxide on 
the anode. 

The mercury cathode has been employed for 
the deposition of cobalt from mineral ocid 
solutions. 

Copper.— la tho absence of noble metals 
copper may be deposited easily from sulphate 
solutions, containing a lit(le sulphuric acid 
(about 0 5iV), at 70®-80® with stirring. Base 
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metals, e.g. cadmium, zinc, nickel and cotalfc, 
may be prevented from separating by the use 
of controlled potentials. Nitric acid solutions 
give good deposits, preferably at a temperature 
of 18°-30° ; about 0-1 g. of urea should be 
added towards the end of the electrolysis to 
decompose nitrous acid which interferes with 
copper deposition. 

For separation from arsenate or antimonatc 
(after the addition of tartrate), ammoniacal 
solutions are employed ; excess of ammonia 
and ammonium sulphate are added to the 
solution and electrolysis carried out at 70°. 
If iron is present it should be oxidised to the 
ferric state; the ferric hydroxide does not 
interfere with the deposition of copper. Am- 
moniacal solutions are recommended if the 
copper solution contains chlorides. 

Complex cyanides have been employed for 
copper deposition {see Cadmium), but the 
method is not generally recommended, although 
it is sometimes useful for separation from other 
metals. 

Chromium . — ^It is well known that this metal 
is difficult to deposit, but small amounts have 
been estimated, from a chromium salt in dilute 
sulphuric acid, by means of a mercury cathode. 

Chromic salts may be estimated by anodic 
oxidation to chromate, at platinum, in am- 
monium oxalate solution ; the chromate may 
then be determined either volumetricaUy or 
gravimetrically. The method is applicable to 
solutions containing iron : the latter is deposited 
on the cathode. 

Gold . — Quantitative deposition has been 
obtained from complex cyanide, sodium sul- 
phide, and ammonium thiocyanate solutions ; 
for rapid electrolysis the first of these, at a 
temperature of 50°-60° is preferred. The em- 
ploj'ment of a mercury cathode permits deposi- 
tion to be made from auric chloride solutions ; 
attack of the mercury by chlorine liberated at 
the anode is prevented by adding 10-12 c.c. of 
toluene to react with the chlorine. Gold is beat 
removed from a platinum cathode by dilute 
potassium cyanide solution containing a small 
amount of hydrogen peroxide. 

Iron . — With a mercury cathode iron can be 
obtained satisfactorily from its simple-salt 
solutions, but otherwise the evolution of hydro- 
gen is troublesome. Oxalate and tartrate 
electrolytes are generally employed with a 
platinum cathode : about 7 g. of ammonium 
oxalate is added to 100 ml. of solution and 
electrolysis performed at 50°-60°. Towards the 
end of the process some oxalic acid should be 
added to dissolve ferric hydroxide which may 
have formed by the solution becoming alkaline. 
Electrolysis must not be prolonged otherwise 
carbon may deposit with the iron. 

The electrolytic method has been recom- 
mended as giving a clean method for reducing 
ferric iron to the ferrous state prior to titration 
by permanganate or dichromate. 

Lead . — The cathodic deposits of lead are 
generally unsatisfactory, this metal is therefore 
almost invariably estimated by deposition as 
lead dioxide on the anode ; if 6-10% of nitric 
acid is present no metallic lead separates on the 
cathode. The addition of 1 or 2% of copper 


nitrate to the solution is generally advised, as this 
removes all danger of the deposition of metallic 
lead. Electrolysis is begun at a low O.D. 
and increased to 2 amps, at ordinary tempera- 
tures, or up to 10 amps, with a hot solution and 
a rotating cathode. When deposition is eom- 
pleto the anode is washed and heated in an air- 
bath at 220° for an hour. Owing to the remark- 
able tendency for lead dioxide to retain water 
the final composition does not correspond 
exactly to PbOj, and the factor for conversion 
into the amount of lead instead of being 0-8662 
may be as low as 0-857. The smaller the weight 
of deposit the closer is the factor to the theoretical 
value, and an empirical value is generally used 
according to the amount of lead present. Some 
workers have heated the dioxide on the anode to 
convert it completely to monoxide which is then 
w-eighed, but this procedure is not recommended. 
A better method is to dissolve the dioxide, 
w-ithout drying, in standard oxaUo acid and 
titrate the excess with permanganate. The 
anodic deposition of lead permits its separation 
from many metals ; chlorides, and compounds 
of selenium, mercury, phosphorus, and arsenic 
should, however, not be present. 

Lead has been estimated by cathodic deposi- 
tion from hydrochloric acid solutions, or bette^ 
from solution in excess of sodium hydroxide on 
an amalgamated brass Cathode. 

Manganese . — Like lead, manganese is best 
deposited as dioxide on the anode ; the man- 
ganese salt, together with 8-10 g. of ammonium 
acetate, and 1-2 g. of chrome alum to help the 
deposit adhere to the anode, is dissolved in 
100 ml. of water and electrolysed at about 80°. 
If the solution is stirred 10 ml. of alcohol may 
be added to prevent frothing. When deposition 
is complete the anode is washed and heated 
strongly to MnjO^ which is weighed. 

Mercury . — Many methods have been devised 
for the estimation of mercury, there being no 
special difficulty in its deposition ; the platinum 
should, however, always be plated with silver 
before use with mercury. Solutions containing 
a little sulphuric or nitric acid may be used at 
temperatures up to 60°. If mercurous salts are 
precipitated some persulphate should be added 
to oxidise them before the electrolysis is com- 
pleted. Deposition may also take place from 
cyanide solutions in the cold, from electrolytes 
containing an excess of ammonia, or from 
alkaline solutions containing sodium sulphide. 
There is, of course, no objection to the use of a 
mercury cathode, but deposition should then 
be made preferably from acid solutions. 

Molybdenum . — ^From electrolytes containing 
dilute sulphuric acid, molybdenum is deposited 
as hydrated sesquioxide on the anode ; after 
washing the oxide is dissolved in dilute nitric 
acid, evaporated to dryness and heated to expel 
the acid. The residue of is weighed. 

Nickel . — ^This metal is generally deposited 
from a solution containing 4-5 g. ammonium 
sulphate 'and 30-35 ml. strong ammonia at 
50°-C0°. To prevent the deposition of zinc, if 
present, the electrolysis should be carried out 
at about 90°. If nitrate is present there is a 
danger of the platinum anode being attacked 
by ammonium nitrite formed during electrolysis: 
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an iron «ire, made pi^ii e bv dipping in nitric 
acid, is then generally u<eU as onode. The 
nickel deposit on the cathode is hkcly to be 
difficult to remoie ; sulphuric acid solution 
containing hydrogen peroxide is very useful for 
this purpiosc. 

•The complex oxalate method («e Iron) has 
been used for nickel deposition, but as the metal 
obtained includes carbon it is not altcigcther 
oatisfactorj'. If it is reriuired to separate nickel 
from chromium, aluminium or manganese the 
oxalate method is used to gne a preliminary 
separation , the deposit is then dissnhed in 
acid and pure nickel deposited from ammoniaial 
solution. Copper, if present, separates with the 
nickel from the oxalate bath, but is readily 
removed sub^equentlj. 

Palladium. — Palladium ammonium rhionde, 
with 30% Bulphurie acid, or in ammoniacal 
solution have been cmplo\cd. 

PlaUnum. — To obtain the metal in a bright 
adherent form xery low C D.'s should be em 
plujed, tg. 0 01-0 05 amp. at 50“-60° , the 
electrolyte is chloroplatmic acid containing a 
small amount of sulphuric acid. 

Rhodium —This metal has been deposited for 
analytical purposes from phosphoric acid solu 
tions and from rhndichloride in dilute aulpbunc 
acid 

Stlnr — Although the most coherent depoMts 
of silver are obtained from cianidc solutions 
these are not recommended for quantitative 
work unless it is desirable to prevent the 
deposition of other metals The most accurate 
procedure is to employ 80-100 ml of electrolyte 
to which has been added 1-3 ml nitric acid 
(sp gr. 1 4) — excess should be remov ed by ev apo 
ration with sulphuric acid — and 3 ml of alcohol 
(to prevent {ormtion of peroxide on (he anode) , 
electrolysis is earned out r* SO^-SO®, the appbed 
voltage not exceeding 1 4 volts. This method 
permits separation of silver from copper, lead, 
arsenic (3- or 5-valent), antimony (with tartanc 
aciil), zinc, nickel, cobalt, and other metals. By 
the use of high temperature and rapid agitation 
the silver is deposited in a coherent form 

For the scp.vration of silver from arsenic and 
antimony an ammomaca] soJiitJon i» aometjotts . 
employed ; 3-5 g of ammonium nitrate .mdl 
10-15 ml. of concentrated ammonia are added 
to 100 ml of solution, the electrolysis being 
performed at room temperature. The voltage 
must not ri»e above 14, otherwise spongy 
deposits may be obt.vined. 

Thallium. — The separation of the metal can 
best be made with a mercury cathode, but it is 
advisable to add a known amount of zme sul 
phatc to the solution before electrolysis , the 
zinc IS deposited with the thallium, and in some 
way prevents loss of the latter. Alternatively 
thallium may be estimated by deposition as 
TljOj on the anode ; 100 ml. of solution con- 
tains 3-6 ml. -V sulphuric acid and 5-1(1 ml of 
acetone, and electrolysis is earned out at low 
C.D. (0 02-0 05 amp ) at SO’-So® The deposit 
IS dned at ami weighed. iMme 

thallium deposiU on the cathode dunng elec 
trolysis, hut this dissolves towards the end 
The E.M.F. should be adjusted so as to prevent 
oxygen evolution. 


T'ib.— T he deposition of tin is svti'factory 
from complex oxahte solution*. 100 ml of the 
latter containing 3 6 g. .immomiim ox.ihte ami 
.*» p. of oxalic acid. A little sulphuric acid n 
added towarris the end of the cIectrol\sis to 
neutralise anv ammonium carlwnate formed af 
the anode whuh might cause the precipitation 
of stannic oxide The teinix-rature mav he 
raised to 65” during electrohsis. .Some authors 
recommend the addition of a h\ ilroxylamme wli 
(2-4 g ) to the electrnlv te. For sipar.vtion of 
tin from antimony a tliiostannate electrolyte 
may be employed . it is made In adding yellow 
ammonium sulphide to the metal solution 
until the precipitate dissolves. Tlie deposit 
IS, however, liable to contain some sulphur 
Hydrochloric acid solutions have liecn used to 
deposit tin. some hydroxy lamino hyilrochloride 
being present to react with the chlorine ; the 
temperature is raised from 30'' to 70° ilunng 
electrolysis and vigorous stirring is employ ed. 

It IS generally recommended that the platinum 
cathode be first covered with copper, .ami then 
with tin from an oxalate bath if a thjo<tannate 
solution IS to be clcctrolyicd. bccaii'-e of the 
difficulty of stripping tm from platinum It has 
been stated, however, that the tin deposit can he 
easily removed by using the plitmum latlioile 
covered with tin as an anork m a dilute sulphuric 
acid solution 

Vramum — The cathode deposit consists of a 
hydrated oxide this ii generally obtained 
from an electrolyte containing sodium acctile, 
an<l after washing is converted into UjO| by 
beating strongly 

Ziwc — This metal is difficult to deposit in a 
quantitative manner because of the simultaneous 
evolution of hydrogen, and alkabne solutions 
are often used In the zmeate metbcK] enough 
sodium hydroxide is added to produce a dear 
solution which is electrolysed whilst hot, 
although It 15 reconimendvJ that it should be 
cooled before the cathode u removed Nitrates 
and ammonium salts if present introduie errors. 
Good deposits can also be obtainnl from a 
neutrahsAi solution to w hah 4 g sodium acetate 
and 10 drops of acetic acid are added per KK) ml. 
By employing a jnerrury ralhoih, whin ihe 
liberation of hydrogen is not serious, electrolysis 
of zinc sulphate, even m the presence nf free 
sulphuric acid, is said to be satisfactory. 

Tf a platinum cathode is to be used it should first 
be coated with silver or copper ; altirn.itivtly 
cathodes of nickel gauze or of amalgamated 
brass gauze will l>e found quite satisfactory 
Bibliography. — Fischer, Elektroanaly tische 
Schnellmethoden, "I0(J8 ; Ci.vs«cn, " Quant itvtiv e 
Analyse durch Elcktrolyse ’’ ; or, English Trans- 
lation : Ckissen and Hall, “Quantitative 
Analysis by Electrolysis,” 1013 ; E. F. bmith, 
“Electroamly sis ■’ iJlS ; Lassicur, “ Electrosn- 
alyse Itapide, ' 192S ; Bottger (Editor). 

“ Fhysikxhscho Methoden dcr analy tisclien 
Chcmic,” Leipzig, 19J6 

PoTENTIOilETRiC TiTRATION. 

The fundamental principle of (he potcntio- 
metne methovl is that m the vicinity of the end- 
point of a titration the concentration of the ions 
being titrated is changing very rapidly: the 
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potential of a suitable electrode varies regularly 
with the ionic eonoentration {e. supra), so that 
near the end-point the electrode potential will 
ehange rapidly as the titrant is added. In 
general the slope of the curve showing the 
variation of potential during the titration is 
greatest at the end-point, or expressed mathe- 


matically the end-point occurs when the 
amount of titrant added is such that Aw/Ai’ is 
greatest ; Arr is the change of potential resulting 
from the further addition of the small quantity 
Av, e.g. 0-05 ml., of titrant, after v ml. have 
been already added (see Figs. 5 and 6). By 
plotting the potential, or better AirjAv, of an 




appropriate indicator ” electrode, against the 
volume of titrant, the equivalence-point of a 
titration can he determined. The potentio- 
nictriu method can bo used with coloured and 
dilute solutions, when ordinary indicators arc 
of little value, and also for many processes for 
which indicators are not available. The main 
disadvantages are the special ajjparatus required, 
and the time taken for a titration : since the 
potentionictric methotl would normally only be 
employed when ordinarj’’ indicator methods are 
not possible these disadvantages arc not 
significant. 

Measurement of Potential. — The potential 
of an electrode is measured by combining it 
with another (relereni’c) electrode of constant 
potential, so tliat the two constitute a voltaic 
cell, the E.M.F. of which can be me.isureil. 
7'he reference electrode most commonly used is 
the " calomel electrode,’’ consisting of mercury, 
mercurous chloride, and a solution of potassium 
chloride ; this is either O-IA, N or saturated, 
the last being rccorainended for titration work, 
yjjecial vessels are often used, and are available 
commercially, for making up calomel electrodes, 
but for most purposes a wide-mouthed (2 oz.) 
bottle will serve (Fig. 7). The ends of the 
siphon-tube shorni are plugged with tight rolls 
of filter-paper to minimise diffusion, and the tube 
should be easily removable, so that the potassium 
chloride solution it contains may be replaced 
from time to time. If in tbc solution being 
titrated a substance is present which is liable to 
react with potassium chloride, e.y. sih er iort.s, 
it is advisable to use an intermediate vessel 
between the reference electrode and the titration 
system ; connection is then made by means of a 
second siphon-tube containing potassium nitrate 
or sulphate, or ammonium nitrate solution. 
Other referenee electrodes, c.g. mercury- 


mercurous sulphate-sulphuric acid, or a quin- 
hj-drone electrode with potassium chloride and 
a buffer solution, may be employed if more 
convenient, but nothing must be introduced 
which is likely to affect the titration. The 
E.M.F. of the cell consisting. of reference and 
indicator electrodes is measured by applying 
some form of the Poggendorff principle ; com- 
mercial potentiometers are based on this prin- 



ciple, but these, although convem'ent, are not 
essential for titration purposes, and the arrange- 
ment depicted in Fig. 8 may be adopted. A 
2-volt accumulator A is connected across a 
“ metre-bridge,” or better a bridge-wire of tbc 
spiral type wound on a cylinder (BC) ; the 
combination of reference electrode (K) and 
indicator electrode (1), inserted in the solution 
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to be titrated, is connected between B and the 
moving contact E. A pointer galvanometer 
with & sensitivity of 1-2 divisions per mioo- 
amp. is inserted at G and a snitable switch at S. 
The contact E is moved until no flow of current 
is observed on O when S is closed. The resist- 
ance (or length) of the wire BE is directly pro- 
portional to the E.IIJ'. of the measnred celL 
By means of a standard cell of known E.Jtf 
it is possible to cahbrate the potentiometer wire 
BC so as to read OS’ the actual voltage of any 
other cell, but this is unnecessary for titration 
purposes. Changes of electrode potential are 
required to indicate the end-point, and conse- 
quently any quantity proportional to the 
E.il.F., t.g. len^h of the wire BE, will serve the 
purpose ; for the same reason it is not necessary 
to know the potential of the reference electrode, 
since it remains constant. 

In the potentiometer-voltmeter modification 
(Sand, 1907) the uniform wire BC can be con- 
veniently replaced by two vanable resistances. 
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such as are used m radio-apparatus, one fine and 
the other coarse, joined m senes. The terminal 
B IS connected to the moving contact of one 
resistance and E to the other, and their positions 
adjusted until no current flows through Q on 
closing the switch. The E.M.F. of the cell is 
then indicated directly on the zniUivoItmeter V 
inserted in the position shown in Fig. 8 ; a 
milliammeter or a galvanometer, with a senes 
resistance, may be used as a voltmeter. 
Process of Titration. — Special vessels have 
been devised for carrying out potentiometric 
titrations conveniently, but these are not 
essential. The solution to be titrated is placed 
in a suitable vessel, the appropnate indicator 
electrode (p. infra) inserted and the reference 
electrode connected. The E.M.F. of the cell 
so formed is measured, and known volumes of 
titrant added ; after each addition the solution 
is stirred well, if possible by a mechanical stirrer 
or by a stream of suitable gas, and the EJitJ. 
is measured again. Near the equivalence-point. 


, analysis. 

the approximate position of which may be 
determmed by a preliminary rough titration, 
the titrant should be added 0 05-0-10 ml. at a 
time, and a minute or two allowed for equih- 
bnutn to be attained before the potential is 
measnred. The end-poiat can then be obtained 
graphically, as already indicated (Figs. 6 and 6). 

Special Methods.— Simple Rtftrtnee EUc- 
— ^A capillary tube containing a platinum 
vriro 13 placed in the solution to 1» titrated to 
act as reference electrode ; a Lttle of the solu- 
tion IS drawn into the capillary, and as it mixes 
only slowly with the bulk it can he regarded as 
remaining unchanged throughout a titration. 
The potential acquired by the platinum is thus 
approximately constant. For approximate work 
the end pomt may be detected by means of a 
galvanometer and series resistance connected 
acr(>ss the two electrodes, no potentiometer 
being necessary ; the galvanometer shows httle 
deflection until the end-point is approached 
when a defimte swing is observed. An analogous 
device IS to seal a platinum wire into the outlet 
tube of the burette contaming the titrant ; this 
acts as a constant reference electrode. The tip 
of the burette must dip mto the titrated solution 
to make contact, and back diffusion is eliminated 
by bending the outlet tube twice at nght angles. 
This arrangement requires the use of a potentio- 
meter. It IS frequently possible to find a pair 
of electrodes one of which responds to change of a 
particular ion, whereas the other does not ; the 
Utter can then function as a constant reference 
electrode, and the E.MJ". of the cell made up 
of the so-called “ bimetallio system" dipping 
m the titrated solution is small until the end- 
point IS reached, when it increases rapidly. A 
galvanometer is again sufficient to indicate the 
end of the titration. Examples of bimetalLc 
systems are antimony, as the indicator electrode, 
together with natural graphite, carborundum, 
cadmium, nickel or cobalt as reference electrode 
for neutrabsation titrations ; platinum and 
tungsten are a suitable pair for oxidation- 
reduction processes. 

Y^cn many titrations of the same kind are to 
be performed the solution to be titrated may 
be ^onected, by means of a siphon tube filled 
with neutral electrolyte and having its ends 
plugged with filter paper,, to another vessel 
containing a suitable companson electrode and 
electrolyte, the potential being equal to the 
value which the titrated solution should have 
at the required end pomt. The comparison 
electrode may consist of an actual solution 
previously titrated, or made up to he equivalent 
to it, or it may be a system of quite different 
nature giving the same potential. The indicator 
and companson electrodes are connected through 
a tapping key to a galvanometer, and the titra- 
tion performed. Before the end-point the current 
flows m one direction, but it is reversed when 
the end-point is passed; at the actual end-point 
the jB.lf J’. of the system is zero and no current 
flows- 

Differential Titration.— The principle, 
first introduced by Cox in 1925, has been widely 
developed. If to two identical solutions are 
added v and v-{-D 1 ml. of titrant severally, 
the difference of potential between two similar 
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electrodes in the two solutions is a direct measure 
of A 7 r/At>, where Af is 0-1 ml., at the point corre- 
sponding to the addition of e+0-05 ml. of titrant. 
The difference of potential will thus ho a maxi- 
mum at the end-point of the titration. In the 
original method the solution to he titrated was 
divided into two equal parts and titrant added 
from two separate burettes, but subsequently 
devices have been employed for preventing 
temporarily small quantities of the titrated 
solution, surrounding one of the electrodes, 
from mixing with the bulk before each addition 
of titrant. For most purposes the end-point 
can be determined without a potentiometer, a 
galvanometer being sufficient to indicate the 
point at which the difference of potential 
between the two identical electrodes is a 
maximum. 

A type of differential titration is also possible 
by the aid of a thermionic-valve voltmeter : the 
titration system, consisting of indicator and 
reference electrodes of the normal type, is 
included in the grid-circuit of the valve, and a 
galvanometer is placed in the anode-circuit. 
As the end-point of the titration is approached 
the grid-bias is adjusted, by the aid of a suitable 
battery, so as to bring the galvanometer pointer 
back to zero ; the magnitude of the deflection 
resulting from the addition of a definite amount 
of titrant, e.g. O-OS ml., is then a direct measure 
of Att/Au, and so is a maximum at the end-point. 

Applications. — ^The t 5 rpes of titration which 
can be carried out potentiometrically are 
suitably considered under three headings : 
neutralisation (introduced by Bottger, 1897) ; 
precipitation (introduced by Behrend, 1893) ; 
and o.xidation-reduotion (introduced by Croto- , 
gino, 1893). 

Neutralisation Processes. — ^When an acid] 
and a base are titrated against one another the | 
hydrogen-ion concentration undergoes change, 
and so it is necessary to have an electrode the 
potential of which responds to changes in this 
ion. Several such electrodes are available, e.g. 
hydrogen gas, oxygen gas (or air), quinhydrone, 

• antimony or glass (see “ Hydrogen Ion Con- 
centrations ”). If accurate results are required 
the hydrogen-gas or quinhydrone electrodes 
should be used, provided the solutions to be 
titrated are such as to permit their employment. 
The glass electrode is also capable of giving 
precise results, but the technique is difficult. 
The quinhydrone system cannot be used in 
solutions more alkaline than 8, and so it is 
advisable to add alkali to acid when employing 
this electrode. For approximate work the air 
and antimony electrodes may bo found con- 
venient. 

The accuracy with which the end-point can 
be found potentiometrically depends on the 
actual change of potential (Att/Au) at the 
equivalence-point. IVhen a strong acid and 
base are titrated the maximum value of Aw/Au 
is large, even in dilute solution, and good results 
are easily obtained. In the neutralisation of a 
weak acid by a strong base, or strong acid by a 
weak base, the change of potential is not large, 
and further the maximum AirjAv does not coin- 
cide exactly with the equivalence point. Pro- 
vided cK is greater than 10“®, however, where c 
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is the concentration of the titrated solution 
and K the dissociation constant of the weak 
acid, or weak base, the break in the potential- 
titration curve is appreciable and tlie divergence 
between the true equivalence point and the 
indicated end-point is well within the limits of 
experimental error. It is rarely necessary to 
titrate a weak acid by a weak base, but by 
careful potentiometric procedure it is possible 
to estimate the end-point for a 0-IN-solution 
within about 1%. 

The separate acids (or bases) in a mixture can 
often be titrated potentiometrically, provided 
there is an appreciable difference in their 
strengths, e.g. acetic and hydrochloric acids. 
If Cj and Cg arc the concentrations of two acids 
(or bases) in a mixture, and and their 
dissociation constants, then provided Cj/fj/CjFg 
is greater than about 10®, two separate breaks 
wifi be observed in the potential-titration curve 
if a strong base (or acid) is used as titrant. The 
first break indicates neutralisation of the 
stronger acid (or base), and the second complete 
neutrah’sation. The value of K for a strong acid 
or base, for purposes of computation, may be 
taken as unity. The general relationship may 
be extended to successive pairs in a mixture of 
several acids, or bases. 

The salt of a weak acid (or base) may be 
estimated by titration with a strong’ acid (or 
base), the conditions for good results being 
similar to those for the titration of the weak 
acid (or base) itself by a strong base (or acid). 

These generalisations should be sufficient to 
indicate the conditions under which end-points 
of titrations involving acids and bases may be 
determined potentiometrically ; it is conse- 
quently unnecessary to enumerate any of the 
very large number of titrations which can bo 
performed. 

Precipitation Processes. — ^When a solution 
of one ion, e.g. Ag, is titrated with that of 
another, e.g. CT, with which it forma an 
insoluble salt, the concentration of the former 
ion decreases during the process, the decrease 
being relatively most rapid near the equivalence- 
point. The potential of a silver electrode placed 
in the titrated solution will evidently change in 
an analogous manner. If the solutions titrated 
against one another have the same concentration 
and the precipitate is formed by two ions of the 
same valency, e.g. AgCI, the maximum value 
of AvjAv occurs exactly at the equivalence- 
point. When the two ions have different 
valencies the maximum occurs either before or 
after the true equivalence-point, according as 
the valency of the titrant is greater or less than 
that of the titrated ion. The error is smaller 
the smaller the solubility of the precipitated 
compound, the smaller the volume of the 
solution and the greater the concentration of the 
titrated ion. In any case, in order for the in- 
flexion in potential near the end-point to be 
appreciable, the same conditions must apply ; 
it follows, therefore, that when the position of 
maximum Aw/Au can be determined with 
accuracy the titration error due to the different 
valencies will be negligible. 

The most important type of precipitation- 
titration followed potentiometrically is that 
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involving stiver nitrate as reagent in eaRjaiictioB 
With a silver indicator electrode. This is pre- 
pared from s clean silver mre or by coating 
platinum gauze with silver by the cfectrolysia 
of an argentocyarude solution ; m the latter 
case the electrode must bo washed free from all 
traces of cyanide. The electrode should be 
cleaned, preferably by scraping and then with 
nitnc acid, after each titration. The following 
are examples of the chief titrations with tte 
silver electrode employing silver nitrate ; the 
latter is generally the titrant. 

Arsenate and Arsemle ^ — The aolution must be 
kept at about pn 9, i.e. just pink to phenol 
phthalein during the titration, sodium bydrovide 
being added if required. The results ate not 
very accurate. 

Chrtmale . — ^The btration should he carried 
out in the presence of 45% alcohol . this 
decreases the solubility of the precipitate and 
increases the inflexion at the cnd-poinL 

Cyanide . — Two breaks are observed in the 
potential titration curs c ; the first corresponds 
to the formation of Ag(CN)l>and the second 
to the precipitation of all the cj’anide as AgCN. 

The cyanide titration may be used for the 
mdarecl estimation of cobalt nickel, and xinc : 
excess of a standard solution of potassinm 
cyanide is added and hack-titrated with silver 
nitrate to the first inflexion, corresponding to 
the formation of Ag(CN )3 from the excess free 
cyanide. The remainder of the cyanide is then 
present either as Co(CN)i", Ni(CN)V. or 
Zn(CN) 2 , resMctively, and thus the amount of 
the correspon^g metal can be determined. 

i/aZides.— Chlonde, bromide and iodide tons 
in solution may be titrated with great accuracy. 
Even in dilute solutions satisfactory results are 
obtainablo : with chloride at 0 OOIA'. bromide 
at 0 OOIA', or iodide at 0 0005X, the error need 
not be more than 1%. Theoretically, it shoold 
be possible to estimate the amounts of the 
separate halides in a mixture, since the breaks 
for complete precipitation occur in the order 
of increasing solubility of the silver salts, < e. 
first iodide, then bromide and finally chloride. 
A source of error is the adsorption of one silver 
halide by another ; this is best obviated by 
addition of 5% barium nitrate to the titrated 
eolation. Ammonimn nitrate may be used 
instead, and this is recommended w hen detecting 
small amounts of chloride m the presence of 
iodide. If It is desired to estimate traces of 
Cl' in the presence of other halides, it is pre 
ferahle to destroy the latter, for example, by 
boiling with sulphuric acid and sufficient per- 
manganate (see Clark, J.CS. 1926, 7&lk 

mixtures of cyamde with halides ran be 
titrated potentiometncally ; the first udlexion 
is due to the formation of Ag(CN}3, then follows 
that for silver iodide. If chloride and bromide 
are present these precipitate together with silver 
cyanide, and so the third break corresponds to 
the complete formation of these stiver salts. 
It is thus not possible to estimate chloride and 
bromide separately in the presence of cyanide, 
but one or the other can be detenmned, smee 
the amount of cv anide can be obtained from the 
Ag(CN)a break. The results are generally 
accurate to about 1 or 2%. 


For the determination of silver itself u, seb 
tion best results are obtained with sodjon « 
potassium chloride as titrant. 

Phosphate . — ^Ibe method is the same u ft, 
arsenate. 

Sulphide . — ^Alkali or hydrogen sulphide can be 
titrated by silver nitrate with good a«mtj • 
some authors recommend the use of an so! 
ffioniacal silver solution as titrant. Tic sulphide 
solution should be more concentrated tbsa 
(iQ2N ; jf more dilute, better results ire 
obtained by titrating with mercune cldonde, 
using a mercury indicator electrode. 

Thiocyanate . — This is best titrated in the 
presence of 1% banum nitrate to miniinisc 
adsorption errors- Sdver bromide and thio- 
cyanate have similar solubilities and precipitate 
together; hence it is not possible to estimate 
each separately in a mixture, dlorule sad 
iodide, especially if barium nitrate is added, 
and cyanide can be titrated in the presence ol 
thiocyanate s the first break indicates com 
pletion of Ag(CN]a formation, the next silier 
iodide, and the third to the complete precipi 
tation of Sliver bromide, chlondc, cyanide, and 
thiocyanate. It is evident that linuted mutures 
only can be analysed potentiometncally, hut 
even then the method is supenor to any other. 

Oxidation-Reduction Processes,— In the 
past the poltnliomctnc method has found its 
main scope in oxidation reduction titration*, 
but the discovery of suitable indicators hu 
tended to siuunuse the importance of this 
application. The titration of a reduced snb- 
8Unce,.Ited. I, by an oxidising agent, Ox. II, 
may be represented m Us simplest form by •. 
Red. I-f Ox. JlpiOx. I-i-Red II, where Ox. I end 
Red. II are the oxidised and reduced forint, 
respectively, of I and II. In the vicmily of the 
end point the concentration of Red. I decreases 
rapidly, whereas that of Ox. I increases corre- 
aponduigly. An unattackable electrode, e?. 
a clean, smooth, platinum wire or foil, placed in 
the titrated solution attains a potential deter 
mined by the ratio of the concentrations (Ox, 1) 
(Red. 1) ; hence near the equivalence point- 
the electrode potent ial w ill undergo rapid change. 
The maximum Av/Ai' does not coincide exactly 
with the true end-jioint, but the discrepancy 
» vciy small if the equilibrium constant of the 
titration process, I'.e. (Os. I) (Red. II)/{Red. I) 
(Ox. II), H large. The more complete the 
oxidation of Red. 1 by Oa. II m the titration 
the smaller will be the error. The inflexion 
in tbo potential titration curve near the equi- 
valence point is greater the larger the equili- 
brium constant and the more concentrated the 
titrated aolution ; hence, under such conditions 
that the reaction in the titration is virtually 
complete, the cnd-point can be determined 
accurately, provided the solutions are not too 
dilute. 

As a general rule an oxidation reduction 
electrode IS set up very simply ; acleanplatinam 
wire IS inserted into the solution, and eqtuli- 
bnum seta m rapidly after each addition of 
titrant. In sonic in'>tBncce the potential 
depends on the pn of the electrolyte, and so 
care should be taken to avoid changes in the 
awiity due to extraneous causes. ThefoUowing 
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are the chief estimations ■which can be carried 
out potentiometrically. 

Arsenic. — Tervalcnt arsenic may be titrated 
in concentrated hydrochloric acid solution (4A' 
at end of titration) -irith ceric sulphate, iodine 
monochloride (made by dissolving 2 mols. 
potassium iodide, about 0-007 J/, to 1 mol. iodate 
in %vatcr, and adding an equal volume of con- 
centrated hydrochloric acid) being added as 
catalyst. In a slightly alkaline solution, for 
e.xample, in presence of sodium carbonate, 
arsenite ma^' be titrated very accurately with 
permanganate. Sodium hypobromite can also 
be used as titrant in alkaline solution ; 0-001 A'- 
arsenite can thus be estimated within 1%. The 
titration of tervalent arsenic in 5% hydrochloric 
acid by means of bromate is particularly suitable 
for dilute solutions. 

Antimony. — In the tervalent state antimony 
may be titrated with diehromate, bromate or 
ceric sulphate in acid solution : in the latter 
case 0-0005 Jll-iodine monochloride should be 
present as catalyst. -The antimony should be 
reduced, if necessaiy, by means of sulphite 
and acid before titration. Antimonates may 
be titrated quantitatively with titanous chloride 
(or sidphate) at 90°-95° ,- arsenates do not 
interfere. 

Aromatic Amines. — ^The amine is dissolved in 
100 ml. of 2A^-hydrochloric acid, 10 ml. of 20% 
potassium bromide added and the resulting 
solution titrated with 0-2A’'-potassium bromate. 
The inflexion occurs, in general, when the 
formation of the tribromo-compound is complete. 

Azo-Compovnds. — E.xcess of titanous chloride 
is added in hydrochloric acid solution, the mi.x- 
turo boiled for 5 minutes, air being absent, and 
then back-titrated with ferric alum, in the 
presence of thiocyanate, at room temperature. 
In certain cases direct titration of an azo- 
compound with a titanous solution can be per- 
formed using Rochelle salt as a huflfer. 

Cerium. — Ceric sulphate can be estimated in 
a variety of ways, since it is so often used as 
titrant ; ferrous (ammonium) sulphate and 
sodium oxalate are, however, probably best 
(see Oxalic Acid). 

Copper. — Solutions of copper, even when quite 
dilute, may be titrated, in the presence of acetic 
acid, with thiosulphate after the addition of 
potassium iodide ; nickel, bismuth, aluminium, 
zinc, silver, lead and stannic tin do not interfere. 
The harmful effect of ferric iron is eliminated 
by adding sodium pyrophosphate. Copper solu- 
tions to which excess of iodide or thiocyanate 
have been added may be titrated with titanous 
solution at 55°. If ferric salts are present these 
should be reduced first, then potassium thio- 
cyanate added and the copper titration com- 
pleted in acid solution at room temperature. 

Diehromate. — The usual titration with ferrous 
iron in acid solution can be performed potentio- 
metrically, and in the presence of 20% sulphuric 
acid diehromate may be estimated by arsenions 
oxide. The latter method is of particular use in 
vanadate solution, since in the presence of a little 
ferric iron this is not reduced by the arsenious 
oxide. Cobalt and, particulari 3 -, manganese 
interfere with the titration, but nickel, phos- 
phate and niol^-bdate do not. 
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Ferric Iron. — For the direct titration a 
titanous salt appears to be best : the ferric 
solution should be acid and the reaction should 
be carried out at room temperature. Copper 
salts do not interfere. 

Ferrous Iron. — The end-point for any of the 
usual titrations, e.g. with diehromate, perman- 
ganate or ceric solution can be determined 
potentiometrically if required. 

Ferricyanide. — Titanous chloride, or sulphate, 
can be used for the titration which should be 
performed at ordinary temperatures. Accurate 
results are obtainable in tartrate solutions. 

Ferrocyanide. — Estimation bj’ permanganate 
gives accurate results ; the titrated solution 
should be about 1-5N in sulphuric acid. It has 
been stated that hydrochloric acid does not inter- 
fere with the process. Ferrocyanide in 1-2A- 
acid solution may be estimated with ceric 
sulphate. 

Hydrogen Peroxide. — ^The titration with ceric 
sulphate is relatively slow, and equilibrium is 
established more rapidly in 0-5-3A’^-hydrochloric 
or acetic acid solution. 

Hydroquinone. — ^This can be estimated poten- 
tiometrically by iodine, but very accurate results, 
in acid solution, are obtainable with ceric sul- 
phate as titrant ; the results are so exact that 
the method has been proposed for the standardi- 
sation of ceric solutions. 

Hypochlorite. — The titration by arsenious 
oxide should be carried out in bicarbonate solu- 
tion. 

Iodide. — In 0-2-0-5N-acid, solutions can be 
accurately titrated with permanganate. This 
process may be utih’sed to estimate bromate and 
iodate : an excess of standard potassium iodide 
is added and the residue back-titrated -with per- 
manganate. The direct titration of iodide by 
iodate, in the presence of sulphuric acid, can 
also be carried out accurately ; the method 
can be used to determine either iodide or 
iodate. 

Lead. — If the solution is more than 0-00/, 
lead may be estimated by standard ferrocyanide, 
containing a little ferricyanide to set up a 
reversible oxidation-reduction system ; the 
titration is best performed at 75°, Large amounts 
of acetate interfere with the process because 
of the formation of complex ions containing 
lead. 

Mercury. — Mercurous mercury is estimated by 
oxidising with hot (not boiling) ceric sulphate in 
an acid solution, and back-titrating excess of 
cerium with standard ferrous solution. The 
mixture should contain a large excess of cerium, 
but not too much acid. If appreciable amounts 
of mercuric compounds are present a blank esti- 
mation should be carried out tvith an approxi- 
mately equal amount of mercuric salt. In the 
mercuric form, mercury may be determined by 
titanous solution ; to 200 ml. of titrated solution 
should be added 2 g. tartaric acid, 3-10 g. 
ammonium acetate (depending on the acidity), 
15 g. ammonium chloride, and 5-10 ml. 0-lA’- 
bismuth chloride to act as catalj-st. The actual 
titration is carried out in the cold, after boiling 
to expel air. 

HUrile. — With permanganate as reagent, the 
nitrite is run slowly .into a definite amount of 
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the acidified solution rit lo" ; the process ma^ 
also ho performed with ceric sulphate ns oxidising 
agent. 

A’tfro-CompoKnds.— About 30 ml of 20% tri 
sodium citrate are added to the solution to be 
titrated, and air removed by carbon dioxide ; 
titanous solution, standardised against feme 
alum in the presence of citrate, is then added 
slowly until the solution is dark xiolet. The 
excess of titanous salt is back titrated with a 
standard ferric solution. 

Organic Adda and Salla. — Citric, glycoUic, 
malic, malonic, and tartaric acids can be oxidised 
by heating for 30-B0 minutes at 00°— 100® with 
excess cenc sulphate in 2-3A’*sulphune acid. 
The results are reproducible but not stoicheio 
metric, and it is necessary to find the appropriate 
factor for the cenc solution by separate experi- 
ments with each acid under the conditions em 
plojed in the estimation. 

Oxalic Aeid and Salts . — ^This acid differs from 
those just mentioned in so far as it is oxidised 
stoicheiometrically to carbon dioxide and water 
by means of cenc sulphate : the process may 
be earned out in A’-hydrochlonc or sulphiinc 
acid at 70®-90®, or at room temperature if 
0 0005il/ iodine chloride is added. Very ac 
curate results ore obtamable, and sMium 
oxalate can be used to standardise cenc solutions 
( 5 1 ). The method may be employed to esti- 
mate metals forming insoluble oxalates , the 
precipitates can be dissobed in acid and 
titrated m the manner indicated. The familiar 
titration of oxalic acid at 70® m the presence of 
sulphuric acid by means of permanganate can 
be performed potentiometncally. 

Permanganate . — Any of the processes in which 
permanganate acts as titrant may be appbed 
equally to its estimation ; the best results are 
probably obtained with ferrous salts, iodides, 
or oxalic acid. 

Phenols . — ^The method, using bromate, is the 
same as described for aromatic atnmes ( 9 .P.). 

Sulphurous Acid and Salts — An excess of 
standard permanganate is added to the alkaline 
sulphite solution which is then acidified ; the 
remammg permanganate is removed by a small 
excess of standard iodide, and the latter finally 
back-titrated with permanganate Alternatively 
sulphites may be estimated by running into 
standard iodate containing l-SN-sulpbunc 
acid : two breaks are observed m the potential- 
titration curve, the first corresponds to the 
formation of sulphate and free lodme, and the 
second to sulphate and iodide ions. 

Thiosulphate . — ^The conventional titration with 
iodine is probably best for potentiometnc esti- 
mation. 

Tin . — Stannous tin may be quantitatively 
oxidised to the stannic state by permanganate 
or dichromate. In strongly alkahne solution 
stannous 10 ns may be estimated by ferrocjanide 
containing a little femcjanidc. 

Titanium . — ^After reduction to the titanous 
state in a cadmium reductor (Treadwell, Helv. 
Chim. Acta, 1021, 4, 551) titanium can be 
titrated in various ways, the employment of 
permanganate bemg recommended. In the 
presence of iron the first break m the potential- 
titration curve .xirresponds to the completion of 


the process Ti“' — Ti", and the second to 
Fe«-»-Fen'. 

Uranium . — The uranium compound is first 
reduced m a slightly acid medium to the U*'' 
state in the cadmium reductor (u. supra) : the 
solution IS then warmed and titrated with per- 
manganate in a current of carbon dioxide, 
when the oxidation U^i takes place. If 

ferrous iron is present it is subsequently oxidiseil 
and a second break is observed in the titration 
curve- The reduction of U'* to U”* may be 
earned Out ciu.sntitatively with a titanous salt 
in a solution containing a large amount of 
Rochelle salt at 75". If a ferric salt is present 
it may' be first estimated in hydrochloric acid 
by the titanous compound ; Rochelle salt is 
then added and the uranium determined. 

Vanadium . — Vanadyl solutions can be titrated 
m fairly concentrated acid solution with either 
permanganate at ordinary temperatures or 
cenc sulphate at 50“-60° ; in the presence of 
ferrous iron the first break in the potential, m 
cither case, represents its complete oxidation to 
the ferric state, and the second the oxidation 
of the vanadyl to the vanadate (V^) state. 
The ceric titration has been adapted to the 
estimation of vanadium in steel (Willard and 
Young, Ind. Eng Ohem. 1928, 20, 972). Vanadjl 
ions can also be oxidised to vanadate in an 
alkaline medjum by fcriicyanido , if caustic 
alkali IS present the reaction is rapid at room 
temperatures Air should be excluded dunng 
the titration and a current of nitrogen, free from 
oxygen, bubbled through the solution. The 
reverse process, reduction of vanadate to vanadyl 
10 ns, in acid solution may be performed quanti- 
tatively by ferrous sulphate, and the end point 
determined potentiometncally. This reaction 
has also l^en used to estimate vanadium la steel 
(Wem, ibid. 1928, 20. 764, 769). 

Zinc. — ^The titration of zinc m neutral solution 
with ferrocyarude, contammg a little fern 
cyanide, may be followed potentiometncally, 
the break occurring when all the zme is precipi- 
ate as KjZnJFetCN),]^. As the electrode 
attains equilibrium slowly, the titration is 
performed at 65®, even then the results are 
about 1% low. The addition of 20 g ammomum 
eulpbato to 100 ml. solution decreases the error if 
the titration is carried out at room temperature, 
but the process is very slow. Ferric iron (or 
ferrous iron after oxidation) may be prevented 
from mtcrfenng by adding ammonium fluoride 
to a slightly acid solution; zinc may thus be 
titrated in the presence of iron. If lead is 
present the titration should be contmued until 
both metals are completely precipitated ; the 
titration js then repeated after the addition of a 
slight excess of sulphuric acid to precipitate the 
lead, so that the amount of zinc is thus obtamed. 
A belter method for the estimation of zinc is to 
add excess of ferrocj'anide and then sufficient 
: sulphuric acid to make a A’-solution ; the resi- 
dual fcrrocyanide is then titrated with per- 
manganate and the end-point obtained potentio- 
metncally. 

Blbltography.—Kolthoff and Furman, Po- 
tentiom«tric Titrations ’’ ; hluller, “ Die Elek- 
trometnsche JIassanalyso ” ; Sutton, 
metnc Analysis,” 1933, p 143. 
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PHYSICAL METHODS IN GHEJIICAL 
ANALYSIS. 

Spectrographic Analysis. — See section 
‘ ‘ Analyticai. Apfucations of Spectboscopy,” 
p. 688-692. 

Absorption Spectra. — Methods for Mapping 
Vllra-viokt and Visible Absorption Spectra . — 
Recently the use of various simplified forms of 
hydrogen lamp giving continuous ultra-violet 
radiation has become common, following a 
realisation of the advantages of this type of 
spectrum over line spectra for absorption work. 
The microphotometer also shows to advantage 
with 'absorption spectra obtained with the 
hydrogen lamp, and by its use efforts have been 
made to derive all the absorption data normally 
required from the spectrum photograph directly. 
In the method of Moll, Burger, and Reichert 
(J. Sci. Instr. 1935, 12, 148) the absorption 
spectrum of a solution and six comparison 
spectra for the solvent are obtained with a single 
exposure. The intensities of the comparison 
spectra are graduated in a known manner, so 
that at any given wave-length the intensit 3 ’- of 
the absorption spectrum can be measured bj' 
interpolation between two comparison spectra. 
This procedure is somewhat protracted and is 
obviated in the method of Gull and Martin (J. 
Sci. Instr. 1935, 12, 379) in which one exposure 
is given for the solution and is followed by a 
number of exposiures for the solvent, staining 
with that given for the solution and then de- 
creasing by amounts calculated to give a suitable 
range of extinction coefficients. The absorption 
spectrum together with the other spectra are 
recorded with a microphotometer in such a way 
that the absorption curve is traversed by a 
series of lines corresponding to known extinction 
coefficients. It is then possible to read directly 
from the record the extinction coefficient appro- 
priate to any point on the absorption curve. A 
similar technique is available in the visible 
spectrum using a tungsten filament lamp in 
place of the hj’drogen source. 

Dielectric Constant. — The dielectric con- 
stant of a substance is defined as the ratio of 
the capacity of a condenser when its plates are 
immersed in the substance to its capacity in 
vacuo. This ratio is denoted by c and is con- 
stant over a wide range of frequencies. Measure- 
ments can be made under static electrical con- 
ditions corresponding to infinite wave-length, 
or at any. frequency up to lO” cycles per sec. 
At frequencies above 10’ the technique is rather 
difficult and the results liable to large errors. 
Measurements under static conditions are 
not ^ much used and the bulk of work is 
carried out with a frequency of 10^-10® cycles 
per second. Such a frequency has the advan- 
tages that ordinary radio apparatus can be 
utilised, standard variable condensers of normal 
design are available, and small quantities of 
material suffice for a measurement. 

In measuring the dielectrie constant, the 
problem in the case of a liquid or solid is to 
measure the electrical capacity of a condenser 
filled first with air and then with the liquid 
or solid under investigation. For gases and 
vapours it is necessary to be able to evacuate 


completely the condenser so as to measure the 
capacity in vacuo. The cell capacity commonly 
used is about lOOppF for gases and vapours, 
and rather less for solids and liquids. Two 
types of apparatus are widely used for measure- 
ments at radio frequencies. In one a valve 
oscillator of fixed frequency excites a tuned 
circuit included in which is the condenser con- 
taining the substance under investigation. The 
voltage developed across this circuit is measured- 
with a valve voltmeter and is a maximum at 
resonance. The point of resonance having been 
accurately determined for the empty cell, the 
medium is introduced at any desired concentra- 
tion and resonance again obtained by com- 
pensating for the change of capacity with a 
standard variable condenser. A method of this 
tj’pe has been successfully used by Groves and 
Sugden (J.C.S. 1934, 1094) for vapours. The 
second method employs two high frequency 
oscillators which are loosely coupled so that an 
audible beat note is produced. The condenser 
containing the substance is included in one of 
the oscillatory circuits, and changes of capacity 
are compensated by a standard variable con- 
denser, the beat note always being adjusted to 
the same value. In some cases it is sufficient 
to tune to the “ silent point ” at which both 
oscillators are in tune and there is no beat note. 
More accurately, the beat note can be adjusted 
to be in tune with an electrically maintained 
tuning fork, or can be compared with a fixed 
audio frequency by means of a cathode ray 
oscillograph. In this latter case when the bent 
Irequencj' bears some simple relation to the fixed 
frequency, conveniently obtained from a small 
oscillator, a characteristic Lissajous figure is 
obtained. 

The dielectric constant is only slightly greater 
than unity for gases and vapours tmder normal 
conditions, is between 2 and 10 for the majority 
of liquids and solids, but may rise much higher, 
e.g. 80 in the case of water. According to 
Maxwell the dielectric constant should he equal 
to the square of the refractive index, measured 
at the same frequency, and in many cases this 
is found to be approximately true, even when 
the refractive index for visible light is used. 
In other cases the relation breaks down com- 
pletely when the frequency is not the same for 
both measurements. 

Dielectric constants are of importance in 
connection with the measurement of dipole 
moments. Any polar molecule, that is one in 
which the mean electrical centres of the positive 
and negative charges do not coincide, will have 
a dipole moment, p, determined by the magni- 
tude of the equal positive and negative charges 
multiplied by the distance between them. Such 
a molecule will tend to orient itself in an electric 
field but will have to contend with thermal 
agitation, the disturbing effect of which increases 
with rising temperature according to the relation 
deduced by Debj’e. The Debye equation can 
be written in the form 

e— 1 M b „ ,,, 

^f2 ■ "d ’ • • ■ ^ ’ 

where M is the molecular weight of the sub- 
stance under consideration, d its density, T the 
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absolute temperature, a a constant for any 
gi\en substance, and 6 a constant for all au^ 
stances. It is po-ssible to obtain the dipole 
moment from this equation by a series of 
measurements made at different temperatures, 
and this procedure is uiTariably adopted for 
gases and vapours. In the case of solutions, for 
ubich the expcnmental difficulties are much 
less, equation (1) la assumed to hold for dilute 
solutions in non polar solvents, and measure* 
ments are made over a range of concentrations 
so that the value for mfimte dilution can be 
obt.aincd. The dipole moment la calculated for 
a single temperature as the variation with 
temperature of the dielectric constant of a 
solution IS not easily measured. The influence 
of solvent is, boa ever, unfortunately not entirely 
eliminated b} extrapolation to infinite dilution, 
and the results with vapours, although rclativelj 
few in number, seem definitely to be preferred. 
^ olucs obtained for substances m the vapour 
state and in solution generall 3 ’ agree within 10%. 
A studj’ of dipole moments leads to mterestmg 
conclusions uith regard to molecular structure, 
and in manj* cases for molecules containing 
several polar groups it is possible to calculate 
the total dipole moment for each molecule by 
adding vectorially the various group moments. 
A full account of recent work on dipole moments 
13 given by Glasstone “Recent Advances in 
Physical Chemistry," London. 1936. 

A practical application of dielectric constants 
whicii js being developed is the determination 
of moisture in substances such as tea, grain, 
flour, cigarettes and tobacco by mca.sutement 
of the dielectric constant of a known weight of 
the material in a suitably devised condenser. 
Since the basic maternl of tbe substances men* 
tloned has a dielectric constant of the order of 
S while the value for water is about 80, it is 
apparent that the dielectric constant will be 
sensitive to smaU changes in the moisture 
content and comparativ ely insensitive to changes 
in the basic matenal. Any of the ordinarj- types 
of dielectric constant apparatus already men- 
tioned can be adapted for this purpose ; also 
commercial apparatus is available (Cambndge 
Jnsfnrnient Cb/. Some trouble may be ex- 
perienced by reason of the large power loss 
inv olved with the materials mentioned, especially 
when verj’ moist. If the damp material forms 
the dielectric of the tuning condenser of an 
oscillator, the output will be much reduced, and 
similarly’ if present in the condenser of a tuned 
receiving circuit, tbe resonance curve will be 
flattened. These effects are minimised by making 
the cell capacity’ email ond orranging it to be 
onl^' a fraction of the total capacity. Moisture 
content up to and above 20®^ can be measured, 
the relation between dielectric constant and 
moisture being approximately linear. It is 
important to calibrate the apparatus with 
material simil.vr to that for which the method is 
requiretl, the moisture for this purpose being 
determined by oven drying or other convenient 
mevnv. A. E. M. 

Polarographlc Analysis. — Automatically 
recorded current-voltage curves for a dropping 
mercury' electrode ma\ be emploved for the 
quantitative and qualitative analysis of an 


aqueous or alcoholic solution containing metallic 
ions or reducible material either inorganic or 
organic. An apparatus for this purpose has 
been devised by J. lIc^TOVsky and M. Shikata 
(Rce. trav. chim. IDJo, 44, 49G). The liquid to 
be analysed forms the electrolyte in a cell A 
(fM Fig. 1) of which the anode is a pool of mer- 
cury and the cathode a glass capillary tube of 
0 01*0 03 mm. diameter from which mercury 
drops at the rate of 1 drop in 1-t seconds. The 
potential across the cell is slowly increased by 
means of aTotatlng potentiometer B which is 
directly geared to the recording drum C around 
which IS wrapped a piece of photographic paper. 
The current flowing through the cell is recorded 
on the drum by a spot of light reflected from 
the mirror of the galvanometer D which is 
connected in series with the cell by way of the 
variable shunt resistance E. This shunt enables 
the aensitivitj’ of the arrangement to be varied 
as necessary. 

No current is passed by the cell until tbe 
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deposition or reducfion potent/sl of one of the 
Bubetances present in solution is reached. A 
sharp increase in current then results and con- 
centration polansBtion sets in ; that is, the 
mercury-water interface becomes denuded of 
reduciUe material by electrolysis and further 
electrolysis is limited by the rate at which fresh 
material diffuses to the interface from the main 
bulk of the solution. Further increase of the 
voltage results lu no further increase m current 
until the next deposition potential is reached, 
when the phenomenon Is repeated. In this way 
a curve consisting of a series of steps is obtained ; 
the voltage at which a step occurs indicates 
quahtatively the substance responsible and the 
height of the step its concentration. 

^terminations may be raado in [aintiy acid 
(Pb<( 3 5), neutral or alkaline solutions. With 
■the exception of Mg all the common cations 
!may he detected and determined in this way. 

I Where two or more substances with the same 
lor but shghtly' different deposition potcnlials 
I are present together, separation may be achieved 
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by the addition of a complex-forming reagent 
such as potassium C 3 ’anide or ammonium oxalate. 
The resulting complex ions frequently have 
deposition potential different from one another 
and from those of the free ions. 

Among reducible substances determinable by 
this method are chromates, iodates, bromates, 
nitrates, dissolved O 2 , H 2 O 2 , dissolved NO, dis- 
solved SOj, organic nitro-compounds, ketones, 
aldehj'des, azo-compounds, etc. 

Numerous other analytical apph'cations have 
been described by J. HejTOVsky and others (for 
example. Coll. Czech. Chem. Comm. 1929, 1, 19, 
387, 429, 477 ; ibid. 1930, 2, 134, 489 ; ibid. 

1931, 3, 233, 354, 396, 406, 418 ; Rec. trav. 
chim. 1925, 44. 514, 520, 528, 850 ; Mikrochem. 

1932, 12, 25). H. C. G. 

Azeotropes : Their Analysis and Use in 

the Identification of Volatile Organic 
Liquids. — ^IVhen the vapour pressures of certain 
mixtures of liquids are plotted against com- 
position the curves show at particular con- 
centrations a maximum or a minimum value of 
tho vapour pressure, corresponding respectively 
u-ith a minimum or a maximum boiling-point. 
To these mixtures the term “ azeotropic ” has 
been applied (Wade and Jlerriman, J.C.S. 1911, 
99, 1004). If a mixture has a minimum boiling- 
point it is said to exhibit positive azeotropism, or 
azeotropism of the first kind ; negative azeo- 
tropism, of the second kind, is associated with a 
maximum boiling-point. Among azeotropic 
mixtures those of tho first kind are predominant. 

The existence of azeotropic mixtures presents 
to the analyst both the problem of separating 
the constituents and a means of identifying 
organic liquids. Chemical methods of analysis 
may be used if one of the constituents is an acid, 
a base, contains halogen, sulphur, etc., but in 
general physical methods are preferable. The 
solubility of one constituent in a third liquid 
may be emploj'ed, whilst If the qualitative com- 
position of a binary mixture is known its quanti- 
tative composition may be arrived at by 
determining the density, index of refraction, 
optical absorption, electrical conductivity', 
viscosity', or some other property', and comparing 
tho value obtained with those for a series of pre- 
pared mixtures of knowi composition. 

In addition, tho following distillation methods 
have wide applicability. 

(I) To tho binarj' azeotrope a third substance 
is added which forms a tertiary azeotrope with 
tho other two. Since the ratio between the 
weight of tho two constituents in the binary 
mixture differs from their ratio in the tertiarj', 
then if tho tertiary mixture has a boiling- 
point sufficiently lower than that of the original 
mixture a separation can be made (Young, 
J.S.C.I. 1900, 19, 1072). For example, the 
distillation of wot ethyl alcohol to which 
benzene has bten added gives a first fraction at 
64-86° of the tertiary azeotrope H20-Et0H- 
^6*^6 > 08-24° if sufficient benzene has been 

added a mixture of EtOH and C^Hg distiL, 
and finallj’ at 78-3° pure alcohol alone. In 
practice this particular example is w-asteful, 
but the method can be applied to the dchj-dra- 
tion of other alcohols (e.g. isoprop^-l, /er-butyl, 
allyl). 
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(2) A third substance is added which 
forms another binary azeotrope with one 
of the constituents, tho boiling-point of 
which is lower than that of the original 
azeotrope. On distillation the new azeotrope 
first comes off leaving behind tho other con- 
stituent. 

(3) The following empirical relationship de- 
duced by Young and Fortey (J.C.S. 1902, 81, 
717, 739 : 1903, 8^ 45) is applicable to many 
cases. For a positive azeotrope the ratio of the 
weight of the constituent not in excess in the 
original mixture and the weight of the distillate 
below the mid-point (i.e., the temperature mid- 

j way between the boiling-points of the con- 
stituents) is equal to the proportion of that 
constituent in the binarj' mixture. For negative 
azeotropes the ratio between the weight of tho 
constituent not in excess and the weight of the 
residue at mid-point is equal to the proportion 
in the original mixture. Thus, knowing the 
proportion of tho constituents in the azeotropic 
mixture, the composition of the original mixture 
may be determined. This method is also 
applicable to non-miscible and partialty miscible 
mixtures, but it is unsuited to sj'stems in which 
the azeotropic temperature is near to the boiling- 
point of one constituent, if that constituent is in 
excess. 

(4) The variation in composition of tho azeo- 
trope with pressure (e.g. Swientoslawski and 
Karpinski, Compt. rend. 1934, 198, 2166) maj' 
be used ns the basis of an analytical method. 
For example, the azeotrope, EtOH-CgHg, 
boiling under reduced pressure, at 0°C. contains 
4-5% EtOH ; at lOO'C. it contains 45% EtOH 
(Rabcewicz-Zubkowski, Rocz. Chem. 1933, 13, 
193, 334). 

Data essential for the working of the first 
three methods are to be found in the extensive 
tables of azeotropes given in tho literature, 
notablj' in Maurice Lecat’s “ L’Azeotropisme,” 
Lamartin, 1918, Bruxelles and in his subsequent 
publications (e.g. Z. phj'sical, Chem. 1930, 146, 
232; BuU. Acad. roy. Belg. 1929, [v], 15, 1073; 
Ann. Soc. Sci. Bruxelles, 1929, 49, 261 ; 1930, 
50, 18). 

The formation of azeotropes may be utilised 
for the identification of unknon-n volatile 
organic L'quids, preferably in the pure state, 
although the presence of minor impurities 
does not seriously interfere. The method is 
limited to substances which boil without de- 
composition at atmospheric pressure and consists 
in measuring tho difference in temperature 
between the boiling-point of one of a series of 
standard liquids and that of tho binarj- azeotrope 
formed by the standard and the nnknou-n liquid. 
Lccat’s publications give constants for a series 
of tho most suitable standard liquids wliich 
maj' be added to the unknown liquid boiling 
between 80° and 225°C., together with the degree 
of azeotropism which niaj' bo expected witli 
different types of unknown compounds. In 
some cases two or three binary mixtures may 
have to be examined before the unknown cun bo 
completely identified. 5-20 g. of the unknown 
are required and the maximum time needed for 
examination is 4-5 hours. 

H. C. G. and H. K. W. 



